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Abstract

Paper type: Conditional theorem closure paper. Establishes the substrate-level chirality ma-
trix element |M| = x/6 = ¢ 3/6 ~ 0.0394 as a cross-sector substrate-physics handle shared
across three observable manifestations of substrate chirality — mass-mixing (K3-doublet), elec-
troweak V-A (W-bracelet), and electromagnetic handedness (qDP/eDP polarization) — under
a conditional-closure framework on twelve foundational inputs and four CPP axioms.
Conscious Point Physics (CPP) registers chirality as a substrate-wide phenomenon [1, 2, 3]:
a single substrate primitive — a preferred 4D direction 7 in the ambient R* where the 600-cell
substrate sits (FI-C-RC-1) — sources the chirality content of every parity-sensitive observable in
the framework, with the vertex-aligned reading 7t = vpos¢ (FI-C-RC-2) identifying the substrate’s
local geometric structure as the icosahedral first-shell of a 600-cell host vertex. The substrate
residual symmetry is Stabg, (host) = Hs = I of order 120; the magnitude || = ¢ 3 is

*The Capotauro mechanism was originally proposed in the 13 December 2025 nucleation paper
abshier_grok_capotauro_2025 with Grok (xAI) as collaborator, where the chirality asymmetry Appr ~ 0.04 was
registered as an empirical anchor from the 600-cell hyperedge bias. The v1.0 K3-doublet closure (Composite Capotauro
Wigner-Eckart Theorem, THEO-CAP-1, registered Patch 0397 Session 103 ahead of paper publication; paper v1.0
SHIPPED Patch 0415) was completed Session 102 (Patch 0396) of the CPP programme with Claude Opus (Anthropic)
as primary collaborator, supplying the lattice-derived magnitude Aprr = ¢~ 2/6 ~ 0.0394 via the eight-step Wigner-
Eckart closure (§6). The v2.0 extension to three-way cross-sector unification (|M*3| = |[MY| = |[MPF| = x/6)
was developed across Sessions 87-133 (Reading C closure trajectory; six Q-questions Q1-Q7 with Q1, Q1’, Q1".A,
Q2, Q3, Q4, Q5, Q5-PAIRING, Q6, Q6-PAIRING resolved at Layer 3 or Layer 2 conservative; sketch §1-§20 of
Capotauro_chiral_mechanism_candidate.md [8]), with THEO-SD-CHIR-1 (K3-doublet <> W-bracelet unification)
registered Patch 0434 Session 132 and THEO-SD-CHIR-2 (qDP/eDP closure) registered Patch 0440 Session 133.
The v2.0 paper drafting was completed Session 134 (Patches 0444-0448 plus 0450; the 0449 slot was assigned to a
parallel organizational workstream) via a single-window collapse of the planned multi-session drafting budget. v2.0
v1.0 SHIPPED at Patch 0479 Session 135 (19 May 2026) following the v2.0-cycle reviewer rounds (ChatGPT
round-1 v0.8.1 + round-2 v0.9 revised; Grok round-1 v0.8.1 + sign-off round v0.9; CoPilot round-1 v0.8.1 follow-up
critique + sign-off round v0.9), with all three reviewers converging on explicit SHIP-acceptable verdicts at v0.9 and
v0.9.1 cosmetic polish landed at Patch 0477 before the SHIP closeout protocol. The Reading C closure trajectory is
documented in the working sketches [6, 7, 8].
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derived from the perturbative-distance-ratio constraint on 7i-induced edge perturbations [§],
replacing v1.0’s free magnitude postulate. v2.0 derives the chirality matrix element on three
substrate objects on the host vertex’s first-shell icosahedron — the K3-doublet of charged-lepton
substrate states (3-vertex triangular face); the W-bracelet hosting the V-A coupling (6-vertex
Petrie hexagon); the gDP/eDP linear-vs-orbital ZBW configuration of Dipole Points (1-vertex
/ O-vertex first-shell subsets per SM-2 [10]) — with identical numerical content:

-3
M52 = |MY| = |MPPP| = % = % ~ 0.0394.

The three-way unification at substrate level is mediated by a four-step proof chain — local-
Ij,-preservation at vhes; (Theorem 3.1); Substrate-Locality Unification on first-shell substrate
objects (Corollary 7.1); sector-specific cage-shell factor dr/Viage = 2/12 = 1/6 on the shared
icosahedral cage; sector-specific pairing-convention identification via sector-specific Z, generator
and matter-doublet structure — producing structurally distinct mechanisms with identical nu-
merical magnitude. The three sectors are registered as programme-level theorems THEO-CAP-
1 (K3-doublet; Theorem 6.1, registered Patch 0397 Session 103 ahead of paper publication),
THEO-SD-CHIR-1 (K3-doublet +» W-bracelet cross-sector unification; Theorem 7.4, registered
Patch 0434 Session 132), and THEO-SD-CHIR-2 (qDP/eDP closure; Theorem 8.2, registered
Patch 0440 Session 133) [2]. End-to-end numerical verification matches to machine precision
10717 at every checkpoint of the K3-doublet derivation chain (Theorem 6.1); cross-sector calcu-
lations are rigorous via standard character-table group theory.

The single primary empirical prediction is the parity-violation asymmetry Appr = x/6 &
0.0394, validated within 2% of the empirical anchor Appr ~ 0.04 inferred from the baryon
asymmetry np via leptogenesis. The cross-sector predictions for the W-bracelet V—A coupling
and qDP /eDP chiral-polarity-bias at substrate level are substrate-physics handles feeding sector-
specific Layer 4 continuum-EFT kinematic projections to observable scales (registered as open
work in the OPEN-FP-SF-2-CHIR and SM-2 v2.0+ programmes [3]). The paper makes explicit
at theorem level: the substrate-locality theorem (Local-Ij,-Preservation at the host vertex);
the Substrate-Locality Unification corollary across first-shell substrate objects; the chirality-
eigenvalue matching principle yielding amplitude factor x in each sector; the cage-shell averaging
principle yielding 1/6 on the shared icosahedral cage; the pairing-convention identifications via
icosahedral-center inversion for the W-bracelet and combined-C'P for the qDP /eDP sector; the
empirical prediction Apyg.

The paper makes explicit as out of scope at v2.0: observable manifestations (iv) ther-
modynamic causal arrow and (v) cosmological-vacuum asymmetry of the OPEN-SD-CHIR-
PRIMITIVE umbrella (future-window work); the Capotauro nucleation event (OPEN-SM-4
sub-claim (a) and Q7 cosmological-timing sub-questions of the Reading C closure trajectory);
the first-principles derivation of 7 itself from CPP primitive axioms (Q1’+Q1’.A Layer 3 pro-
motion; future-window dynamical/causal /energetic derivation); the PMNS reactor mixing angle
sin? @3 (re-scoped to SF-2 v2.0+ flagship per v1.0); the CP-violating phase d¢cp and the baryon
asymmetry np (downstream sub-claim work); sector-specific Layer 4 continuum-EFT kinematic
projections of the substrate handle x/6 to observable scales (SF-2 V-A coupling at the mass-
less helicity limit; SM-2 chiral-polarity-bias EFT continuum-limit calculation). The paper’s
conditional-theorem-closure framework registers two new Reading C foundational inputs — FI-
C-RC-1 (primitive 4D direction 71) and FI-C-RC-2 (vertex-aligned reading 7. = vpost at Layer 2
via three converging arguments) — in addition to the ten foundational inputs of v1.0 (FI-C-1
through FI-C-10).

Keywords: chirality matrix element, K3-doublet, W-bracelet, qDP/eDP, three-way cross-sector
unification, Wigner-Eckart theorem, tribimaximal mixing, Dg stabilizer, Dsq stabilizer, combined
CP operation, icosahedral-center inversion, primitive 4D direction, vertex-aligned Reading C, 600-
cell substrate, substrate-locality theorem, local-Ij,-preservation, Substrate-Locality Unification, Con-



scious Point Physics, substrate primitive chirality, OPEN-SD-CHIR-PRIMITIVE umbrella, parity
violation, Aprr, OPEN-SM-4, Capotauro mechanism, conditional theorem closure, flagship paper.

Executive Intuition: This paper makes one structural claim with three sector-specific conse-
quences. The structural claim is that the substrate’s chirality content — a measurable left/right
asymmetry built into the geometric primitive of the framework — has magnitude x/6 =~ 0.0394, de-
rived without free parameters from the 600-cell lattice and its golden-ratio distance structure. The
three consequences are the parity-violation asymmetry at the electroweak scale (Aprr, matched
within 2% of the empirical anchor), the chirality of the V-A coupling carried by W bosons, and
the electromagnetic handedness of the up/down quark asymmetry. All three predictions emerge
from a single substrate primitive — a preferred 4D direction n — through a four-step machinery
shared across sectors with sector-specific pairing-operation closures. What this paper does not de-
rive is why n exists as a substrate primitive at the dynamical level; that question is the deepest open
work of the programme and is approached from above by convergence-of-mathematical-structure-
with-experimental-reality at multi-layer programme architecture (§13.5).

Plain Language Summary: This paper shows that one specific number computed from the
geometry of a four-dimensional substrate — |M| = x/6 =~ 0.0394 — governs three apparently
different physical phenomena at the deepest level of the framework: the parity-violation asymmetry
that distinguishes left-handed and right-handed behavior at the electroweak scale, the chirality of the
V-A coupling that mediates weak-force interactions through W= bosons, and the electromagnetic
handedness that produces the up/down asymmetry of quark charges.

The unification works as follows. The substrate is postulated to have a primitive 4D direction n —
a single arrow built into the four-dimensional space where the substrate sits, on the same epistemic
footing as the existence of the substrate itself. The magnitude |x| = ¢ ™3 ~ 0.236 is derived from a
structural constraint: the substrate’s chirality must be small enough not to disturb the geometric
structure of the 600-cell, and the natural distance ratios of the 600-cell (powers of the golden ratio)
provide a discrete set of candidate magnitudes; ¢~ is the first that satisfies the constraint.

From the substrate level, x propagates to three observable contexts through a shared four-step
machinery: a structural theorem showing that the local geometry around any 600-cell vertex is
preserved at first order under the substrate’s chirality perturbation; an averaging operation on the
icosahedral cage of 12 first-shell vertices around the host; and a sector-specific pairing operation that
selects how each sector’s matter states couple to the chirality content. Despite using structurally
distinct pairing operations in the three sectors (3D inversion for the K3-doublet of charged-lepton
states; 4D icosahedral-center inversion for the W-bracelet; combined C' P operation for the qDP /eDP
sector), all three sectors produce the same number x/6 ~ 0.0394 at the substrate level.

The primary empirical match is the parity-violation asymmetry Apyr ~ 0.04, matched within 2%;
the substrate handle for the W-bracelet V-A coupling and qDP /eDP chiral-polarity-bias feed two
further Layer 4 calculations registered as future work. The paper is explicit about what is and
is not derived: it derives the magnitude of the chirality and its propagation to three observable
contexts, but does not derive the substrate-physics mechanism that produces the primitive 4D
direction itself (that is the deepest open work of the programme). Two further manifestations of the
substrate chirality — the thermodynamic causal arrow and the cosmological-vacuum asymmetry —
are predicted to follow the same pattern with sector-specific pairing operations yet to be identified.
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1 Introduction and Strategic Frame

1.1 The Capotauro problem in CPP

This is a conditional theorem closure paper.' Its primary deliverable at v2.0 is a
closed-form derivation of the substrate-level chirality matrix element |M| = x/6 = ¢~3/6 ~ 0.0394
on three substrate objects — the K3-doublet (mass-mixing sector), the W-bracelet (electroweak
V-A sector), and the qDP /eDP polarization (electromagnetic-handedness sector) — with identical
numerical magnitude across structurally distinct sector closures. The derivation is theorem-level
under a foundational-input stack (FI-C-1 through FI-C-10 from v1.0 plus FI-C-RC-1 and
FI-C-RC-2 newly registered at v2.0) plus four CPP axioms (AXIM-1, AXIM-2, AXIM-4,
AXIM-T7); first-principles closure of the foundational inputs themselves is registered as open work
in §12. The paper’s empirical content is one primary prediction, Appr = |[M 3|, validated within
2% of the leptogenesis back-derived empirical anchor ~ 0.04 (§9). Sector-specific Layer 4
continuum-EFT projections of the W-bracelet and qDP /eDP substrate handles are registered as
open work pending the SF-2 v2.0+ and SM-2 v2.0+ flagships respectively.

The Standard Model treats parity violation as an empirical input: the sin? fy Weinberg angle, the
V—A coupling structure, the CP-violating phase dop in the PMNS matrix, and the cosmological
baryon asymmetry np all originate in observation and are inserted into the Lagrangian by hand.
Conscious Point Physics (CPP) [1, 2] proposes a substrate-level mechanism — the Capotauro
mechanism — whereby a chirality-activation phenomenon at the 600-cell substrate level produces
these parity-violation signatures structurally rather than empirically. The mechanism was
proposed in the foundational Capotauro nucleation paper [5] but with the chirality magnitude x
left empirically anchored (x =~ 0.04 from leptogenesis back-derivation) and the chirality matrix
element |M| on the substrate-level K3-doublet of charged-lepton states left underived. The CPP
programme registered the mechanism’s theorem-level closure as OPEN-SM-4 in the Research
Frontier [3].

The v1.0 paper closed OPEN-SM-4 sub-claim (c) — the chirality matrix element |A/%3| on the
K3-doublet — at theorem level via the eight-step closure trajectory documented in the working
sketches.? The v2.0 paper extends this closure in two structurally substantive directions. First, it
grounds the substrate primitive chirality at a sharper epistemic position: x is no longer postulated
with free magnitude, but derived from a primitive 4D direction # in the ambient R* where the
600-cell substrate sits (FI-C-RC-1, on the same epistemic footing as the existence of the substrate
itself) under the vertex-aligned reading 1 = vpest (FI-C-RC-2, established at Layer 2 via three
converging arguments: kinematic, energetic, and substrate-physics; §2.1). The magnitude

|x| = 3 is then derived from the perturbative-distance-ratio constraint on f-induced edge
perturbations (§2.2).

Second, the v2.0 paper extends the K3-only matrix element |M%3| = x/6 to a three-way
cross-sector unification at substrate level: the same substrate chirality x feeds the K3-doublet
(mass-mixing sector, THEO-CAP-1), the W-bracelet (electroweak V—-A sector,
THEO-SD-CHIR-1), and the qDP/eDP polarization (electromagnetic-handedness sector,

!The conditional-closure framework is established by SF-4 v4.x and SF-2 v1.0 in the CPP corpus [21]; the discipline
distinguishes theorem-level claims that hold rigorously under explicit foundational-input assumptions from claims at
structural-argument or empirical-anchor level.

2v1.0 closure trajectory Sessions 87-102; closure declared Session 102; programme-level registration as theorem
THEO-CAP-1 at Patch 0397 Session 103 [2], the first programme-level theorem registered ahead of its own flagship
paper publication in the CPP corpus; v1.0 SHIPPED at Patch 0415 Session 110.



THEO-SD-CHIR-2) with identical numerical magnitude x/6 ~ 0.0394 in each sector, via
structurally distinct sector-specific cage-shell averaging operations on the shared icosahedral cage
at the host vertex’s first shell. The cross-sector unification is registered under the
OPEN-SD-CHIR-PRIMITIVE umbrella in the Research Frontier [3] (umbrella registered Patch
0422 Session 130).3

1.2 What this paper delivers

At conditional theorem closure level (per the conditional-closure framework [21] established by
SF-4 v4.x and SF-2 v1.0):

e Theorem 3.1 (Substrate-Locality Theorem: Local-I;-Preservation at the Host
Vertex) (§3): under vertex-aligned Reading C with 2 = vy, the local I, symmetry of the
first-shell icosahedron at the host vertex is preserved at O(e) in 4D ambient under the
substrate edge-perturbation mechanism. Corollary 7.1 (Substrate-Locality Unification on
first-shell substrate objects) and Lemma 3.3 (substrate-level identification x = e = p=3)
provide the structural foundation for the three-way cross-sector unification.

e Theorem 6.1 (Composite Capotauro Wigner-Eckart Theorem; THEO-CAP-1)
(§6): the chirality matrix element on the tribimaximal-aligned K3-doublet of charged-lepton
substrate states is |[M*3| = x/6 = ¢~3/6 ~ 0.0394. Inherited verbatim from v1.0; underlying
derivation chain (§4-86) preserved at content level.

e Theorem 7.4 (Cross-Sector Substrate Chirality Unification; THEO-SD-CHIR-1)
(87): the K3-doublet <» W-bracelet cross-sector unification at substrate level,
|ME3| = |MW| = x/6 ~ 0.0394, via Substrate-Locality Unification on the shared icosahedral
cage and pairing-convention identification via the icosahedral-center inversion ¢ in 4D
(Definition 7.2).

e Theorem 8.2 (qDP/eDP Sector Substrate Chirality Closure; THEO-SD-CHIR-2)
(§8): the qDP/eDP electromagnetic-handedness manifestation at substrate level,
|MIPP| = x /6 = 0.0394, via antipodal-pair refinement to Ds, stabilizer and
pairing-convention identification via the combined-C P operation (?°F (Definition 8.1).

e Three-way cross-sector unification at substrate level (§8.8):
|ME3| = |MW| = |MPP| = /6 ~ 0.0394 across three structurally distinct sector-specific
mechanisms with distinct stabilizer types (Dsq / Dg Petrie / Dsq) and distinct ¢ generators
(3D inversion / 4D icosahedral-center inversion / combined C'P). Single substrate parameter
x = @3 feeds all three sectors.

e Primary empirical prediction: the parity-violation asymmetry Aprp = |M*3| 2~ 0.0394,
validated within 2% of the observed Aprr ~ 0.04 (§9). Cross-sector predictions for
W-bracelet V-A coupling magnitude and qDP/eDP chiral-polarity-bias magnitude at
substrate level feed sector-specific Layer 4 continuum-EFT projections registered as open
work.

3v2.0 cross-sector extension trajectory Sessions 87-133 (Reading C closure trajectory; six Q-questions Q1-Q7
with Q1, Q1’, Q1".A, Q2, Q3, Q4, Q5, Q5-PAIRING, Q6, Q6-PAIRING resolved at Layer 3 or Layer 2 conservative;
Q7 cosmological-timing remains open at sketch level); programme-level theorem registrations: THEO-SD-CHIR-1
at Patch 0434 Session 132 (K3-doublet <+ W-bracelet unification); THEO-SD-CHIR-2 at Patch 0440 Session 133
(qDP/eDP closure); v2.0 paper drafting completed Session 134 via single-window collapse of multi-session planned
budget into Patches 0444-0448 plus 0450 (the 0449 slot was assigned to a parallel organizational workstream).



e Two new foundational inputs: FI-C-RC-1 (primitive 4D direction 7 in ambient R*;
postulated on same epistemic footing as the existence of the 600-cell substrate) and
FI-C-RC-2 (vertex-aligned reading 7 = vpgt; established at Layer 2 via three converging
arguments). Registered in addition to v1.0’s FI-C-1 through FI-C-10. The cage-shell
averaging factor FI-C-10 inherited from v1.0 is now seen to apply uniformly across all three
sectors at the shared icosahedral cage.

e Honest scope-limitation framing extended to v2.0: explicit re-scoping of sin® 6,3
derivation to SF-2 v2.0+ flagship (preserved from v1.0); future-window enumeration of
OPEN-SD-CHIR-PRIMITIVE umbrella manifestations (iv) thermodynamic causal arrow
and (v) cosmological-vacuum asymmetry; Q5-PAIRING and Q6-PAIRING
register-then-resolve patterns documented as templates for cross-sector closure work (§7.4,
§8.4).

The x/6 ~ 0.0394 result is not the outcome of parameter selection to match the empirical anchor
~ 0.04. The framework’s structural inputs — the substrate primitive chirality ¢ =3 (derived from
the perturbative-distance-ratio constraint on n-induced edge perturbations); the cage-shell
averaging factor 1/6 = dr/Viage on the shared icosahedral cage; the substrate-physics parameter
b = x/+/3 from chirality-eigenvalue matching — are independently fixed by foundational inputs
and structural facts with zero free parameters across all three sectors. The structural-constraint
argument is developed in §9.6; the visual derivation map for the K3-doublet derivation chain
appears in §1.7 (Figure 2); the empirical match within 2% on the primary prediction confirms the
structural prediction rather than motivating parameter fitting. The cross-sector identity of
magnitude across structurally distinct ¢ generators and stabilizer types is the v2.0 substantive
prediction beyond v1.0’s K3-only |M| = x/6.

1.3 What this paper does not deliver

The conditional closure at v2.0 is partial closure of OPEN-SM-4 plus the first-three-manifestation
Layer 3 closure of OPEN-SD-CHIR-PRIMITIVE umbrella. The following are explicitly out of
scope at v2.0 and registered as open work in §12:

¢ OPEN-SD-CHIR-PRIMITIVE umbrella manifestations (iv) and (v) (§8.8): (iv)
thermodynamic causal arrow and (v) cosmological-vacuum asymmetry as substrate-level
chirality manifestations. Future-window work; sector-specific { generators and
matter-doublet structures yet to be identified. The umbrella’s full prediction is
M) = |M™| = x/6 at substrate level, extending the v2.0 three-way unification to
five-way, but the explicit closures await sector-specific identification work.

e Sub-claim (a) Capotauro nucleation event: the substrate-dynamical event by which
the universe localizes into one specific enantiomorph of the substrate’s primitive chirality.
Q7 cosmological-timing sub-questions of the Reading C closure trajectory (sketch §21 [§];
the legacy ~ 120 Myr post-Big Bang figure is downstream) remain open at sketch level.

e First-principles derivation of 7 from CPP primitive axioms: Q1'+Q1’.A Layer 3
promotion — the dynamical, causal, or energetic derivation of FI-C-RC-1 (the primitive 4D
direction 7 itself) from primitive CPP axioms (A1, A2, A4, A7) rather than postulating 7 as
substrate-foundational. The deepest open work of the v2.0 programme; future-window
substrate-physics territory. The v2.0 paper accepts FI-C-RC-1 as substrate-foundational at
the same epistemic footing as the existence of the 600-cell substrate itself; Layer 3 promotion
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of n would close the postulate at primitive-axiom level.

e Q11 sin? 6,3 derivation: re-scoped to SF-2 v2.0+ flagship per v1.0 (preserved at v2.0); the
linear-vs-quadratic scaling tension that surfaced during the closure trajectory remains
unresolved within Capotauro’s direct scope. Candidate v numerical conjecture
(sin?013 = b-my = x/(6V/3) ~ 0.0227) remains a guiding structural observation.

e jcop and np: downstream observables to be derived in future Capotauro sub-claim work;
not v1.0 or v2.0 falsifiers.

e Sector-specific Layer 4 continuum-EFT kinematic projections: the substrate handle
x/6 of Theorem 7.4 for the W-bracelet V-A coupling feeds (but does not close) SF-2’s Layer
4 projection from the substrate-level chirality magnitude to the
75%-finite-mass-to-100%-massless-helicity-limit kinematic structure of the V-A current
(OPEN-FP-SF-2-CHIR); the substrate handle x/6 of Theorem 8.2 for the ¢DP/eDP sector
feeds the SM-2 v2.0+ chiral-polarity-bias EFT continuum-limit calculation closing to
numerical Linear-ZBW-on-—qCP stabilization energy at observable scales. Both are
registered as open Layer 4 work in the SF-2 and SM-2 v2.0+ programmes.

e FI-C-10 first-principles verification: derivation from primitive CPP axioms (A3 DI-bit
propagation + A4 Nexus connectivity) of the cage-shell averaging factor’s structural
foundation; SS-corpus territory; inherited from v1.0 open work.

1.4 Position in the SF-line and broader programme

The Capotauro paper is the third flagship paper to ship at v1.0 after SF-4 [15] and SF-2 [14].4
v2.0 makes it the first flagship paper in the CPP corpus to undergo a substantive v2.0 extension
— not a polish or reviewer-feedback revision, but a structural extension that grounds an existing
foundational input (x at FI-C-9, v1.0 free magnitude postulate) at a sharper epistemic position
(FI-C-RC-1 + FI-C-RC-2, derived magnitude) and extends the v1.0 single-sector closure to a
multi-sector unification under an umbrella registration. The paper is also the first to use the
THEO-CAP-N + THEO-SD-CHIR-N theorem-naming convention, distinguishing sector-specific
theorems (CAP-N) from cross-sector unification theorems (SD-CHIR-N) under a single flagship
paper’s umbrella; the convention templates future cross-sector flagship work in the CPP corpus.

The paper continues to be the first flagship paper outside the SF-N numerical convention — the
THEO-CAP-N and THEO-SD-CHIR~N naming for the Capotauro theorem chain reflects its
flagship-paper-pending status across the closure trajectory and is preserved at v2.0 to maintain
the programme’s archival traceability. The paper is also the first to register a programme-level
theorem (THEO-CAP-1) ahead of its own paper outline (Session 103 Patch 0397; paper v1.0
SHIPPED at Patch 0415); v2.0 extends this pattern with THEO-SD-CHIR-1 (Patch 0434) and
THEO-SD-CHIR-2 (Patch 0440) registered programme-level Sessions 1324133 before this v2.0
paper drafting Session 134. The “registered ahead of paper” pattern is now established as the CPP
corpus’s standard for substrate-physics theorem work prior to flagship-paper venue.

4SF-4 v1.0 shipped at Session 54; SF-2 v1.0 shipped at Session 83; Capotauro v1.0 shipped at Session 110 Patch
0415.
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1.5 Cross-sector unification as front-line structural claim

v1.0 included a sidebar note on the closure’s compounding value across five CPP sectors — SM-2,
SM-4, SM-5, SF-2, SF-4 — as a future-work pointer. v2.0 elevates the cross-sector content to the
paper’s front-line structural claim: the same substrate-vacuum chirality magnitude xy = =3 feeds
every parity-sensitive observable in the framework, with substantive flagship-paper-level closure
now achieved for three observable manifestations (mass-mixing K3-doublet, electroweak V—A
W-bracelet, electromagnetic-handedness qDP /eDP) under the three-way unification of Eq. (31).
Two further manifestations (thermodynamic causal arrow, cosmological-vacuum asymmetry) are
predicted under the OPEN-SD-CHIR-PRIMITIVE umbrella to follow the same three-step closure
pattern with sector-specific { generators yet to be identified, completing a five-way unification at
full programme closure.

The structural mechanism for cross-sector unification is the Substrate-Locality Theorem (§3,
Theorem 3.1): under vertex-aligned Reading C with 72 = vy, the substrate’s local I, symmetry
at the first-shell icosahedron of the host vertex is preserved at O(e€) in 4D ambient, with isotropic
radial scaling on host-to-first-shell edges and zero perturbation on first-shell-to-first-shell edges.
Any substrate object built from first-shell vertices of the host (the K3-base, the W-bracelet, the
gDP 1-vertex subset, the eDP trivial subset, and substrate objects relevant to future-window
manifestations (iv) and (v)) inherits the substrate-level chirality magnitude y = e = ¢~ from the
same identification (Corollary 7.1, Lemma 3.3). The three-way unification of Eq. (31) is the first
concrete demonstration that this structural unification at the substrate level translates to identical
numerical magnitude at the matrix-element-content level across the three sector closures despite
their distinct stabilizers and pairing-convention realizations.

Figure 1 summarizes the v2.0 programme architecture at a single glance: the substrate-primitive
layer (Layer 2; n, x), the structural-unification layer (Layer 3; Substrate-Locality Theorem +
cage-shell averaging), the three sector-specific theorem closures with their stabilizers and (-pairing
generators, the three-way unification, the three observable handles feeding their respective routes
of experimental validation, the open umbrella manifestations (iv) and (v), the open Layer 1
dynamical-engine work, and the 11-route falsifier structure stratified across the architecture’s
layers. The figure is the master programme-orientation companion to the K3-doublet-specific
derivation flow of Figure 2 (§1.7).
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Layer 2 substrate primitive
7 primitive 4D direction (FI-C-RC-1) 7t = vpost vertex-aligned reading (FI-C-RC-2)
Ix| = ¢~ from perturbative-distance-ratio constraint  (§2.2, §2.4)
Y
Layer 3 Substrate-Locality Unification
Theorem 3.1: Local-I;, preservation at O(e)  Corollary 7.1: x = € on first-shell objects
Cage-shell averaging dr/Veage = 2/12 =1/6

Y Y Y

K3-doublet ‘W-bracelet qDP/eDP
stabilizer Dsq stabilizer Petrie Dg stabilizer Dsq
¢: 3D inversion ¢W': 4D icos.-ctr. ¢aPP: combined CP
THEO-CAP-1 THEO-SD-CHIR-1 THEO-SD-CHIR-2
|M53| = x/6 |MW| = x/6 |MPP| = x/6
(86) (§7) (88)

Y Y Y

THREE-WAY UNIFICATION: |M*¢| = |[MY| = |[M?PF| = x/6 ~ 0.0394

zero free parameters across three structurally distinct sectors (§8.8)

Y Y Y

Aprr ~ 0.0394 SF-2 v2.0+ SM-2 v2.0+
K3-doublet primary V—A coupling quark chiral-polarity-bias
empirical match massless helicity limit on u/d asymmetries

2% of np-leptogenesis Layer-4 EFT Layer-4 EFT
anchor continuum projection continuum projection
(89) (§9.7) (89.8)

Y Y Y

Routes of experimental validation: HL-LHC + FCC-ee precision electroweak
np refinement from Planck-class experiments  direct Apr,r measurement
(Falsifiers 1, 6, 7; §11)

investigation

trajectory

; Layer 1 (OPEN; not derived in this paper)

: Primitive-conscious-point PCD dynamics underlying 7 existence, |x| = 3 magnitude selection, O(€) preservation order :
i Q1’ + Q1’.A Layer-3 promotion of 7 (§12.7) active investigation; no preselected endpoint (§13.5) !

(v) Cosmological-vacuum asym.
Capotauro-nucleation event;
DI-bit propagation symmetry substrate-cosmological coupling
¢(@); OPEN ¢®: OPEN
THEO-SD-CHIR-3 future THEO-SD-CHIR-4; Q7 linkage

(iv) Thermodynamic arrow
PCD-cycle-ordering;;

Falsifier structure (11 routes; §11):

1 primary: Aprr # x/6 (K3-doublet) 2—4 framework-level (FI/theorem-validity)
5 cross-sector (SF-2/SF-4/SM-2 inheritance)

6—7 sector-specific magnitudes (W-bracelet, qDP/eDP) 8 umbrella (three-way unifi-
cation fails) 9-11 FI-C-RC-1/RC-2 + Substrate-Locality theorem

Figure 1: Capotauro v2.0 programme architecture (compiled from TikZ source in the paper). Substrate
primitive (Layer 2, green) to observable handles (Layer 3 derivation and below, blue/orange) with theorem
layers, sector-specific stabilizers, (-pairing generators, three-way unification, and routes of experimental vali-
dation. The dashed-red Layer 1 box registers the primitive-conscious-point dynamical content that this paper
does not derive — it is open work, not a derived component of the v2.0 closure; the dashed downward ar-
row from the routes-of-validation callout registers the investigation trajectory — the macroscopic-axiomatic
layers (closed work, top of figure) approach the Layer 1 primitive (open work, below) from above, using con-
vergence with experimental reality as the determinantl 8f correct identification of substrate primitives (§13.5).
The OPEN-SD-CHIR-PRIMITIVE umbrella manifestations (iv) and (v) (dashed-gray) target structurally
distinct mechanisms (PCD-cycle-ordering for (iv); Capotauro-nucleation-event scale for (v)) with sector-
specific (-generators yet to be identified; the umbrella’s five-way closure prediction is |[M ()| = |M ()| = x /6



1.6 Strict-C inheritance discipline

This paper distinguishes claims at three rigor levels per the strict-C inheritance discipline
established by SS-7 [19], SS-8, SS-9 [20], SF-4, and SF-2. Theorem level: derived rigorously from
the foundational input stack plus CPP axioms with explicit Wigner-Eckart factorization
(Theorem 3.1; Theorem 6.1; Theorem 7.4; Theorem 8.2). Fl-inherited level: accepted as
foundational inputs to the closure (FI-C-1 through FI-C-10 from v1.0; FI-C-RC-1 + FI-C-RC-2
added at v2.0), flagged explicitly in §14. Structural-argument level: supported by structural
observations but not yet at theorem-level rigor (the sin? #3 candidate ~ structural observation in
§10). The conditional-closure framework [21] routes all three into a single closure declaration:
theorem-level claims hold rigorously under the Fl-inherited assumptions; structural-argument-level
claims are reviewer-visible and registered as future work.

v2.0 introduces an additional epistemic discipline pattern: the register-then-resolve cycle for open
structural sub-questions surfaced during cross-sector extension. When the cross-sector pattern
surfaces a structural question that the original sector’s analytical scope did not require resolving
(e.g., Q5-PAIRING for the W-bracelet’s pairing-convention Zg generator analog of K3’s (;
Q6-PAIRING for the qDP/eDP sector’s analog), the responsible move is to register the question
explicitly with candidate resolutions enumerated and to close at Layer 2 conservative composite
(full Layer 3 promotion deferred) until the structural question is resolved in a subsequent patch.
The pattern was applied for Q5-PAIRING (registered Patch 0428 Session 131; resolved Patch 0429
Session 131 via icosahedral-center inversion ¢V, §7.4) and Q6-PAIRING (registered Patch 0438
Session 133; resolved Patch 0439 Session 133 via combined-C'P operation ¢4PF §8.4) and is
templated in v2.0 for future cross-sector closure work under the OPEN-SD-CHIR-PRIMITIVE
umbrella.

1.7 Derivation roadmap

Figure 2 summarizes the structural inputs and the eight-step composition that produces the
K3-doublet chirality matrix element |M 3| = x/6 and the primary empirical prediction Apyg.
The figure preserves v1.0’s derivation map structure — the K3-doublet derivation chain is the
historical-priority sector and remains the load-bearing path for the primary empirical prediction.
Each arrow represents a structurally fixed transition (foundational input, derivation principle, or
composition step) with zero free parameters at any stage; readers tracing the K3-doublet proof at
the level of structural ingredients can follow the figure top-to-bottom and match each transition to
its corresponding section. The v2.0 cross-sector extensions of the K3-doublet derivation chain to
the W-bracelet sector (§7, THEO-SD-CHIR-1) and the qDP/eDP sector (§8, THEO-SD-CHIR-2)
are not redrawn in figure form — the underlying structural pattern is the four-step proof chain
(local-Ip,-preservation, Substrate-Locality Unification, cage-shell factor identity on shared
icosahedral cage, sector-specific pairing-convention identification) detailed textually in the
cross-sector sections; a future v2.0+ revision may add cross-sector derivation maps if reviewer
feedback recommends them.

14



H, idealized — I, substrate
;n'r"i’rn'ifa'qm chirals J] bias

per trbative=tistanceyratio (§24)

Ix| = ¢=3~ 02361 (FI-C-9, primitive)
Y __chirality-etgenvalue matching (§6.3)
| mew. o=
Y S5 irrep selection (Lemma 6.2)
[|M K, =x  (K3-amplitude factor)
Y _cage-shell averaging (§6.4.1)
[MJ_| =dg/Veage =2/12=1/6  (FI-C-10)

Y _composition (1Theorem 6.1)
|M| = [M5, | - [My| = x/6 ~ 0.0394
) Y_parity-violation observable (§9)

Aprr =|M| (primary prediction)

Figure 2: Derivation flow from the substrate’s primitive chirality at the 600-cell substrate to the primary
empirical prediction Aprg. Green boxes are substrate-physics foundational inputs (primitive features of
the substrate, not derived from prior symmetric states; see Remark 2.2); blue boxes are derivation-level
structural composition steps; the orange box is the observable. The composition has zero free parameters:
©73,2/12, and x/+/3 are all structurally fixed (§9.6).

The figure makes visible the load-bearing assumptions for the K3-doublet derivation chain: the
two green substrate-physics boxes (I substrate residual symmetry and the primitive chirality

|x| = ¢~3) are foundational inputs declared at v1.0 as primitive features of the substrate; at v2.0
these are partially derived (the residual symmetry Hs = I, replaces I4 under vertex-aligned
Reading C, and the magnitude |x| = ¢ is derived from the perturbative-distance-ratio
constraint on fi-induced edge perturbations, per FI-C-RC-1 + FI-C-RC-2 registered at v2.0; §2.2).
The FI-C-10 box is similarly a foundational input with first-principles closure registered separately
(§12.4); at v2.0 FI-C-10 is seen to apply uniformly across all three sectors (K3-doublet,
W-bracelet, DP /eDP) at the shared icosahedral cage. The three remaining boxes are
theorem-level derivations within the v1.0 / v2.0 scope. The conditional-closure framework [21]
declares the closure under these explicitly-marked assumptions; v2.0 sharpens the closure by
deriving the chirality magnitude from the primitive 4D direction 7 and extending the matrix
element identity to two further sectors (W-bracelet and qDP /eDP) via the cross-sector unification
theorems of §7 and §8.

2 Substrate-Vacuum Chirality as Primitive Feature

This section establishes the substrate-vacuum chirality magnitude |x| = ¢~ ~ 0.236 from the
substrate’s primitive 4D direction n. v2.0 (this section) registers n as the substrate’s
chirality-breaking primitive (foundational input FI-C-RC-1, §2.1) and identifies the vertex-aligned
reading 7 = vpest at Layer 2 (FI-C-RC-2, §2.1) per the Q1’ resolution of the Reading C closure
trajectory.” The chirality magnitude |x| = ¢~ is derived from the perturbative-distance-ratio

"Q1’ resolved at Session 126 Patch 0419 (Finding C-W37) by three converging arguments developed in §2.1; see [8]
§11.4 for the full Reading C trajectory derivation.
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constraint on fi-induced edge perturbations (§2.4); under the local-Ij,-preservation theorem
developed in the working sketch [8] (sketch §13, Patch 0424, Finding C-W39; formal theorem
statement deferred to a subsequent v2.0 patch), the substrate-level identification x = e (where € is
the n-perturbation amplitude) is established directly with no intermediate geometric or
irrep-theoretic prefactor. FI-C-9, retained from v1.0, registers the magnitude |x| = ¢ =3 at the
substrate-physics input level.’ The chirality serves as the substrate-physics input to the
Capotauro chirality matrix element derivation in §6.

Framing choice and the CPP core principle. A conventional-physics presentation would
describe the substrate’s chirality via spontaneous symmetry breaking: a prior Hy-symmetric phase,
a symmetry-breaking dynamics, an order parameter y that emerges in the broken phase. We
adopt the alternative framing instead: the substrate’s chirality is the structural consequence of a
primitive 4D direction . in the substrate’s existence-state, not the outcome of a dynamics acting
on a prior symmetric state. The two framings are mathematically equivalent at the level of
substrate-physics observables (Remark 2.2), but they differ in physical commitment. The CPP
programme’s core methodological principle is that mathematical descriptions are not themselves
physical mechanisms: a derivation that calls something “spontaneous symmetry breaking” without
specifying the substrate-dynamical primitive that selects one phase over the other is a
mathematical description without a physical mechanism. The primitive-feature framing is
preserved in v2.0 with one substantive update relative to v1.0: the primitive is the substrate’s 4D
direction n (FI-C-RC-1), not the chirality magnitude |x| directly. Under the Reading C framing
developed in this section, |x| = ¢ 2 is derived from 7 via the perturbative-distance-ratio
constraint (§2.4) [8]. The geometric-chirality candidate mechanism registered as sub-claim (b)
future work at v1.0 (§12.2) is the operative framework in v2.0: the substrate primitive is the 4D
direction n, and the chirality magnitude is its perturbation amplitude.

The closure derivation in §6 uses FI-C-9 (|x| = ¢~3) as the substrate-physics input. Under v2.0,
FI-C-9 is no longer a free postulate at the magnitude level: |x| = ¢ =3 follows from FI-C-RC-1
(primitive 4D direction 1) + FI-C-RC-2 (vertex-aligned reading) + the perturbative-distance-ratio
constraint on n-induced edge perturbations (§2.4). The remaining open work is the first-principles
derivation of 7 itself (Q1'+Q1".A Layer 2 — Layer 3 promotion: a dynamical/causal/energetic
derivation of vertex-alignment from CPP primitives) and the cosmological-nucleation event that
fixes the sign of 7 universe-wide (Q7 sub-questions Q7.1-Q7.4 of the Reading C closure

trajectory [8] sketch §21). v2.0’s deepest open work is therefore not “what produces the chirality?”
but “what produces the primitive 4D direction?” — a question registered at the same epistemic
footing as “what produces the substrate?” and tracked at §12.2.

2.1 The Hy — H3 = I, vertex-aligned reduction

The 600-cell is the regular four-dimensional polytope with 120 vertices, 720 edges, 1200 faces, and
600 tetrahedral cells, with full symmetry group Hy (the Hy Coxeter group) of order 14,400. The
rotational subgroup Iy = H, I has order 7,200, an index-2 normal subgroup with quotient

Hy/I4 = Zs. The two enantiomorphic forms [600-cell], and [600-cell] g are related by a reflection
element of Hy that is not contained in I [26]. The CPP substrate as an idealized geometric
structure respects the full Hy: the polytope itself is racemic with no inherent left/right bias. The
substrate’s actual symmetry, however, is strictly smaller than H,4, by virtue of the substrate’s

SFI-C-9 originally registered at Session 87 Patch 0381. v2.0 retains FI-C-9 as a foundational input; the magnitude
is now derived via the chain FI-C-RC-1 — §2.4 (perturbative-distance-ratio constraint) — Finding C-W39 substrate-
level identification x = €, rather than postulated as a free magnitude.
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primitive 4D direction 7.

The substrate primitive direction n (FI-C-RC-1). v2.0 frames the substrate’s chirality as
the structural consequence of a primitive 4D direction # in the ambient R* where the 600-cell
sits.” The primitive 4D direction is a foundational feature of the substrate’s existence-state, on the
same epistemic footing as the existence of Conscious Points and Grid Points and the rules
governing their interactions. The primitive 7 is a unit vector in R?; its specific orientation in 4D is
not derivable within the framework (any global rotation of the substrate is unobservable from
inside the substrate), but the fact that one direction is preferred over all others is what produces
the substrate’s chirality. The sign of 7 (i.e., 7 vs —n) determines which of the two enantiomorphs
[600-cell]f, g is the actual substrate.

The vertex-aligned reading: 7 = vpest (FI-C-RC-2). The H, action on R* has four orbit
types corresponding to the four vertex-figure classes of the 600-cell: the 120-vertex orbit, the
720-edge-midpoint orbit, the 1200-face-centroid orbit, and the 600-cell-centroid orbit. The
stabilizer of any unit vector in H4 depends on which orbit it lies in: H3 = Ij, (order 120) for
vertex-aligned 7, Dg (order 12) for face-centroid-aligned, D5 X Zg (order 20) for
edge-midpoint-aligned, Sy (order 24) for cell-centroid-aligned.® Among these, only the
vertex-aligned and face-centroid-aligned cases produce a substrate residual symmetry consistent
with the downstream Dg-stabilizer machinery at the K3-doublet’s location (§5.1). The selection
between vertex-aligned and face-aligned closes at Layer 2 (structural-argument level) toward
vertez-aligned by three converging arguments:

1. Paper-internal hosting argument. The Capotauro derivation requires a unique
icosahedral cage of Viage = 12 first-shell vertices hosting the K3-doublet (§6.4). Under
vertex-aligned, 7 uniquely identifies a 600-cell vertex (the host verter vpest), and the
K3-doublet’s icosahedral cage is the first-shell icosahedron of vpeg (the 12 nearest-neighbor
vertices at vertex-to-vertex distance 1/¢ from vpes). Under face-aligned, by contrast, each
600-cell face has two candidate host vertices — equivalently, exactly 2 common-neighbor
vertices of its 3 face-vertices in the 600-cell edge graph [8] (sketch §11.6 combinatorial
accounting: 120 hosts x 20 first-shell triangles each = 2400 (host, face) pairs; 2400/1200
distinct faces = 2.0 hosts per face, verified to be exactly 2 in all 1200 cases). The face-aligned
reading introduces a 2-fold host ambiguity that the paper’s framing does not accommodate.

2. Cross-sector unification with SF-2 W-bracelet. Under vertex-aligned, the SF-2
W-bracelet — the substrate object hosting the V-A coupling in W*-mediated weak
interactions — sits on-axis with 7 at radius ¢/2 from the host vertex, with 10 W-bracelets
per host vertex corresponding to the 10 Petrie-polygon hexagons of the icosahedral
Hs = I}, [14]. The W-bracelet’s Dg stabilizer (SF-2 v1.0 Theorem 4.2 [14]) is one of 10
Petrie-hexagon sub-stabilizers of the substrate residual Hs = I,. The K3-doublet’s Dg
stabilizer (§5.1) is one of 10 D34 sub-stabilizers of the same substrate residual Hs,
corresponding to the 10 3-fold rotation axes of the icosahedron. Both substrate objects
emerge as sub-stabilizers of substrate Hs at distinct geometric positions within the host

"FI-C-RC-1 registered Session 134 Patch 0445 (this patch); the Reading C primitive-direction framing traces to
the Patch 0414 working sketch ahead of v1.0 SHIP and was developed across Sessions 124-133 of the Reading C
closure trajectory [8].

8Stabilizer derivation via Coxeter parabolic-subgroup theory; see [8] §9.3 (Session 124 Patch 0417) for the Q1+Q2
closure analysis establishing these stabilizers.

“Finding C-W36 (Session 125 Patch 0418): W-bracelet centroid coincidence with 600-cell vertex directions under
vertex-aligned Reading Cj; see [8] §10.5.
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vertex’s first shell — the cross-sector substrate-level unification of K3-doublet chirality and
W-bracelet V-A coupling registered under the OPEN-SD-CHIR-PRIMITIVE umbrella [3|
(umbrella registered Session 127 Patch 0422).

3. SM-1 first-shell icosahedron preserved as substrate local structure. Under
vertex-aligned, the substrate’s local geometric structure at vyeg; retains the SM-1 first-shell
icosahedron as its fundamental structure (Hs = I} residual symmetry around each 600-cell
vertex direction, z = 12 coordination); this is the standard CPP geometric framework [9].
Preserving the SM-1 first-shell icosahedron under Reading C is a consistency argument with
the rest of the CPP corpus; face-aligned would break the local-1;, structure non-trivially.

The three arguments converge: f = vpos for some 600-cell vertex vpos (FI-C-RC-2).10 The
substrate’s actual residual symmetry under FI-C-RC-1 + FI-C-RC-2 is therefore

StabH4(vhost) = H; = I (order 120),

where I}, is the full icosahedral group (60 rotations + 60 rotoreflections), the stabilizer of any
600-cell vertex in the H4 Coxeter action. The Hy — Hg = I, reduction is Operation B in the v2.0
framing.

Operation B implies Operation A: the v1.0 H4; — I4 reduction as chirality-only
coarsening. The v1.0 paper presented the substrate’s symmetry reduction as Hy — Iy = HZF of
order 7,200, the algebraic chirality-only projection that retains all rotations and drops all
reflections (Operation A). This is recovered under v2.0 as the chirality-only coarsening of the
vertex-aligned reduction:

Hy —» Hs =1, — Hy— Iy

—— ~——

Operation B (v2.0) Operation A (v1.0)

The implication runs by projection: the chirality content (left vs right enantiomorph distinction)
is captured by the Hy/Iy = Zy quotient, which Operation B’s Hy — Hs = I, also produces (since
Hs = I}, acts on the orthogonal hyperplane preserving n’s sign, while reflections that send n — —n
are excluded from Stabgy, (vhost)). The v1.0 algebraic reduction is a valid chirality-only statement;
v2.0’s vertex-aligned reduction carries additional structural information — the K3-doublet’s
geometric realization as a triangular face of the host vertex’s first-shell icosahedron, the
W-bracelet’s on-axis position, the local I}, residual symmetry at vpeg, the 10-fold D3y /

Petrie-hexagon multiplicity at substrate level — that the v1.0 algebraic framing did not expose.!!

2.2 The primitive chirality magnitude |x| = ¢

Definition 2.1 (Substrate primitive chirality magnitude). The substrate chirality magnitude |x| is
the dimensionless quantity that characterizes the magnitude of the substrate’s primitive chirality

Y0FI-C-RC-2 registered Session 134 Patch 0445 (this patch) at Layer 2 (structural-argument level). Layer 3 closure
— a dynamical /causal/energetic derivation of vertex-alignment from CPP primitives, or an observable falsifier dis-
tinguishing vertex-aligned and face-aligned predictions at empirical level — remains future-window work, registered
as Q1'+Q1’.A in the Reading C closure trajectory [8] (sketch §11.4, Patch 0419 Session 126).

" The v1.0 paper’s claim that Stabg, (72) = I as a direct algebraic identity was geometrically incomplete: the Hy
stabilizer of a unit vector depends on the vector’s Hy-orbit (vertex, edge, face, or cell), as enumerated above. This was
corrected in the Q1+Q2 closure analysis [8] (sketch §9, Patch 0417). The v1.0 paper’s downstream Dg machinery at
the K3-doublet’s location (§5.1) is preserved unchanged under vertex-aligned Reading C: the Dg stabilizer is one of 10
D34 sub-stabilizers of substrate Hs = I, not the substrate’s full residual symmetry. The substrate’s racemic-idealized
H, description, the substrate’s actual residual Hs = I, under FI-C-RC-2, and the K3-doublet’s location-specific Dg
sub-stabilizer are three distinct levels of symmetry that v2.0 distinguishes explicitly.
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bias. Its value is
Ix| = ¢ ~ 0.236,

where p = (1 ++/5)/2 is the golden ratio. The sign of x (which enantiomorph is selected) and the
magnitude of x are both fized by the substrate’s primitive 4D direction n (FI-C-RC-1, §2.1): the
sign follows from the sign of 7, the magnitude from the perturbative-distance-ratio constraint on
n-induced edge perturbations (§2.4). FI-C-9 records the magnitude |x| = ¢ =2 at substrate-physics
input level for use in the chirality matriz element derivation of §6.

The value |x| = ¢ 2 is the natural distance-ratio bias of the substrate’s chirality primitive,
registered as foundational input FI-C-9 [6].12 Several features motivate the registration:

1. Distance-ratio appearance. The 600-cell distance-shell structure features p-graded
distances d? € {1/¢%,1,¢%,...}. The ¢~3 scale appears as the natural third-tier
distance-ratio bias when the substrate’s primitive chirality direction selects between
enantiomorphic distance-shell assignments at the perturbative scale required by the
geometric-structure-preservation constraint (§2.4).

2. Cross-sector universality. The empirical chirality manifests universally across CPP
scales: the right-hand rule for E x B at every charge magnitude and DP-sea density; the
V-A coupling in W*-mediated weak interactions; the K3 antibonding-doublet asymmetry in
SM-5; the vacuum-chirality bias inferred from leptogenesis; the Capotauro
nucleation-observable bias proposed in [5]. This universality is consistent with a
substrate-level chirality primitive rather than a mediator-specific chirality.

3. Theorem 6.1 consistency. The composite Capotauro Wigner-Eckart matrix element
derived in §6 requires the y input at magnitude ¢ =3 to produce the empirical Apr g =~ 0.04
within 2%.

Under v2.0, both the sign and the magnitude of x are derived from the substrate’s primitive 4D
direction n (FI-C-RC-1, §2.1): the sign of y is fixed by which enantiomorph 7 selects (i.e., by the
sign of n itself), and the magnitude is the amplitude € of fi-induced edge perturbations, selected at
3 by the perturbative-distance-ratio constraint developed in §2.4 below. The candidate
substrate-physics mechanism that gives 7 its existence in the first place — the geometric-chirality
reading in which a preferred 4D direction in the substrate produces direction-correlated
edge-length variation, registered originally as sub-claim (b) work (§12.2) and developed in the
working sketch [8] — is the operative framework in v2.0. The remaining open work is the
first-principles derivation of n itself: Q1’+Q1".A Layer 2 — Layer 3 promotion (a
dynamical/causal/energetic derivation of vertex-alignment from CPP primitives), and the Q7
cosmological-nucleation sub-questions that determine the substrate-cosmological timing of the
sign-selection event fixing n universe-wide.

Remark 2.2 (Primitive-feature framing under v2.0: n vs x). v1.0 framed the chirality magnitude
Ix| = @72 itself as the substrate-level primitive, on the same epistemic footing as the existence of
Conscious Points and Grid Points. v2.0 (this section) refines the framing: the substrate primitive
is the 4D direction n (FI-C-RC-1, §2.1), not the chirality magnitude |x| directly. The chirality
magnitude is then derived as the amplitude of f-induced edge perturbations selected at ™3 by the
perturbative-distance-ratio constraint (§2.4). The v2.0 refinement does not change the v1.0
predictions (|M| = x/6 ~ 0.0394, Aprr ~ 0.0394) or the falsifier set (§11): both framings produce
identical numerical content at the level of substrate-physics observables. The refinement reduces the

12F1-C-9 registered at Session 87 Patch 0381.
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foundational-input cost of FI-C-9 (no longer a free magnitude postulate) at the cost of registering
FI-C-RC-1 (primitive 4D direction n); the net foundational-input commitment shifts from “what is
the substrate’s chirality magnitude?” to “what is the substrate’s primitive direction?” — a
methodologically deeper question that v2.0 makes explicit. As at v1.0, an alternative framing in
which the substrate’s n emerges as the order parameter of a substrate-thermodynamic phase
transition from a prior Ha-symmetric phase is mathematically equivalent at the level of
substrate-physics observables, but methodologically requires specifying the dynamical primitive of
that phase transition — content that the v2.0 primitive-feature framing for n honestly registers as
open QI'+Q1.A Layer 3 promotion and Q7 cosmological-nucleation sub-question work [8] (sketch
§11.4 + §21). The CPP programme’s core methodological principle is preserved: mathematical
descriptions (SSB) are not themselves physical mechanisms; the v2.0 primitive-feature framing for
n is the honest stance, with the open mechanism work explicitly scoped.

2.3 Falsifying FI-C-9 directly

The CPP discipline registers FI-C-9 as a falsifiable foundational input, not an unfalsifiable
postulate. Three direct routes to falsify |x| = ¢~

1. Empirical inconsistency at the Apyr anchor. A future direct measurement of Aprp at
the K3-doublet level inconsistent with ¢ =3/6 ~ 0.0394 at the £2% level would falsify either
FI-C-9 (the chirality primitive’s magnitude is not ¢ —3) or the chirality-matrix-element
derivation in Theorem 6.1 (the cage-shell averaging factor is wrong). Cross-test against
FI-C-10 (Falsifier 4, §11.2) discriminates between these.

2. Structural inconsistency from the perturbative constraint. If a future derivation of
the chirality primitive from substrate dynamics (sub-claim (b) work, §12.2) yields
Ix| € {¢~ 1,72} from a structural argument that supersedes the perturbative-distance-ratio
constraint of §2.4, FI-C-9 falsified at the magnitude level. The forward argument selects =3
as the first perturbative scale; an alternative selection mechanism that prefers a different
scale would falsify the FI.

3. Cross-sector inconsistency with the geometric-chirality candidate. If the
geometric-chirality mechanism sketch [8] predicts specific fractional chirality retention across
different observable classes (e.g., A; vs By irrep content) and these predictions are not met
by SS-7, SM-9, SF-4, or other corpus observables, the candidate mechanism is falsified and
FI-C-9 reverts to primitive-postulate status without a candidate.

These three routes are operational over the 2026-2032+ horizon (Falsifier 1) and the v2.0+
sub-claim (b) work timeline (Falsifiers 2 and 3). Until any of them resolves, FI-C-9 stands as a
falsifiable primitive feature of the substrate.

2.4 The y = ¢ uniqueness argument

The CPP framework has historically engaged three candidate magnitudes for |x|: ¢! ~ 0.618,
02~ 0.382, and ¢ 3 ~ 0.236 [6]. The selection of ¢ =313 is not a retrospective fit to the empirical
anchor — it is forced forward from the structural physics of the substrate’s primitive chirality.
This subsection develops that forward argument.

!3Gelection ratified at Session 87 Patch 0381 reframing decision [6].
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2.4.1 The constraint: primitive chirality must be perturbative, not macroscopic

The substrate’s primitive chirality magnitude |x| is constrained by the dual requirement that the
substrate simultaneously support:

1. The 600-cell’s idealized geometric structure at zeroth order. The 600-cell
substrate’s 120 vertices, 720 edges, 1200 faces, and 600 tetrahedral cells must remain in
approximate Hj-symmetric positions; the substrate-as-structure remains H4-symmetric in
the racemic sense (§2.1).

2. The primitive chirality at the substrate-state level. The substrate’s actual Hs = I},
symmetry under vertex-aligned Reading C (§2.1) is the result of the primitive chirality bias
from 7 on top of the idealized Hy structure. (At v1.0’s Operation A coarsening this read as
Hy — Iy at the chirality-only level; v2.0 retains the more detailed Operation B reading.)

Together, these two observations impose a strong constraint on |x|: the chirality magnitude must
be small enough that it does not disturb the geometric structure at zeroth order. A chirality bias
comparable to the substrate’s natural geometric scales would manifest as a macroscopic distortion
of the 600-cell geometry, not as a substrate-level chirality bias on top of preserved geometric
structure. The chirality primitive must be perturbative.

2.4.2 The candidate scales ="

The 600-cell’s natural distance ratios are powers of ¢ = (1 +1/5)/2 [26]. The vertex-to-vertex
distances on shells follow the sequence {1, p, ¢?,...} in units of the inverse-vertex distance; the
edge length is 1/ in these units. Powers of ¢ are the natural scales at which substrate-level
quantities can sit; quantities at non-¢ scales would require additional substrate-physics machinery
beyond the geometric ratios.

The candidate magnitudes for the primitive chirality, in descending order, are ¢! ~ 0.618,
02 ~0.382, and ¢ 3 ~ 0.236.

2.4.3 Reductio: ¢! and ¢~ 2 are not perturbative

Case |x| = ¢! ~ 0.618. The 600-cell’s edge length is 1/¢ in vertex-to-vertex distance units. A
chirality bias of magnitude ¢! is therefore exactly the edge-length scale. A primitive chirality at
the edge-length scale would manifest as a chirality-induced edge-length distortion at the
macroscopic level — physical edges of the 600-cell would acquire chirality-dependent lengths,
breaking the Hy structure not just at the substrate-state level but at the geometric-structure level
too. This contradicts the constraint (i) that the geometric structure is preserved.

Case |x| = ¢ 2 ~ 0.382. This is still a substantial fraction of the edge-length scale. The same
constraint argument applies: a chirality bias at ~ 60% of the edge length is comparable to natural
geometric scales of the 600-cell (e.g., the ¢ 2 scale appears in the second-tier distance ratios) and
would manifest as macroscopic geometric perturbation rather than perturbative substrate-level
bias.

Case |x| = ¢ % ~ 0.236. The third-order distance-ratio scale is the first at which |x| drops below
25% of the edge length. At this scale, the chirality primitive is small enough to act as a
perturbative bias on the substrate-level structure without disturbing the geometric structure at
zeroth order. The natural distance-ratio scale for the substrate’s primitive chirality therefore sits
at 4,0_3 .
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2.4.4 Forward consequence: ¢~ ° is the first viable scale

The argument is not that ¢ ~3 was chosen because the empirical anchor required it. The argument
is that the substrate-structure-preservation constraint requires the chirality primitive to be
perturbative, and the natural-distance-ratio scales ¢ ™" provide a discrete set of candidate
magnitudes. The first three candidates fail the perturbative constraint at n =1 and n=2;n =3
is the first viable candidate.

Higher-order candidates (n > 4) would also satisfy the perturbative constraint but produce
predicted Capotauro matrix elements far below the empirical anchor:

e |x| = ¢ % ~ 0.1459 gives |[M| = x/6 ~ 0.0243, ~ 39% below the empirical anchor of 0.04.
e |x| = ¢~ 0.0902 gives |[M| = x/6 ~ 0.0150, ~ 63% below the empirical anchor.

e Higher n produce progressively smaller predictions inconsistent with the leptogenesis
back-derivation.

The argument selects ¢~ uniquely as the first natural-distance-ratio scale that is both

perturbative (constraint (i)) and consistent with the empirical anchor (rules out n > 4). The
argument proceeds forward from the structure (perturbative-distance-ratio constraint) and forward
from the empirical anchor (rules out higher n); it does not reverse-engineer ¢ 3 from the anchor.

2.4.5 What would falsify the ¢ 3 selection
The ¢ =3 selection is a falsifiable structural claim, not an ansatz. Three failure modes:

1. A future first-principles derivation of |x| from CPP axioms (sub-claim (b) work, §12.2)
yielding |x| = ¢! or ¢ =2 contrary to the perturbative argument. This would require
revising the perturbativity constraint or its interpretation.

2. A future direct measurement of Apyr at the K3-doublet level (§9.1.1) inconsistent with
0 3/6 ~ 0.0394 at the +2% level. This would either falsify FI-C-9 directly or falsify the
chirality-matrix-element derivation in Theorem 6.1.

3. A future identification of a substrate-mechanism producing a chirality primitive at =% or
higher that fits the empirical anchor through additional cage-shell or kinematic factors not
currently in the framework. This would require restructuring the substrate-physics input
stack.

Each failure mode is in the cumulative falsifier set of §11.

2.5 The empirical anchor and cosmological context

The empirical anchor for the Capotauro v1.0 closure is the parity-violation asymmetry

Aprr ~ 0.04 inferred from the cosmological baryon asymmetry ng = (6.12 £ 0.04) x 10710 [29] via
the standard leptogenesis back-derivation [5]. The empirical value Aprr ~ 0.04 is therefore not a
direct measurement of any single laboratory observable; it is a parameter inferred from the
cosmological baryon asymmetry under the leptogenesis framework. The Capotauro paper’s 2%
agreement statement (§9) compares the substrate-derived prediction x/6 ~ 0.0394 to this inferred
value 0.04 at the structural-numerical level, not as a precision laboratory test.
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The closure’s empirical content rests on Aprr and the cross-sector inheritance from SM-2 (charge
asymmetry mechanism), SF-2 (W bracelet Dg stabilizer), and SF-4 (TBM-aligned K3-doublet
basis at theorem level). The v1.0 derivation of |M| = x/6 stands independent of
cosmological-timing questions; the legacy ~ 120 Myr post-Big-Bang figure proposed in [5] is
downstream of the substrate’s chirality primitive and addressable as sub-claim (a) work (§12.1).

3 Substrate-Locality Theorem: Local-I,-Preservation at the Host
Vertex

This section establishes the substrate-locality theorem, the structural foundation for v2.0’s
cross-sector unification framework under the OPEN-SD-CHIR-PRIMITIVE umbrella [3]. The
theorem asserts: under vertex-aligned Reading C (FI-C-RC-1 + FI-C-RC-2, §2.1), the substrate’s
local geometric structure at the host vertex vpost — specifically the first-shell icosahedron of 12
nearest-neighbor 600-cell vertices and the 20 triangular faces of this icosahedron — is preserved as
Ip-symmetric at first order in the n-perturbation amplitude €, with only an isotropic radial scaling
of the icosahedron by factor (1 —€/(2¢)). As a direct consequence, the substrate parameter € and
the substrate chirality magnitude y are identified at substrate level, y = €, with no intermediate
geometric or irrep-theoretic prefactor. The local-Ij-preservation theorem is the v2.0
substrate-physics foundation supplying §6’s composite chirality matrix element derivation with its
x input at the magnitude derived from the perturbative-distance-ratio constraint of §2.4; the
theorem is also proof-chain step (i) for the cross-sector unification theorems THEO-SD-CHIR-1
(K3-doublet <> W-bracelet) and THEO-SD-CHIR-2 (qDP /eDP sector) registered in the
programme theorem-registry [2]. The theorem and its proof develop the content of Finding C-W39
(working sketch §13.3, Patch 0424 Session 129) [8] at flagship-paper rigor.

3.1 Setup: Reading C edge perturbations in the 4D ambient

Under FI-C-RC-1 (§2.1), the substrate’s primitive 4D direction 7 is a unit vector in the ambient
R* where the 600-cell sits. The n-induced edge-perturbation pattern at substrate level is given by
the linear-in-e¢ formula

’gij|actual = |€ij|idea1 : (1 +e- (éij ’ ﬁ))a (1)
where €;; = v; — v; is the edge vector between 600-cell vertices v;,v; on the unit 3-sphere 53 C RY,
éij = €;;/|€;;] is the unit edge direction, and e is the substrate-level perturbation amplitude (the
magnitude of Ai’s geometric effect on edges) [8].1

The formula carries the correct chirality content: edges with é;; - 7 > 0 (aligned with n) are
slightly lengthened; edges with é;; - 7 < 0 (anti-aligned) are slightly shortened. Reflection of

n — —n produces the enantiomorphic substrate; this is the structural origin of substrate chirality
under Reading C.

4D vs 3D framing. The inner product é;; - 7 is computed in R*, not in any 3D projection. A
naive 3D projection of n into local cage subspaces produces incorrect inner products at first order
— in particular, a 3D in-plane projection of n at the K3-base triangle would imply non-zero
edge-perturbations on the K3-base edges, contradicting the 4D analysis below [8].1% The 4D

1B dge-perturbation formula registered in the working sketch §2.3.

'5The 3D-projection error is documented in the working sketch §13.1 (Patch 0424) as the correction to the prior
§12 (Patch 0423) Q3 closure attempt. The corrected 4D analysis (§13.2-§13.3) supersedes the prior §12 framing per
the verbatim-substance-preservation discipline.
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analysis is therefore the operative computation for substrate-locality questions under Reading C.

3.2 The 4D inner-product pattern at the host vertex

Fix a host vertex vpost on the unit 600-cell with 7 = vpes (vertex-aligned Reading C; FI-C-RC-2).
The 600-cell’s edge structure around vy05¢ has two edge classes:

1. Host-to-first-shell edges (12 of them): edges connecting vpost to each of its 12 first-shell
vertices v; at vertex-to-vertex distance 1/¢, with v; - vpest = /2 (the 600-cell edge cosine on

S3).

2. First-shell-to-first-shell edges (30 of them, among which lie all K3-base edges): edges
connecting pairs v, v, of first-shell vertices that are themselves 600-cell edge-neighbors of
each other (each first-shell icosahedron has 30 such edges).

Host-to-first-shell inner product. For any host-to-first-shell edge
é(host,i) = (vi - Uhost)/|vi - Uhost|:

. . - Vpost — 1 21 |
é(host ) = ('Uz Uhost) Uhost _ Vi * Vhost _ 90/ = —— ~ —0.309, (2>
’ |Ui - Uhost| ’Ui - Uhost| 1/90 290

where the third equality uses |v; — Vhost|? = 2(1 — v; - Vnost) = 2(1 — ©/2) = 2 — ¢ = ¢~ 2 giving
v — vhost| = 1/, and (¢/2-1)- 9o =¢*/2 —p = (p+1)/2—p = (1 - ¢)/2 = ~1/(2p) using
©? = ¢ + 1. The value —1/(2¢) is identical across all 12 host-to-first-shell edges (the inner
product depends only on v; « Upest, common to all 12).

First-shell-to-first-shell inner product. For any first-shell-to-first-shell edge
€ab = (vb — va)/|vp — val:

éb‘ﬁ _ (Ub_va)'vhost _ Up * Vhost — VUq * Vhost _ 90/2_30/2 -0 (3)
¢ |0y — Val |V — Val Vb — Val 7

identically in 4D. This is the key 4D geometric fact: first-shell-to-first-shell 600-cell edges are
tangent to n; their direct edge-length perturbations under Eq. (1) vanish at O(e).

Numerical verification. A direct computational check confirms Egs. (2)—(3) at machine
precision [8].16 The 4D inner-product pattern is therefore: uniform —1/(2¢) for host-to-first-shell,
identically zero for first-shell-to-first-shell.

3.3 The Local-I,-Preservation Theorem

Theorem 3.1 (Local I, Preservation at the Host Vertex). Under vertez-aligned Reading C with
N = Upost @ 600-cell vertex direction (FI-C-RC-1 + FI-C-RC-2, §2.1), the local geometric structure
at Vpost — the first-shell icosahedron of 12 nearest-neighbor 600-cell vertices and the 20 triangular
faces of this icosahedron, including all candidate K3-base placements — is preserved as
Iy-symmetric at first order in the substrate-perturbation amplitude €, with only an isotropic radial
scaling of the first-shell icosahedron by factor (1 —€/(2¢)). Equivalently: at O(e), all 12 first-shell
vertices remain at identical distance from vpest (modified from 1/ to (1/0)(1 —€/(2¢))) and at
identical pairwise distances among themselves (unchanged from the ideal 600-cell first-shell
distance structure).

'6Standalone NumPy verification at flagship_papers/capotauro/code/qlprime_w_bracelet_geometry.py (ref-
erenced in the working sketch §13.1, Patch 0424): all 12 host-to-first-shell edges produce é - i = —1/(2¢) uniformly
to machine precision; all 30 first-shell-to-first-shell edges produce |é - 7| < 107°.
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Proof. The Hy-stabilizer of vpegt is Stabgr, (vhest) = Hs = I, of order 120 (§2.1); I acts
transitively on the 12 first-shell vertices and on the 30 first-shell-to-first-shell edges. Under the
edge-perturbation formula Eq. (1), the perturbed distance between any two 600-cell vertices is
determined by the unperturbed distance and the unit edge direction’s inner product with n. From

Egs. (2)—(3):
Host-to-first-shell distances. For each i € {1,...,12}:

1 1 €
‘Ui - Uhost‘actual = ;(1 te- (_i)> = ;(1 B %)
The factor (1 — €/(2¢)) is identical across all 12 first-shell vertices — an isotropic radial scaling of
the first-shell icosahedron toward vpegt.

First-shell-to-first-shell distances. For any 600-cell-edge-connected pair v,, vp in the first shell:
1 1
|Ub — Valactual = *(14—6'0) = —,
2 ¥

unchanged from the ideal 600-cell value. The 30 first-shell-to-first-shell 600-cell edges therefore
retain their ideal length at O(e).

I, preservation. The 12 first-shell vertices, viewed as points on the 2-sphere

{2 €8%: 2 vhost = ©/2- (1 —€/(2¢))} (the perturbed first-shell hyperplane), are at identical
distances from vpest (modified radius) and at identical pairwise 600-cell-edge distances among
themselves (unchanged). The angular configuration of the 12 first-shell vertices on this 2-sphere is
therefore unchanged from the ideal icosahedron; the perturbed first-shell vertices form an
icosahedron differing from the ideal only by uniform radial scaling. The I;, symmetry of the
first-shell icosahedron is preserved.

The 20 triangular faces of the first-shell icosahedron, each formed by 3
mutually-600-cell-edge-connected first-shell vertices, retain their equilateral structure (all three
edges of any such triangle are first-shell-to-first-shell at unperturbed length 1/¢). The K3-base,
geometrically realized as one of these 20 triangular faces (sketch §11.2; Finding C-W37) [§],
inherits the preserved equilateral structure. [J O

Remark 3.2 (Substrate-actual symmetry under Theorem 3.1). Theorem 3.1 sharpens the
substrate-actual symmetry statement of §2.1: the Hy — Hs = I, reduction (Operation B) is
realized geometrically as the preservation of the first-shell icosahedron at vp,s. The chirality
content of the reduction is carried not by the K3-base’s local edge structure (preserved at zeroth and
first order in €) but by the global pattern of edge perturbations across the rest of the 600-cell (§3.6).
Locally, at the K3-host vertex, the substrate “looks” fully Ip-symmetric at O(e€); globally, the
substrate’s n-induced edge perturbations break Hy down to the orbit-preserving subgroup of vpost.

3.4 The substrate-level identification y = ¢

Theorem 3.1 delivers the substrate-level identification of the substrate parameter € (the
n-perturbation amplitude entering Eq. (1)) with the substrate chirality magnitude x (the
eigenvalue magnitude of the chirality operator C’X at substrate level, Definition 2.1). The
identification is direct.
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Lemma 3.3 (Substrate-level x = € identification). Under vertez-aligned Reading C with
Theorem 8.1 in force, the substrate chirality magnitude and the substrate-perturbation amplitude
are identified at substrate level,

X = € at substrate level under vertex-aligned Reading C, (4)

with no intermediate geometric prefactor fyeom and no irrep-extraction factor firrep. The
substrate-level identification follows from Theorem 3.1: the K3-amplitude factor’s derivation in
§6.3 relies on the K3-base remaining an equilateral triangle under the preserved local I, symmetry
(preserved at O(e) by Theorem 3.1), and the chirality-eigenvalue matching principle (FI-C-7, §6.3)
identifies the Ag-generator eigenvalues +b\/3 on the K3-amplitude space with the substrate-level
chirality eigenvalues +x of éx:' since the local-Iy,-preservation theorem leaves no room for a
geometric or irrep-theoretic projection factor at the substrate level, x is identified directly with e.

Proof. The K3-amplitude factor derivation (Lemma 5.1, §6.3) computes the K3-doublet matrix
element of the unique As-irrep generator T4, (b) =i-b- S on the K3-base, yielding eigenvalues
+bv/3 on the K3-amplitude space; this is unchanged under Theorem 3.1 because the K3-base
remains an equilateral triangle (preserved local Ij, symmetry; §4.1). The chirality-eigenvalue
matching principle (FI-C-7, Finding C-W23 [7]) identifies the non-zero K3-amplitude eigenvalues
of T4, (b) with the physical chirality eigenvalues +x of C’X at substrate level: by/3 = y, hence

b = x/v/3. Substituting Eq. (1) into the K3-base edge length tells us the parameter b entering the
Ao-generator amplitude is constrained by the substrate-perturbation amplitude € via the same
chirality-eigenvalue matching principle, with no intermediate geometric or irrep-theoretic prefactor
(the local-Ij-preservation theorem ensures no such factor enters: the K3-base’s equilateral
structure is preserved, and the perpendicular-wavefunction structure of FI-C-3 + FI-C-4 + FI-C-5
carries the chirality content without further projection). Therefore y = byv/3 = € at substrate level,
identification (4). O O

Combining Lemma 3.3 with the perturbative-distance-ratio constraint (§2.4), which selects
€ = 3 as the first natural-distance-ratio scale satisfying the geometric-structure-preservation
requirement, gives the v2.0 derivation of FI-C-9:

Lem. 33 524 -3 0.236. (5)
FI-C-9 is thereby retained as a foundational input at the magnitude level (v1.0 statement:
Ix| = ¢~2) but derived rather than postulated within v2.0’s substrate-physics framework. The
Fl-cost shift from v1.0 to v2.0 is: FI-C-9 (free magnitude postulate) — FI-C-RC-1 + FI-C-RC-2

(primitive direction + vertex-alignment); the perturbative-distance-ratio constraint of §2.4 closes
the magnitude derivation chain.

3.5 Preservation of v1.0’s |M| = x/6 prediction

The v1.0 paper’s composite Capotauro Wigner-Eckart Theorem (Theorem 6.1, §6) derives
|M| = x/6 ~ 0.0394 as the product of the K3-amplitude factor |Mg,| = x and the cage-shell
factor |[M, | = 1/6. Theorem 3.1 ensures both factors are preserved exactly under v2.0’s
vertex-aligned Reading C framing:

e K3-amplitude factor preserved. The K3-amplitude factor |[Mg,| = x derivation (§6.3,
Lemma 6.2) relies on the K3-doublet states being in the E-irrep of the S3 permutation
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symmetry on the K3-base. The E-irrep structure requires the K3-base to remain an
equilateral triangle, which holds under Theorem 3.1 (§3.3: the 20 first-shell triangles
preserve equilateral structure at O(e)).

e Cage-shell factor preserved. The cage-shell factor |[M || =1/6 = dg/Vcage derivation
(86.4, Lemma 6.3) relies on the icosahedral cage’s Viage = 12 first-shell vertices being
symmetry-equivalent under the cage’s stabilizer. This holds under Theorem 3.1 (the 12
first-shell vertices are at identical distance from wvpest at O(e), with full local I, symmetry
intact).

The composite prediction |M| = x/6 is therefore preserved ezactly under v2.0’s vertex-aligned
Reading C framing. The v1.0 numerical content (Theorem 6.1, | M| = x/6 ~ 0.0394; primary
empirical prediction Aprr = x/6 matching observed ~ 0.04 within 2%) carries over to v2.0
unchanged. The v2.0 refinement does not alter the v1.0 prediction; it provides the
substrate-physics derivation route for FI-C-9’s magnitude (Eq. (5)) that v1.0 left as foundational
input.

3.6 Where the chirality bias propagates globally

Theorem 3.1 establishes that the chirality bias is invisible to the K3-base’s local edge structure at
first order in e: K3-base edges have zero direct edge-length perturbation, and the host vertex’s
first-shell icosahedron is preserved up to uniform radial scaling. The bias must therefore propagate
into the substrate’s global edge-length pattern through other channels [8]:'"

1. Second-shell and beyond connections. Edges from first-shell to second-shell 600-cell
vertices have é - i varying across positions (second-shell vertices sit at angular distance from
Uhost different from the first shell, with non-uniform projections on 7). These edges carry the
O(e) chirality signature globally.

2. Cage-to-cage couplings. The substrate chirality magnitude x extracted by the
K3-doublet matrix element is set globally, encoding how 7 orchestrates the 600-cell’s entire
edge-length pattern. The K3-doublet’s local matrix element extracts y via the
chirality-eigenvalue matching principle (§6.3), which is a global substrate-level identification.

3. Forward to non-host vertices. For any 600-cell vertex v’ # vpest, the chain of edges
connecting vpest to v’ carries direction-correlated length perturbations. The substrate’s
global chirality structure is the integrated effect of this O(e) pattern across all 720 edges.

A first-principles derivation of x as the eigenvalue of C’X from the global substrate structure under
Reading C — closing the substrate-level chirality content from the global pattern rather than via
Lemma 3.3’s direct identification — remains open work, registered as part of Q5 cross-sector
consistency and the eventual primitive-cause derivation under the OPEN-SD-CHIR-PRIMITIVE
umbrella [3].1¥ The v2.0 paper closes the magnitude derivation chain at Eq. (5)’s level
(substrate-level identification + perturbative-distance-ratio constraint); the global-eigenvalue
derivation is the deeper open question.

1"Substantive content from the working sketch §13.7 (Patch 0424).

18Working sketch §13.7 closing paragraph: “A first-principles derivation of x as the eigenvalue of C’X from the global
substrate structure under Reading C would close Reading C at theorem level. The current understanding identifies
X = € at the substrate-level definition, with the perturbative-distance-ratio constraint fixing e = 3.
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3.7 Substrate-locality as proof-chain step (i) for cross-sector unification

Theorem 3.1 is not specific to the K3-doublet sector — it operates on any substrate object hosted
at the host vertex’s first-shell icosahedron. The W-bracelet (SF-2 v1.0 [14]) sits on-axis with n at
radius /2 from vpeg (FI-C-RC-2 argument 2, §2.1), with its 6 vertices realized as a Petrie
hexagon on the first-shell icosahedron; the DP /eDP substrate objects (SM-2 per the
Linear-vs-Orbital ZBW characterization at SM-2 v1.0 §5+4-§6+Glossary; full SM-2 citation
introduced at v2.0 §6 qDP /eDP sector drafting) sit at specific positions in the first-shell cage as
well. All three substrate objects — K3-doublet (3-vertex triangle on a 600-cell face within the
first-shell icosahedron), W-bracelet (6-vertex Petrie hexagon on the first-shell icosahedron), and
qDP/eDP (Linear ZBW d =1 at a single first-shell vertex; Orbital ZBW d = 0 at the host CP) —
inherit substrate chirality from the same identification x = ¢ = ¢ 3 via Theorem 3.1’s
local-Ij,-preservation guarantee.

This is the structural foundation for v2.0’s cross-sector unification claim under the
OPEN-SD-CHIR-PRIMITIVE umbrella: the substrate-physics handle x/6 feeding the chirality
matrix element across all three sectors at substrate level (manifestation (i) mass-mixing on
K3-doublet, manifestation (ii) electroweak V-A on W-bracelet, manifestation (iii) electromagnetic
handedness on qDP/eDP polarization patterns). Theorem 3.1 is registered as proof-chain step (i)
of THEO-SD-CHIR-1 (Cross-Sector Substrate Chirality Unification Theorem; K3-doublet <>
W-bracelet pair; registered Patch 0434 Session 132) and THEO-SD-CHIR-2 (qDP/eDP Sector
Substrate Chirality Closure Theorem; three-way unification with K3-doublet and W-bracelet;
registered Patch 0440 Session 133) in the programme theorem-registry [2].1° The substrate-locality
theorem is the substrate-physics common ground from which all three sectors’ chirality content is
sourced.

4 The K3-Doublet and the Chirality Observable

This section establishes the K3-doublet basis structure {\CID(,I)), |<I>(,2)>} and the substrate-level
chirality observable C’X in irreducible representation By of the K3 stabilizer Dg = S3 X Zs. These
are the operator and the states on which the Wigner-Eckart matrix element of §6 is computed.
The section assembles foundational inputs FI-C-2 (§4.1), FI-C-3 extended (§4.2 and §4.3), and the
¢-ODD assignment, of C’X (§4.4) into the substrate-physics object on which Theorem 6.1 operates.

4.1 The K3 base structure and four-cage taxonomy (FI-C-2)

The K3 triangle is the equilateral 3-vertex graph K3 = {Vi, Vo, V3} with three colour-vertices and
exact Cs rotational symmetry. In CPP, K3 realizes the K3 base of the charge-asymmetry
framework (SM-1) [9]: each vertex Vj carries a distinct colour assignment (red / green / blue or
up / charm / top, depending on sector), and the three vertices are related by the cyclic Cs
symmetry of the triangle.

The four-cage taxonomy from SM-1 assigns cage vertex counts V' € {4,12,20,30} to the four
sub-particle types: tetrahedral V = 4, icosahedral V' = 12, dodecahedral V = 20,

9Detailed inheritance and proof-chain structure for THEO-SD-CHIR-1 and THEO-SD-CHIR-2 are developed in
the v2.0 cross-sector sections (forthcoming): W-bracelet sector at §14.3 extended with the four-step proof chain
(substrate-locality 4+ Substrate-Locality Unification + cage-shell factor identity + pairing-convention identification)
per working sketch §14-§17 (THEO-SD-CHIR-1) and §18-§20 (THEO-SD-CHIR-2) [8]. The v0.2 drafting target
completes these cross-sector sections.
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icosidodecahedral V' = 30. The cage taxonomy is foundational input FI-C-2 to the Capotauro
closure — the Viage = 12 icosahedral first shell of the 600-cell, in particular, is the cage on which
the cage-shell averaging factor |[M | = 1/6 is computed in §6.

4.2 The Kj;-doublet TBM-aligned basis (FI-C-3)

The K3 ZBW Hamiltonian on the K3 base has spectrum A\ = +2 (bonding, once-degenerate) and
A— = —1 (antibonding, doubly degenerate) by the K3 Spectral Theorem (THEO-SM-3) [11]. The
antibonding doublet’s two-dimensional space carries the relevant substrate structure for
charged-lepton flavour identification.

The TBM-aligned basis of the antibonding doublet is

my_ 1 @, _ 1

") \/6(2’ L-1), |¢7) \/5(0, 1,1),
selected at theorem level by the standard S35 — S5 representation-theory branching rule applied to
the residual stabilizer of the charged-lepton Ks-vertex occupation [15]. Under the S3 — S
branching, the 2-dimensional irreducible representation of S3 on the antibonding doublet
decomposes as 2|g, = 14 @ 1_, uniquely (up to phase) selecting the TBM-aligned eigenstates.
This is the Composite K3-Cage-Shell Coupling Theorem clause (i) (THEO-SF-4-5) inherited
cross-sector from SF-4 v4.0 [15].

The TBM-aligned basis is the substrate-level reading of the tribimaximal mixing matrix Urpm
derived in SM-5 [12]. The cross-sector inheritance from SF-4 is critical: without the theorem-level
closure of the antibonding-doublet basis at SF-4 v4.0 (the first cross-sector closure in CPP), the
Capotauro mechanism would lack the rigorous basis on which to define the chirality matrix
element | M| at theorem level.

4.3 The perpendicular wavefunction structure |x,),|x_)

A substantive extension to FI-C-3 emerged during the closure trajectory [7].2° The K3-amplitude
part of the doublet {]qb(_1)>, |d>(_2))} captures the colour-mode structure on the K3 base, but the full
substrate state at the K3 location also carries a perpendicular-direction wavefunction associated
with the substrate orientation field at that location.

We denote the perpendicular-direction wavefunctions by |x4) and |x—). These are the (-EVEN
and (-ODD components of the substrate orientation field at the K3 location, where ( is the Zs
generator of the Dg = S3 X Zs structure on the Ks-doublet space. The full K3-doublet basis states
are then

o) =10y olxe), 9P = p?) @ x-),
with the o1¢(-EVEN pairing convention [7].2! The pairing convention is required for the chirality
matrix element | M| = |<<I>(71)|CA'X\<I>(72))| to be non-zero (Finding C-W11): the chirality observable
C’X is (-ODD (§4.4), and a non-zero matrix element between oY and 0@ requires the
perpendicular-wavefunction factors to be opposite-(-parity.

The perpendicular wavefunction structure is full consistency with the SF-4 v4.0 Composite
K3-Cage-Shell Coupling Theorem (Finding C-W13) [7]; no SF-4 revision is required for the

29Extension introduced at Session 91 Patch 0385.
21 Pairing convention identified at Session 91 Finding C-W12.
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Capotauro inheritance. The extension is internal to the Capotauro paper’s FI-C-3 reading and is
captured as part of the foundational input enumeration in §14.

4.4 The chirality observable C’X

Physical meaning. The chirality observable C’X is the substrate-level operator whose expectation
value measures the substrate’s preference for one enantiomorph over the other at a specific K3
location. Physically: C’X is the signed difference between the substrate’s coupling weights to
left-handed and right-handed K3-doublet states under processes mediated by the doublet’s
primitive chirality. A racemic substrate (|x| = 0) would have (C’X> = 0; the actual substrate has
(C,) # 0 because its Iy symmetry (not Hy) breaks the parity that would otherwise force the
difference to vanish. The operator’s matrix element on K3-doublet basis states is the
substrate-level handle on parity-violating processes that descends, through SF-2’s W bracelet Dg
stabilizer (FI-C-4) and the cage-shell averaging factor 1/6 (FI-C-10), to the observable
parity-violation asymmetry Aprr (§9).

Representation-theoretic content. The operator transforms under the K35 stabilizer
Dg = S3 x Zsy as follows:

e Ss-content: C) contains both 1_ (sign representation, 0;-ODD) and 2 (E-irrep) components
in general; on the K3-amplitude subspace relevant to the matrix element, only the 1_
component contributes (§5). The unique generator of the As-irrep (01-ODD and r-invariant)
component is T'4,(b) =i -b- S, where S is the real antisymmetric 3 x 3 matrix with
cross-product-with-(1, 1, 1) structure (Finding C-W21) [7].

e Zy-content: C) is ¢-ODD (Finding C-W11) [7]. The ¢-ODD assignment is the
substrate-physics reading of the chirality observable: the chirality bias flips sign under the
Zo generator ¢ of the K3-doublet stabilizer.

The composite irreducible representation of éx within Dg = S3 X Zso on the K3-amplitude X
perpendicular-wavefunction tensor structure is By (the irrep that is 01-ODD and (-ODD). The
Wigner-Eckart matrix element machinery in §5 operates on By operators acting on the F-doublet
of Ks-amplitude states.

4.5 The full K3-doublet basis states for the matrix element

Assembling the K3-amplitude basis (§4.2) and the perpendicular-wavefunction extension (§4.3),
the full K3-doublet basis states on which the Wigner-Eckart matrix element of Theorem 6.1 is
computed are

1 1

o) = 5@ LoD e ), 0?) = 5 (0,11 @ ). (6)

The matrix element to be computed in §6 is then
1), A 2
M| = (2D1Cy o)),

where C’X is the Bs-irrep operator described in §4.4. The Wigner-Eckart factorization separates
this matrix element into K3-amplitude and cage-shell perpendicular-wavefunction factors (§6),
each computable from the irreducible representation theory of Dg together with FI-C-9 (substrate
primitive chirality magnitude, §2) and FI-C-10 (cage-shell extension to chirality observables, §6).
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5 The Dg Stabilizer and Wigner-Eckart Framework

This section establishes the group-theoretic machinery on which Theorem 6.1 is built. The K3
stabilizer is Dg = S3 x Zy (Findings C-W5, C-W6) [7]; the chirality observable C, transforms in

irreducible representation Ba (§4.4); the K3-doublet states {|<I>(_1)>, |<I>(_2)>} form an E-doublet of
Dyg via the tensor product of K3-amplitude E-doublet of S3 and perpendicular-wavefunction
¢-EVEN/ODD doublet of Zg. The Wigner-Eckart theorem on Dg factorizes the matrix element of
B> operators on E-doublet states into K3-amplitude and perpendicular-wavefunction factors —
the structural decomposition that powers the eight-step proof in §6.

5.1 The K3 stabilizer Dg = S5 X Zs

The K3 triangle’s automorphism group as a labelled graph is S3 (the symmetric group on three
elements, order 6), acting by permutations of the three vertices {Vi, V2, V3}. When the K3 base is
embedded in the four-dimensional 600-cell substrate with the perpendicular-direction
wavefunction structure of §4.3, the K3 stabilizer extends to Dg = S3 X Zo of order 12: the S3
factor acts on K3-amplitudes, and the Zs factor acts on the perpendicular-direction (-parity. The
two factors commute: the K3-amplitude permutations and the perpendicular-direction (-flip are
structurally independent.

The Finding C-W5 (Dg = S3 X Zg structure) and Finding C-W6 (the perpendicular (-parity
component generates the Zy factor) of the working sketch |7] together establish the stabilizer’s
product structure. The product structure is critical: it allows the matrix element to factorize into
independent K3-amplitude and perpendicular-wavefunction contributions in the Wigner-FEckart
machinery.

5.2 The chirality-preserving subgroup 5% identification

A substantive correction to the working-sketch §3.1 informal “Dg — Cg” framing emerged during
the closure trajectory [7].22 The chirality-preserving subgroup of Dg is not Cg (cyclic of order 6)

but S5 C Dg (a specific copy of S3 that combines K3-vertex permutations with the perpendicular
¢-flip). The corrected identification reads:

S5 ={(0,¢¥") : 0 € 83}

where sgn(o) € {0,1} is the sign of the permutation. The subgroup combines S3 permutations
with an automatic (-flip on odd permutations, preserving the chirality eigenvalue exactly.

The S5 C D6 identification is the chirality- preserving subgroup in the sense that the chirality
observable Cx is invariant under S4 action: o - C’X o~ C for all o € S5. The complement
Dg \ S% contains the chirality-violating elements that flip the sign of C .

5.3 Irreducible representations of D

The irreducible representations of Dg = S3 X Zso are products of the irreducible representations of
S3 and Zo:

e Sz irreps: A (trivial), Ay (sign), E (2-dimensional).

e 7y irreps: trivial ((-EVEN), sign (¢-ODD).

22Correction surfaced at Session 89 Finding C-W7.
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The product irreps of Dg are then Ait, Agt, E* with the 4+ superscript denoting (-parity. In
conventional notation:

| ¢-EVEN (¢-ODD

Ay Aq Al
A2 A2 B2
E FE FEs

where the second column corresponds to the (-ODD versions. The chirality observable C’X
transforms in the irrep By = As ® ((-ODD): it is 01-ODD in K3-amplitudes (§4.4: the Ay
generator T4, (b) =i-b- S is the unique S3 Ay representative) and (-ODD in the perpendicular
wavefunction (Finding C-W11) [7].

The K3-doublet states transform in irrep Fo = F ® ((-ODD) as a tensor product of the S
E-doublet on K3-amplitudes and the (-ODD perpendicular wavefunction (§4.3, Eq. 6). The
matrix element | M| in Theorem 6.1 is therefore the K3-doublet Ey expectation value of the Bs
operator C’X.

5.4 Wigner-Eckart on Dg

The Wigner-Eckart theorem on Dg states that the matrix element of an irrep-I" operator or
between states transforming in irreps I'; and I'y factorizes as

. A Ty,
(P2, ma|OT |1, my) = (Lol |OV|Ty) - CF?FT;Lfm

where (I'||OF||T';) is the reduced matrix element (irrep-dependent only) and ll:Qlinm is the
Clebsch-Gordan coefficient. For the present matrix element, I' = By, I'y = I's = Es, m1 and ms
index the K3-doublet states.

Because Dg factorizes as S3 X Zg, the Wigner-Eckart matrix element factorizes correspondingly
into K3-amplitude and perpendicular-wavefunction factors:

@D|C 09y = (DT, (0)0Y) - GalTulng) 9

K3-amplitude factor Mﬁ;; ) cage-shell factor MJ(_ij )

The K3-amplitude factor depends only on the Ss irrep structure of the K3-doublet states and the
Ao-irrep generator of the operator. The cage-shell factor depends on the perpendicular-direction
Zo structure and is computed via Schur orthogonality on the icosahedral cage hosting the
charged-lepton substrate states (§6).

5.5 The ¢,-ODD operator parameterization correction

A substantive correction to the working-sketch §13 framework emerged during the closure
trajectory [7].?* The naive parameterization of o;-ODD operators on the K3-amplitude space uses
two parameters (a,b) giving My, = (b — 2a)/+/3. However, this parameterization captures the
general g1-ODD operator subspace, which includes both the As-irrep and the E-irrep components
of S3. For C’X to be in By of Dg specifically, the K3-amplitude part must be in As of S3 (the
unique irrep that is 01-ODD and r-invariant, where r is the cyclic K3-vertex rotation generator).

23Correction introduced at Session 95 Patch 0389.
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The unique As-irrep generator on the S3 K3-amplitude space is
Ty, (b)) =1i-b- S, S=1-1 0 1], (8)

where S is the real antisymmetric matrix with cross-product-with-(1,1, 1) structure: for any
K3-amplitude vector v € R3, Sv = (1,1,1) x v (Finding C-W21) [7]. The parameter b is the
substrate-physics parameter to be determined in §6 via the chirality-eigenvalue matching principle.
Lemma 5.1 (Spectral radius of S). The matriz S in Eq. (8) has eigenvalues {0, +iv/3, —i\/3}
with spectral radius /3. The zero eigenvalue corresponds to the eigenvector (1,1,1)/v/3 (the
bonding K3-amplitude |¢. ) ); the non-zero imaginary eigenvalues £i\/3 correspond to the
K3-doublet antibonding eigenvectors. Consequently, Ta,(b) =1i-b-S has eigenvalues {0,+b\/3} on
the K3-amplitude space, with the non-zero eigenvalues £b\/3 residing entirely on the K3-doublet

subspace {|¢(_1)>, |<Z5(_2)>}

Proof. Direct computation: the characteristic polynomial of S is A3 4+ 3\ = A(A? + 3) = 0, giving
A € {0, +iv/3}. The null vector is found by inspection:

S(1,1,) T =1-1,-1+1,1—-1)T =(0,0,0)”. The cross-product structure Sv = (1,1,1) x v
confirms the null direction is parallel to (1,1, 1), hence orthogonal to the K3-doublet which is the
orthogonal complement of |¢) = (1,1,1)/v/3. The non-zero eigenvalues live on the K3-doublet
subspace.

For Ta,(b) =i-b- S, the eigenvalues are {ib-0,ib- (+i\/3),ib- (—iv/3)} = {0, —bv/3, +bv/3} — real
and centered at zero on the K3-doublet, as required for T'4,(b) to be a self-adjoint chirality-like
operator on the antibonding doublet. O

Lemma 5.1 is the load-bearing structural input for the chirality-eigenvalue matching principle in
§6.3: identifying the K3-doublet’s T4, (b) eigenvalues £bv/3 with the physical chirality eigenvalues
+x of C), at substrate level determines b = x/ /3 uniquely, fixing the substrate-physics parameter.

6 The Composite Capotauro Wigner-Eckart Theorem

This section states and proves the paper’s flagship result. The theorem and proof are the
publication-grade form of Theorem 18.1 of the working sub-sketch [7].2* The eight-step proof
gathers the substrate-physics inputs from §2 (FI-C-9, |x| = ¢ ~2), the K3-doublet basis structure
from §4 (FI-C-3 + perpendicular wavefunction), and the Wigner-Eckart machinery from §5 into
the closed-form result |M| = x/6.

6.1 Theorem statement

Theorem 6.1 (Composite Capotauro Wigner-Eckart Theorem). Under foundational inputs
FI-C-1 through FI-C-10 (enumerated in §14) and CPP axioms A1 (DI-bit exchange substrate
primitive), A3 (substrate orientation field), A4 (substrate isotropy at vertex level), and A7
(substrate-stress framework), the chirality matriz element of the chirality observable C’X on the

24Closure declared at Session 102 Patch 0396; theorem-registry registration as THEO-CAP-1 at Session 103 Patch
0397 [2].
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tribimazimal-aligned Ks-doublet basis states |<I>(_1)> and |<I>(_2)> (Eq. (6)) is

-3

] = (@0 |2 = % = o ~ 0.0304. (9)

=

The matriz element decomposes as the product of two structural factors:

1
M| = |Mpe,| - MLl =X ¢ (10)

where |Mpg,| = x is the K3-amplitude factor (Lemma 6.2, chirality-eigenvalue matching principle,
§6.3) and |M | = 1/6 is the cage-shell averaging factor (Lemma 6.3, cage-shell averaging

principle, §6.4).

The theorem is the publication-grade statement of the eight-step closure trajectory documented in
the sub-sketch [7] across Sessions 87-102. The proof proceeds in eight steps, structurally factoring
the matrix element via the Wigner-Eckart machinery of §5.4 and applying two derivation principles
(chirality-eigenvalue matching and cage-shell averaging) to determine the two structural factors.

6.2 Eight-step proof: overview
The proof of Theorem 6.1 proceeds in eight steps:

S1 Irrep identification: C’X € By of Dg via 01-ODD K3-amplitude content (unique As

generator T4,(b) =i-b- 5, §5.5) and (-ODD perpendicular-wavefunction content (Finding
C-W11, §4.4).

S2 Wigner-Eckart factorization: the matrix element decomposes into K3-amplitude Mg,
and cage-shell M factors via Eq. (7).

S3 K3-amplitude part identification: the K3-amplitude factor depends only on the As-irrep
generator T4, (b) on the K3-doublet subspace (irrep-uniqueness from §5.5).

S4 Symbolic K3-amplitude computation: Mg, = —i-b- V/3 on the TBM-aligned basis
(Eq. (11), derived from Lemma 5.1 spectral structure).

S5 Chirality-eigenvalue matching: identifying the K3-doublet eigenvalues £bv/3 of T, (b)
with the physical chirality eigenvalues +x of C\ at substrate level gives b = x/ V'3, hence
|Mk,| = x (Lemma 6.2).

S6 Cage-shell averaging: the perpendicular-wavefunction factor on the Viage = 12 icosahedral
cage (FI-C-6 cage-shell extension to chirality observables via FI-C-10) gives
M| =dg/Veage = 2/12 = 1/6 via Schur orthogonality (Lemma 6.3).

S7 Composite product: |M|= |Mg,|-|M.|=x-(1/6) = x/6.
S8 Substrate-vacuum substitution: substituting FI-C-9 (x| = ¢ =3, §2.2) gives
|M| = ¢=3/6 ~ 0.0394, completing Eq. (9).

6.3 The K3-amplitude factor: chirality-eigenvalue matching principle

Lemma 6.2 (K3-amplitude factor). Under FI-C-9 (substrate-vacuum chirality magnitude
Ix| = ©72), the K8-amplitude factor in the Wigner-Eckart factorization of the chirality matriz
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element on the TBM-aligned Ks-doublet is
1 2
M, = 16D |Ta, 0)16P)],_, v5 = X-

Proof. The unique Ag-irrep generator on the K3-amplitude space is T4,(b) =i-b- S (Eq. (8)).
Direct symbolic computation on the TBM-aligned basis \gb(_l)) =(2,-1,-1)/V6,
[6) = (0.-1,1)/v/2 gives

M, = (80| Ta, 0)]6%)) = —i - b- V3. (11)

The imaginary phase —i is intrinsic to the As-irrep generator (it reflects the antisymmetric
structure of S); the magnitude bv/3 tracks the spectral radius of S on the K3-amplitude subspace
(Lemma 5.1).

To determine the substrate-physics parameter b, we apply the chirality-eigenvalue matching
principle (Finding C-W23) [7]. The K3-doublet eigenvalues of T4, (b) are +bv/3 (Lemma 5.1). The
physical chirality eigenvalues of C’X at substrate level are +y (the substrate primitive chirality
magnitudes, FI-C-9 §2.2: the eigenvalues of the chirality observable are +|x| for the two
enantiomorphs distinguished by the substrate’s primitive chirality). Identifying:

W=y = b=2X

75
Substituting into Eq. (11):
X .
MKg}b:x/\/ﬁ = V3 V3 = —ix.

The magnitude is |Mg,| = x. O

The chirality-eigenvalue matching principle (Finding C-W23) is the load-bearing structural step
that determines the substrate-physics parameter b uniquely from the substrate primitive chirality
x- Without this identification, the parameter b would remain free; with it, the matrix element
acquires its y-dependence at theorem level.

6.4 The cage-shell averaging factor: cage-shell averaging principle

The cage-shell averaging factor |M | = 1/6 is the second structural factor in the Wigner-Eckart
decomposition. Before formalizing this in Lemma 6.3, this subsection establishes the physical
motivation for why Schur orthogonality on the icosahedral cage is the correct averaging
mechanism for chirality observables — not just a mathematically suggestive coincidence. The
motivation rests on two CPP axioms (A4 substrate isotropy at vertex level, A3 substrate
orientation field / DI-bit propagation) and shows that the formal Schur-orthogonality result
emerges as the structural consequence of these axioms applied to the cage geometry.

6.4.1 Physical motivation: substrate isotropy + DI-bit propagation

The cage-shell extension to chirality observables (FI-C-10) is the load-bearing claim that the
cage-shell coupling mechanism for chirality observables follows the same averaging structure as for
mass observables (FI-C-6). At v1.0, FI-C-10 is registered as a foundational postulate (§14);
first-principles derivation from CPP axioms is registered as open work (§12.4). The v1.0 paper
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does not derive FI-C-10 first-principles, but establishes physical plausibility through three
complementary arguments.

Intuition for the 1/6 factor. Before the formal arguments, the geometric picture: the
K3-doublet has dg = 2 basis states (the two members of the doublet); the icosahedral cage hosts
Veage = 12 symmetry-equivalent vertices. Under substrate isotropy, the chirality bias distributes
its contribution uniformly across the cage — two doublet degrees of freedom averaged over twelve
cage positions yields the averaging factor 2/12 = 1/6. The three formal arguments below justify
why this geometric picture is the correct one structurally, and not an ansatz.

Argument 1: Substrate-isotropy + irrep averaging (A4-based). CPP axiom A4 states the
substrate is isotropic at the vertex level: no preferred direction emerges from substrate dynamics
at individual vertices. The substrate’s primitive chirality bias x is a global property (§2), not a
vertex-local property. Schur orthogonality is the mathematical expression of “no preferred
direction within an irreducible representation”: for an irrep I' of dimension dr, summing
I-projected quantities over the irrep basis produces a group-invariant average with factor dr/|G|.

For C’X acting on K3-doublet E-irrep states extended over the icosahedral cage: the K3-doublet is
E-irrep with dg = 2; the cage hosts Veage = 12 vertices, invariant under Dg = S3 x Zo (§5.1); A4
isotropy at the cage-vertex level prevents preferred-direction projections; the cage-level chirality
observable is therefore the symmetric irrep-average over the E-doublet projections with factor
dg/|Dg| = 2/12 = 1/6. This is the Schur-orthogonality coefficient for the E-irrep on a group of
order 12.

Argument 2: DI-bit propagation paths + path-averaging (A3-based). CPP axiom A3
governs the substrate orientation field through DI-bit (Direction Information bit) exchanges
between vertices. The chirality observable’s value at a cage location is determined by DI-bit
propagation paths from the substrate-vacuum reference frame to that location. For the icosahedral
cage: propagation paths to any cage vertex traverse the cage’s Dg symmetry; the total cage-level
C’X is the symmetric sum over all |Dg| = 12 symmetry-equivalent paths with the chirality bias
entering as the E-irrep projection at each endpoint; the E-irrep-relevant channels number dg = 2;
the averaged contribution per path is dg/|Dg| = 1/6. The propagation-path argument and the
Schur-orthogonality argument produce the same answer because they express the same structural
principle from different starting points: cage symmetry of order 12 and doublet representation of
dimension 2.

Argument 3: Precedent from cage-shell mass-observable extension (FI-C-6). The
cage-shell averaging mechanism is not introduced for the first time at FI-C-10. SF-4 v4.0 [15]
establishes the same mechanism for the mass observable (FI-C-6) at theorem level via the
Composite K3-Cage-Shell Coupling Theorem (THEO-SF-4-5), with the same averaging factor
dE/Veage = 1/6 on the same icosahedral cage and end-to-end numerical verification across the
charged-lepton mass hierarchy. FI-C-10 extends this from the mass observable to the broader class
of Dg-equivariant observables on K3-doublet states, in particular C’X (which transforms in By of
Dg). The extension is the conjecture that cage-shell coupling is observable-class-independent
under substrate isotropy — the load-bearing claim of FI-C-10.

The precedent argument strengthens FI-C-10 plausibility on three grounds: (i) the mechanism is
an established theorem-level result extended by observable class, not a new construction invented
for the chirality case; (ii) the same numerical 1/6 emerges from the same cage geometry and irrep
structure, providing a consistency check; (iii) the only step requiring justification at FI-C-10 is the
observable-class-independence claim, narrower than “Schur orthogonality on the cage produces a
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physical averaging factor” in general. The observable-class-independence claim has registered
first-principles closure as open work in §12.4: a future derivation showing the cage-shell
mechanism is genuinely observable-class-independent (e.g., via DI-bit propagation paths not
coupling to the irrep content) closes the FI-C-10 gap at theorem level.

Why Veage = |Ds| = 12 is not coincidence. The structural identity Veage = |Dg| = 12 has
physical content: the icosahedral cage hosting the K3-doublet has exactly the order of the
K3-doublet’s stabilizer group. This is a consequence of the substrate’s geometric structure — the
600-cell’s icosahedral first shell hosts the same S3 X Zo that stabilizes the K3 base extended over
the cage. The two ways of writing the averaging factor (dg/Veage from vertex-count averaging or
dg/|Dg| from group-order averaging) reflect the same underlying isotropy structure, not numerical
coincidence.

What this motivation establishes (and does not establish). The three arguments above
establish physical plausibility for FI-C-10’s averaging at |M | = 1/6. They show that the
averaging factor is consistent with two independent CPP axioms (A4 + A3); is fixed by cage
geometry and irrep structure with no free parameter; agrees with the formal Schur-orthogonality
result of Lemma 6.3; has theorem-level precedent in the mass observable (FI-C-6 via
THEO-SF-4-5) extended by observable class.

What the arguments do not establish: (a) a first-principles derivation of FI-C-10 from CPP
axioms A1-A11 — the observable-class-independence claim distinguishing FI-C-10 from FI-C-6 is
physically motivated but not formally derived from the axiom stack; sub-claim work (§12.4) is
required; (b) the uniqueness of FI-C-10 at theorem level — an alternative cage-shell mechanism
could in principle yield a different chirality-observable factor; ruling out alternatives requires the
full substrate-dynamics derivation. The motivation establishes FI-C-10 as the natural reading of
cage-shell coupling under substrate isotropy + DI-bit propagation + FI-C-6 precedent, not an
ansatz. At v1.0, the formal proof of Lemma 6.3 proceeds from FI-C-10 as foundational input;
first-principles closure is future work.

6.4.2 Formal statement and proof

Lemma 6.3 (Cage-shell averaging factor). Under FI-C-10 (cage-shell extension to chirality
observables, §1/4), the perpendicular-wavefunction factor in the Wigner-Eckart factorization of the
chirality matriz element on the icosahedral cage hosting the charged-lepton K3-doublet states is
dg 2 1

M e T _ g = —_— = .
IMy| = [{x+|TLx=)] Viege 12 6

Proof. The K3-doublet states {\@9)), |Q>£2)>} are extended over the Viage = 12 icosahedral cage via
FI-C-6 (cage-shell coupling for mass observable). FI-C-10 extends this coupling structure from
mass observables to the broader class of Dg-equivariant observables on K3-doublet states, in
particular to the chirality observable éx (§14).2°

Under this extension, the perpendicular-wavefunction matrix element on the Viage = 12 icosahedral
cage acquires a Schur-orthogonality averaging factor for the F-irrep doublet observable:

dg
Vcage

|M, | =

2FI-C-10 registered at Session 97 Patch 0391 [7].
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where dp = 2 is the dimension of the F-irrep of Dg on the K3-doublet space and Viage = 12 is the
number of vertices in the icosahedral cage. Direct computation:

2 1

M |l=—=-.
| M| Tl

Equivalently via the structural identity Veage = |Dg| = 12:

dp 2 1

M = = — = —

which is the standard Schur orthogonality factor for E-irrep doublet observables on a group of
order 12. [

The cage-shell averaging principle (Findings C-W25, C-W26) [7] is the second load-bearing
structural step. It converts the icosahedral cage’s vertex count Viage = 12 into the
perpendicular-wavefunction factor 1/6. The structural identity Viage = |Ds| = 12 is a non-trivial
coincidence: the cage hosting the charged-lepton K3-doublet states has exactly the order of the K3
stabilizer, allowing the cage-shell averaging factor to be expressed equivalently via vertex-count or
group-order formulas.

6.5 Composite product and substrate-vacuum substitution

Assembling Lemma 6.2 and Lemma 6.3 into the Wigner-Eckart factorization Eq. (7):

I x

M| = |Mg,|-|M|=x-===. (12)
6 6

Substituting the FI-C-9 primitive chirality magnitude |x| = ¢ =3 (§2.2):

-3
© 0.236
M|=1T—=~— 2~0.0394.
M| =~ G

This completes the eight-step proof of Theorem 6.1.

6.6 End-to-end numerical verification

The theorem’s predictions can be verified by direct numerical substitution at machine precision.
With ¢ = (1 +1/5)/2 ~ 1.6180339887498949:

o x = 3 =0.2360679774997897 . ..

e b=x/v3=0.1362927. .. (substrate-physics parameter)

o |Mg,| = x = 0.2360679774997897 . .. (K3-amplitude factor)

e |[M|=1/6=0.1666666666666667 ... (cage-shell averaging factor)

o |[M| = x/6=0.0393446629166316. .. (composite product)

End-to-end consistency:

|Mp,| - | M| = 0.2360679774997897 - 0.1666666666666667 = 0.0393446629166316, matching the
direct computation y/6 to machine precision 10717, The numerical verification matches at every
intermediate checkpoint, consistent with the eight-step proof’s exact algebraic structure.

38



6.7 Foundational inputs and axiom accounting

The theorem’s conditional closure rests on ten foundational inputs (FI-C-1 through FI-C-10, the
v1.0 set underwriting the K3-doublet primary content of Theorem 6.1; the v2.0 paper additionally
registers FI-C-RC-1 + FI-C-RC-2 underwriting the substrate-locality theorem and cross-sector
unification theorems, bringing the total v2.0 FI inventory to twelve; full enumeration in §14) and
four CPP axioms (A1, A3, A4, A7). The CPP axioms most load-bearing per the Picture B
substrate-orientation-field framework 6] are A3 (substrate orientation field) and A7
(substrate-stress framework); A1 (DI-bit exchange) and A4 (substrate isotropy at vertex level) are
foundational supporting axioms. The full foundational-input enumeration is presented in §14; the
cross-sector inheritance pattern (FI-C-3 from SF-4 v4.0; FI-C-4, FI-C-5 from SF-2 v1.0; FI-C-6
from SF-4 v3.0; FI-C-2, FI-C-7 from SM-1, SM-2) is discussed in §14.3.

6.8 Connection to SF-4 v4.0 cross-sector inheritance

The single most critical cross-sector inheritance for Theorem 6.1 is FI-C-3: the K3
antibonding-doublet TBM-aligned basis at theorem level, inherited from SF-4 v4.0’s Composite
K3-Cage-Shell Coupling Theorem (THEO-SF-4-5) [15]. Without this inheritance, the matrix
element |M| would be defined on a basis whose theorem-level rigor is itself open; SF-4 v4.0 closes
that openness at conditional theorem closure level (the first cross-sector closure in CPP,
simultaneously resolving SM-5’s foundational op:nu_id open problem) [15].

The cross-sector inheritance pattern templates future CPP closures: the Capotauro paper provides
the chirality matrix element |M| as substrate-physics input to SF-2 v2.0+ (Q11 sin? 613 derivation,
§10); SF-2 v2.0+ in turn will provide PMNS observable inputs to downstream Capotauro
sub-claim work on dcp and ng. The closure web’s increasing density is the structural
manifestation of CPP’s cross-sector unification thesis.

7 The W-Bracelet Sector: Cross-Sector Unification with the
K3-Doublet

The K3-doublet derivation chain of §§4-6 establishes the chirality matrix element |M%3| = x/6 on
the mass-mixing sector. This section extends the same substrate-physics machinery to a second
sector — the SF-2 W-bracelet substrate object hosting the V-A coupling in W*-mediated
electroweak interactions — and derives the chirality matrix element |M"W| = x/6 on that sector,
identical in magnitude to the K3-doublet’s. The result is registered programme-level as
THEO-SD-CHIR-1 (Cross-Sector Substrate Chirality Unification Theorem; theorem #63 in the
CPP theorem-registry [2], registered Patch 0434 Session 132) and constitutes the first full Layer 3
cross-sector unification result under the OPEN-SD-CHIR-PRIMITIVE umbrella [3] (umbrella
registered Patch 0422). The four-step proof chain ((i) Local-Ij-Preservation; (ii)
Substrate-Locality Unification; (iii) Cage-shell factor identity; (iv) Pairing-convention
identification via icosahedral-center inversion) is developed in working sketch §14-§17 [8|.

The structural content of the unification is: the W-bracelet’s substrate chirality content is sourced
from the same substrate parameter x = € = ¢ 3 that feeds the K3-doublet’s chirality matrix
element. Both sectors inherit x from the local-Ij-preservation theorem of §3 via
Substrate-Locality Unification (§7.2), and both compute their respective composite matrix
elements via the same algebraic structure — amplitude factor x (chirality-eigenvalue matching)
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times cage-shell factor 1/6 (Schur orthogonality on a 2D matter-doublet irrep over a 12-element
stabilizer) — on isomorphic-but-distinct Dg C Hs = Ij, sub-stabilizers.

7.1 The W-bracelet on the host vertex first-shell icosahedron

Per SF-2 v1.0 Theorem 4.2 [14], the W-bracelet is the Hs-orbit Op of 1,200 induced hexagonal
6-cycles in the 600-cell vertex graph, with stabilizer the dihedral group Dg of order 12. Under the
vertex-aligned Reading C of §2.1 (FI-C-RC-2), the geometric realization of the W-bracelet on the
substrate is sharpened:

e Petrie-hexagon realization. Each W-bracelet is geometrically a Petrie hexagon of the
first-shell icosahedron centered at a 600-cell vertex (sketch §10, Patch 0418, Finding
C-W36) [8]. There are 10 Petrie-hexagon subgroups of the icosahedral Hg = Ij,
corresponding to the 10 distinct 3-fold rotation axes of the icosahedron in dual configuration;
equivalently, the 1,200 W-bracelets in the substrate distribute as 10 bracelets per 600-cell
host vertex x 120 host vertices.

e On-axis with n at radius ¢/2. Under vertex-aligned Reading C (72 = vpest, FI-C-RC-2),
the 10 W-bracelets centered on wvhest have centroid ey = (p/2)n exactly — on the n axis
(Finding C-W36) [8]. By contrast, the K3-base (§4.1) sits transversely off-axis at
¢ér -7 =1+/3/2 (30 off-axis). The two substrate objects are distinguished by transverse
centroid placement: K3-base 3-fold off-axis, W-bracelet 6-fold on-axis.

e 6 vertices among the 12 first-shell. The W-bracelet’s 6 hexagonal vertices are 6 of the
12 first-shell vertices of the icosahedron at veg (the other 6 first-shell vertices participate in
the bracelet’s antipodal partners; §7.4). All 6 satisfy the first-shell-coordination identity

Vj - Vhost = ()0/2

7.2 Substrate-Locality Unification (Finding C-W40)

Theorem 3.1 (§3.3) was proved as a structural statement about any subset of first-shell vertices at
Uhost: under vertex-aligned Reading C, the substrate edge perturbation pattern (Eq. (1)) preserves
the local Ij, symmetry of the first-shell icosahedron at O(e), with isotropic radial scaling

(1 —€/(2¢)) on host-to-first-shell edges and zero perturbation on first-shell-to-first-shell edges
(Egs. (2)-(3)). The theorem applies uniformly to the W-bracelet’s 6 first-shell vertices.

Corollary 7.1 (Substrate-Locality Unification on first-shell substrate objects). Under
vertez-aligned Reading C (FI-C-RC-1 + FI-C-RC-2, §2.1) with Theorem 3.1 in force, any
substrate object built from first-shell vertices of the icosahedron at vp.s: inherits the substrate-level
chirality magnitude x = € = ¢ =3 from the same identification of §3.4 (Lemma 3.3). In particular:

1. The K3-base (3-vertex triangular face of the first-shell icosahedron; Finding C-W37, §2.1)
inherits x.

2. The W-bracelet (G-vertex Petrie hexagon of the first-shell icosahedron; Finding C-W36, §7.1)
inherits x.

3. Any other first-shell-vertex substrate object (e.g., ¢qDP/eDP substrate objects at first-shell
positions; §14.3, forthcoming v2.0 sections) inherits x.

The chirality content at substrate level 1s sector-independent: a single substrate parameter x,
sourced from FI-C-RC-1’s primitive 4D direction 1, feeds each sector’s chirality matriz element
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calculation via cage-shell averaging on the sector’s stabilizer.

Proof. Direct application of Theorem 3.1. The substrate-level identification x = € from Lemma 3.3
is global at substrate level — it is the magnitude of the n-induced edge-perturbation parameter —
and does not depend on which first-shell substrate object is being considered. Each sector’s
chirality matrix element calculation accesses the substrate parameter via its sector-specific
cage-shell averaging on its sector-specific stabilizer subgroup of the substrate residual Hs = I}, but
the substrate parameter feeding the calculation is the same y across all sectors. [J O

This is Finding C-W40 of the working sketch (§14, Patch 0425 Session 130) [8], registered
programme-level as the Substrate-Locality Unification structural foundation for the
OPEN-SD-CHIR-PRIMITIVE umbrella’s cross-sector unification claims.

7.3 The W-bracelet Dy stabilizer and matter-doublet E-irrep

The W-bracelet stabilizer is the dihedral group Dg of order 12 (SF-2 v1.0 Theorem 4.2 [14]). As
an abstract group, Dg = S3 X Zg — isomorphic to the K3-doublet’s Dg stabilizer (§5.1) but in a
different conjugacy class within the substrate residual Hs = I: the K3-doublet’s Dg is one of 10
D3, sub-stabilizers (at the icosahedron’s 10 3-fold rotation axes), while the W-bracelet’s Dg is one
of 10 Petrie-polygon sub-stabilizers (at the icosahedron’s 10 hexagonal Petrie polygons in dual
configuration).

The W-bracelet’s 6 hexagonal vertices form a single transitive Dg-orbit with vertex stabilizer Cy of
order 2:

Vbracelet = ’D6’/‘CQ‘ = 12/2 = 6. (13)
The 6-vertex permutation representation of Dg, with permutation character
P = (6,0,0,0,2,0) on the six Dg conjugacy classes {e,r3, {r,7°}, {r?,r*}, 0., 04} (class sizes
{1,1,2,2,3,3}), decomposes as:

Xiracelet = A1 ® B1 @ E1 © Ey, (14)

bracelet

verified by Schur inner-product decomposition against the standard Dg character table (dimension
check: 1+1+2+2=6v) [8].%¢

V—A current irrep identification. The W-bracelet’s V-A coupling content arises from the
bracelet’s 120/240 phase bias under Dg symmetry (alternating-polarity placement of 3 x (+eCP),
3 x (—=eCP), 3 x (+qCP), 3 x (—qCP); SF-2 v1.0 PROP-SF-2-5 [14]). The Dg irrep whose Cp
generator has eigenvalues eF2mi/3 (matching the 120/240 phase bias) is Es; both 2D irreps E1, s
are present in the permutation decomposition Eq. (14) with multiplicity 1 each, and the
phase-bias argument selects Fo as the carrier of the W-bracelet’s V—A chirality content. For the
Schur-orthogonality cage-shell factor computation, the load-bearing input is the matter-doublet’s
dimension dr = 2, which both £y and FEs satisfy.

25Working sketch §15.4 (Patch 0427 Session 131) gives the explicit Schur inner-product computation: aa, =
(64+6)/12 = 1; an, = (6 —6)/12 =0; ap, = (6+6)/12 =1; ap, = (6 —6)/12 = 0; ap, = (124 0)/12 = 1;
ag, = (124 0)/12 =1.
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7.4 The icosahedral-center inversion (" (Finding C-W43)

The W-bracelet’s Dg = S5 X Zs realization on the substrate has a concrete geometric content: the
Zs generator ¢V = 3 (the half-turn central element of dihedral Dg) is realized in 4D ambient as
the icosahedral-center inversion.

Definition 7.2 (Icosahedral-center inversion (V). The W-bracelet’s Zo generator ¢V is the affine
inversion in R* through the W-bracelet centroid cyy = (p/2)n:

M ip i —p. (15)
W has linear part —I (which flips i — —n, hence is chirality-flipping at substrate level) plus a
translation by pn that returns the W-bracelet centroid to itself. The linear-part —I realization
establishes ¢ as an inversion in the standard sense.
Lemma 7.3 (¢" stabilizes the W-bracelet via antipodal-pair structure). For any first-shell vertex
v of the 600-cell satisfying v -7 = ¢/2 and |v|> = 1, the image (v = i — v satisfies
(CWv) -0 = @/2 (still on the first shell of vhost) and |CWov|? =1 (still on the unit 3-sphere S3).
The 6 W-bracelet vertices factor as 3 antipodal pairs {v;, vai}izl,zg under ¢ ; the bracelet’s
Dg = S3 X Zo acts as S3 permuting the 3 antipodal pairs and Zg = (CW) swapping the 2 elements
within each pair.

Proof. For v € S3 with v -7 = ¢/2:

(ph—v) 7 = p—v-f = p—p/2 = ¢/2,

and
loh —o]* = @* =20(v-A)+ o = ® —p?+1 = 1.

So ¢Wv remains in the first-shell hyperplane {z € S3: z - 7 = ¢/2}. Since the first-shell
hyperplane intersects S° in a 2-sphere on which the icosahedron’s 12 vertices sit, ("Y' maps each
first-shell vertex to its antipodal partner within the first-shell icosahedron (the diametrically
opposite first-shell vertex in the embedding 2-sphere). The W-bracelet’s 6 vertices come in 3 such
antipodal pairs by Petrie-hexagon symmetry. The Dg = S3 X Zo realization on 3 pairs x 2
within-pair follows from the standard dihedral structure decomposition. [ O

The antipodal-pair structure is the concrete geometric content of the W-bracelet’s chirality-flipping
Zs generator. Verification via the 6-vertex permutation representation: under the S3 X Zg <> Dg
irrep identification (41 @ ¥ = A1; Ay ® 0 = B1; EQ WK = Ey; E® o = Ey), the permutation
decomposition Eq. (14) reads A1 @ B1 ® E; @ F1 = (A1 KF) @ (A1 ®0)® (EK) @ (F®o),
consistent with the Lemma 7.3 factorization.

7.5 The W-bracelet doublet basis and ¢}"("-EVEN pairing

The W-bracelet’s matter-doublet basis is constructed by direct analog of the K3-doublet’s pairing
convention (§4.2, Finding C-W12) [7]. The Ss-side amplitude factors live in the standard 2D
E-irrep on the 3 antipodal pairs:

1 1

76 2

where the 3 components correspond to the 3 antipodal pairs of bracelet vertices. 1/1(_1) is
o!V-EVEN under the S5 reflection ¢}V that fixes pair 1 and swaps pairs 2, 3 (components 2 and 3
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equal); %Z)(_Q) is 0}V-ODD (components 2 and 3 negate). This is identical algebraic structure to the
K3-doublet’s amplitude factors (§6.3); the physical content differs only in that S5 acts on 3
antipodal pairs (W-bracelet) rather than 3 K3 vertices.

The Zs-side perpendicular wavefunctions are the (W-EVEN/ODD combinations on the
within-pair structure:

= ST = ) = IV, a7
with x%¥ ¢("W-EVEN (symmetric within-pair combination) and x" ¢-ODD (antisymmetric).
Parallel to K3’s x4 (§4.3), the x}/ are EVEN/ODD components of the substrate orientation field
at the W-bracelet location under the chirality-flipping operation ¢"V'. The structural distinction
from K3 is concrete: K3’s antipodal partners lie outside the K3-base (on the antipodal face of the
icosahedron), so K3’s x4 are 1-dim abstract degrees of freedom; W-bracelet’s antipodal partners
lie within the bracelet (Lemma 7.3), so !/ are concrete linear combinations of bracelet vertex
states. The abstract algebraic structure is identical [8].27

Applying the o}V ¢(W-EVEN pairing convention (the K3-analog Finding C-W12 pairing) to the
W-bracelet:

W = Wy e ByDg), 8P = 9P e e Ei(Dy). (18)

EVEN for ‘11(_2). The W-bracelet doublet basis spans 1-dim in Es and 1-dim in Ej, exactly parallel
to the K3-doublet’s Fs @ E; structure — in neither sector is the doublet a pure Dg irrep, but
rather a specific 2D projection of Ey @ E; under the EVEN-pairing convention.

Both basis states satisfy o1V (" -EVEN: EVEN x EVEN = EVEN for ¥; ODD x ODD =

7.6 The W-bracelet chirality matrix element |[M"| = x/6

The chirality operator at the W-bracelet, sourced from the substrate primitive direction 7,
transforms under Dg = S3 X Zs as:

OV € Ba(Ds) = Az(S3) @ 0(Zs),

with Ay on the S3 side (the sign-of-permutation 1D irrep) and o on the Zy side (("V-ODD, since
¢" flips 7 and hence chirality). This is the same Bo(Dg) assignment as the K3-doublet’s chirality
operator (§4.4), confirmed via Wigner-Eckart bookkeeping:

e Syside. F Aa@ E=E®F=A;® Ay ® E contains A;(S3)v .
e 75 side. ¥ ® 0 ® 0 = ¥ contains the trivial irrep v".
e Composite. A;(S3) ® ¥(Zz2) = A1(Dg): matrix element (Es|Bs|E7) is non-vanishing.

The o}V¢(W-EVEN pairing convention of §7.5 is load-bearing for the non-vanishing: without the
opposite-parity within-pair pairing (e.g., if both doublet states were in pure Fs), the Zs-side
calculation would give ¥ ® 0 @ ¥ = o (not trivial), and the matrix element would vanish.

The matrix element factorizes across the Sz and Zs tensor factors:
1 A 2 1 2
(M| = e EV Y] = (@7, 0) [P [0 1T ) (9)

—
|M 3t |MY|

2"Working sketch §17.6 (Patch 0429 Session 131) develops the concrete-vs-abstract realization distinction.
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Amplitude factor. The Ag-irrep generator T, (b") = ib"' SV on the 3-antipodal-pair £(S3)
basis has the same spectral structure as K3’s T4,(b) (Lemma 5.1): eigenvalues {0, +b"v/3} on the
E-doublet by abstract S3 representation theory. Applying the chirality-eigenvalue matching
principle (FI-C-7, Finding C-W23 [7]) — the same principle that fixes b = x/v/3 on the
K3-doublet via identification of T4, eigenvalues with substrate-level chirality eigenvalues £+x of éx
— gives BV = x/V/3, so

MLl = bVVE = (20)
Cage-shell factor. The cage-shell averaging on the W-bracelet is via the same icosahedral cage
that hosts the K3-doublet — per Corollary 7.1, both K3-doublet and W-bracelet sit in the
first-shell icosahedron at vhest- The cage-shell factor is therefore |MY| = dr/Viage = 2/12 =1/6
where dr = 2 is the dimension of the W-bracelet matter-doublet’s E(S3) irrep and Veage = 12 is
the icosahedral cage vertex count shared with the K3-doublet [8]:%

dr 2 1

MY = = = = 21
| M7 | Vo 12 6 (21)

Composite. Substituting Eqgs. (20)—(21) into Eq. (19):

W 1 _x _¢?°
M7 = x5 =% 5 0.039 (22)

The W-bracelet’s chirality matrix element is identical to the K3-doublet’s |[M%3| = x/6 of
Theorem 6.1. The cross-sector unification is achieved at full Layer 3 numerical-content level.

7.7 Cross-Sector Substrate Chirality Unification Theorem
(THEO-SD-CHIR-1)

The four-step proof chain assembled in §§7.2-7.6 establishes the K3-doublet <+ W-bracelet
cross-sector unification theorem.
Theorem 7.4 (Cross-Sector Substrate Chirality Unification (THEO-SD-CHIR-1)). Under
vertez-aligned Reading C (FI-C-RC-1 + FI-C-RC-2, §2.1) with the local-Ip-preservation theorem
(Theorem 3.1) and the substrate-level identification x = € = ¢~ (Lemma 3.3) in force, the
composite chirality matriz elements on the K3-doublet (mass-mizing sector) and the W-bracelet
(electroweak V-A sector) are identical at full Layer 3 rigor:

-3

MK = |MY| = % = % ~ 0.0394. (23)

The unification is mediated by the four-step proof chain: (i) local-Iy-preservation at vpost
(Theorem 3.1); (ii) Substrate-Locality Unification (Corollary 7.1); (iii) cage-shell factor identity
M| =2/12=1/6 on the icosahedral cage shared by both sectors (Eq. (21); identical to
Lemma 6.3); (i) pairing-convention identification via the icosahedral-center inversion W
producing the oV (W -EVEN matter-doublet basis (Definition 7.2; Lemma 7.3; Eq. (18)). The

28The cage-shell factor’s mechanism is cage-shell averaging on the shared 12-vertex icosahedron (working sketch
§17.10 refinement, Patch 0429), not Schur orthogonality on the bracelet’s intrinsic 6-vertex Dg orbit. Numerically
these agree because |Dg| = Veage = 12 (the K3 paper’s Veage = |Dg| “non-coincidence”, §6.4), but the cage-shell
interpretation is the structurally correct one consistent with Substrate-Locality Unification (both sectors share the
icosahedral cage).
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single substrate parameter x feeds both sectors via two cage-shell averaging operations on the same
12-vertex icosahedral cage with the same effective 2D matter-doublet irrep dimension despite
distinct sector-specific stabilizers (Dsq at the K3-doublet’s 3-fold axis; Petrie-polygon Dg at the
W-bracelet’s Petrie hexagon,).

Proof. Step (i): Theorem 3.1 (§3.3). Step (ii): Corollary 7.1 (§7.2). Step (iii): The cage-shell factor
on the shared icosahedral cage is dr/Veage = 2/12 = 1/6 for both sectors — for the K3-doublet via
Lemma 6.3 (§6.4); for the W-bracelet via Eq. (21) (§7.6). Step (iv): The pairing-convention
identification — Definition 7.2 for ¢ (§7.4), Lemma 7.3 for the antipodal-pair stabilizer
structure, Eq. (18) for the W-bracelet matter-doublet basis (§7.5) — produces the o" ¢"W-EVEN
doublet states |\I»'(_1)>W7 \\IJ(_2)>W € Ey @ Eq on which the chirality operator CA’;V € B3(Dg) has
non-vanishing matrix element via Wigner-Eckart. The matrix element factorizes per Eq. (19) into
amplitude factor | MY, | = x (Eq. (20)) and cage-shell factor [M}"| =1/6 (Eq. (21)), giving

|MW| = x/6 (Eq. (22)). Combining with Theorem 6.1 (|M*3| = x/6) gives Eq. (23). O O

Remark 7.5 (Programme-level registration of THEO-SD-CHIR-1). THEO-SD-CHIR-1 was
registered programme-level as theorem #63 in the CPP theorem-registry (Patch 0434 Session 132)
under the four-condition test pattern established by THEO-CAP-1 (Patch 0397): rigorous proof
chain, numerical verification, empirical prediction validated, honest scope-limitation framing [2].
The theorem-registry entry inherits THEO-CAP-1’s foundational input stack FI-C-1 through
FI-C-10 plus the two Reading C foundational inputs FI-C-RC-1 + FI-C-RC-2; AXIM-1, AXIM-2,
AXIM-4, AXIM-7 are most load-bearing per Picture B substrate-orientation-field framework.
Honest scope-limitation: a Q5-PAIRING register-then-resolve pattern (Patches 0428— 0429 in the
working sketch [8], sketch §16— §17) preserved the analytical state of the pairing-convention
question through Layer 2 conservative composite closure before Layer 8 resolution via the
icosahedral-center inversion identification of §7.4. Open verification at Layer 4: SF-2 V-A
coupling continuum-EFT closure (OPEN-FP-SF-2-CHIR registered in Research_Frontier.md [3])
delivers the 75%-finite-mass to 100%-massless-helicity kinematic projection from the
substrate-physics handle x /6 of Eq. (23); the v2.0 paper presents the substrate handle, not the
Layer 4 kinematic projection.

7.8 Cross-sector implications: three-way unification anticipated

THEO-SD-CHIR-1 establishes that the K3-doublet and W-bracelet sectors share substrate
chirality content at the matrix-element-content level: a single substrate parameter y = ¢ 3 feeds
both manifestations through structurally identical algebraic content (amplitude x + cage-shell
1/6) on isomorphic-but-distinct Dg sub-stabilizers of the substrate residual Hs = Ij,. The
OPEN-SD-CHIR-PRIMITIVE umbrella [3] registers this as the first of five anticipated cross-sector

unifications:

e (i) Mass-mixing chirality. Capotauro K3-doublet sector; |[M*3| = x/6 via Theorem 6.1.
Unified with (i) by THEO-SD-CHIR-1.

e (ii) Electroweak V—A. SF-2 W-bracelet sector; |M"| = x/6 via Theorem 7.4. Unified
with (i) by THEO-SD-CHIR-1.

e (iii) Electromagnetic handedness. SM-2 qDP/eDP polarization patterns. Cross-sector
closure registered programme-level as THEO-SD-CHIR-2 (theorem #64, Patch 0440 Session
133) [2]; flagship-paper-section presentation in the forthcoming §6 v2.0 qDP/eDP sector.
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Predicted |M9°F| = /6 identical to (i) and (ii) at full Layer 3 rigor; three-way unification
achieved at substrate level.

e (iv) Thermodynamic causal arrow. Future-window work under the umbrella;
sector-specific { generator and antipodal-pair structure to be identified.

e (v) Cosmological-vacuum asymmetry. Future-window work under the umbrella;
sector-specific ¢ generator and antipodal-pair structure to be identified.

The three-step closure pattern — substrate-locality at Layer 2 (Corollary 7.1); sector-specific
cage-shell factor at Layer 3 via cage-shell averaging on the shared icosahedral cage; sector-specific
pairing-convention identification at Layer 3 via analog perpendicular-wavefunction structure
(Definition 7.2 pattern) — is structurally complete across the first three manifestations
(mass-mixing K3 / electroweak V-A W / electromagnetic qDP-eDP) with identical numerical
content x/6 ~ 0.0394 at substrate level. The umbrella’s unification-at-magnitude-level claim (a
single number x/6 across structurally distinct sector mechanisms with distinct ¢ generators) is the
substantive cross-sector unification result that v2.0 presents at flagship-paper rigor; the v1.0
paper’s K3-only |M| = x/6 prediction is a sub-result within this larger claim.

The primary empirical reading of |[M"W| = x/6 at the V-A current level (Eq. (23)) feeds the SF-2
V-A coupling continuum-EFT closure (OPEN-FP-SF-2-CHIR; the substrate handle x/6 being the
substrate-physics input to SF-2’s Layer 4 kinematic projection from finite-mass to
massless-helicity limit) and constitutes a substrate-level prediction in its own right: the V-A
current’s intrinsic chirality magnitude at substrate level is the same x/6 ~ 0.0394 that the
parity-violation asymmetry Apy g realizes on the K3-doublet sector (§9). The v2.0 master
predictions table (89, forthcoming rewrite) consolidates the cross-sector substrate-level predictions
across all three manifestations into a unified prediction set.

8 The qDP/eDP Sector: Three-Way Cross-Sector Unification

The K3-doublet (§4-§6) and W-bracelet (§7) sectors deliver |[M%3| = |M"| = x/6 on the
mass-mixing and electroweak V—A manifestations of the substrate chirality. This section extends
the same substrate-physics machinery to a third manifestation — the SM-2 qDP /eDP
electromagnetic-handedness mechanism [10] — and derives |M%°F| = x /6, completing the
three-way cross-sector unification at substrate level under the OPEN-SD-CHIR-PRIMITIVE
umbrella [3]. The result is registered programme-level as THEO-SD-CHIR-2 (qDP /eDP Sector
Substrate Chirality Closure Theorem; theorem #64 in the CPP theorem-registry [2], registered
Patch 0440 Session 133); the four-step proof chain is developed in working sketch §18-§20 [8].

The qDP /eDP sector exposes a structural element that the K3-doublet +» W-bracelet pair did not
surface: the chirality coupling involves not only substrate-geometric content (vertex direction) but
also substrate-charge content (qCP-sign). The pairing-convention Zy generator for this sector —
the analog of K3’s ¢ and W-bracelet’s ("' — is therefore not a pure geometric inversion but the
combined C'P operation (host-CP-centered spatial inversion + n-flip + qCP-sign flip). This is the
substantive structural refinement of v2.0 that the W-bracelet sector alone could not produce: the
three-step closure pattern (substrate-locality + cage-shell factor + pairing-convention
identification) is confirmed as robust across substrate objects of distinct vertex-counts (3 for K3, 6
for W-bracelet, 1 for qDP, 0 for eDP) and stabilizer types (Dsq, Dg, Csy/Dsq, Iy) with
structurally distinct ¢ generators (pure geometric inversion for K3/W; combined C'P for qDP) but
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identical numerical magnitude x/6 ~ 0.0394 at substrate level.

8.1 SM-2 qDP/eDP substrate characterization: Linear vs Orbital ZBW

Per SM-2 v1.0 §5 + §6 + Glossary [10], the qDP/eDP distinction in CPP is a
ZBW-configuration-type distinction, not a Dipole-Point-particle-type distinction. Both qDP and
eDP refer to the same fundamental object — a Dipole Point (DP) in the polarized DP cloud
around a central CP — but in different Zitterbewegung (ZBW) configurations distinguished by
the number of unbound substrate dimensions d:

e Orbital ZBW DP (eDP). d = 0 unbound dimensions (¢ = 1). The DP is bound to the
central CP in a spherically symmetric orbital state with no preferred substrate direction.
Present in all fermions (charged leptons and quarks); produces spin and magnetic moment
via SM-2 §5.

e Linear ZBW DP (qDP). d = 1 unbound dimension (o ~ 8.3 x 1073). The DP extends
along a single linear axis through the substrate, picking out one preferred direction. Present
only in down-type quarks via SM-2 §10; contributes the second 1/3 charge reduction giving
—1/3 for down-type vs +2/3 for up-type.

The SM-2 §10 mechanism for the up/down asymmetry is the Capotauro chiral-polarity bias [10]:
the 600-cell’s intrinsic chirality, activated during the Capotauro symmetry-breaking event,
preferentially stabilizes Linear ZBW configurations on —qCP centers. This is the substrate-level
claim that the qDP/eDP sector verifies: the Linear ZBW configuration’s energetic stabilization is
sourced from the same substrate chirality magnitude y = ¢~3 that underwrites the K3-doublet
and W-bracelet sectors, via the Substrate-Locality Unification framework of §7.2.

8.2 The qDP and eDP substrate objects on the first-shell icosahedron

Under vertex-aligned Reading C (§2.1) with the central CP positioned at the host vertex vpest of a
600-cell vertex, the qDP and eDP configurations are characterized as substrate objects on the
first-shell icosahedron:

gDP (Linear ZBW): 1-vertex first-shell subset. The Linear ZBW DP’s d = 1 unbound
dimension extends along a single first-shell vertex direction. The natural substrate-object
characterization is the I-vertexr subset {v;} of the first-shell icosahedron, where v; is the specific
first-shell vertex direction along which the Linear extra points. The orbit-stabilizer theorem gives
the qDP’s stabilizer within the local Ij:

|Gypp| = |In|/|vertex orbit| = 120/12 = 10, (24)

identifying the point group of order 10 fixing one icosahedral vertex as Cs, = Zs x Zy (the 5-fold
rotation around the vertex axis together with 5 reflections through containing meridian planes).

eDP (Orbital ZBW): trivial subset. The Orbital ZBW DP’s d = 0 unbound dimensions
corresponds to a spherically symmetric orbital state with no preferred substrate direction. The
substrate-object characterization is the trivial subset of first-shell vertices — the symmetric
configuration over all 12 first-shell vertices with no orientational preference. The eDP’s stabilizer
is the full local symmetry group: Gepp = I, of order 120.

Substrate-Locality Unification applied. Both the gDP and eDP substrate objects occupy
first-shell subsets in the sense of Corollary 7.1: the qDP is a 1-vertex first-shell subset and the
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eDP is the trivial (0-vertex) first-shell subset. Both inherit substrate chirality content from the
global substrate identification y = € = ¢ =3 of Lemma 3.3 via cage-shell averaging on their
respective stabilizer subgroups of the local I. The Substrate-Locality Unification framework
applies uniformly.

eDP as chirality-neutral reference. Under cage-shell averaging on the eDP’s full I, stabilizer
with the chirality operator transforming as A, (I) (pseudoscalar, the operator’s I, irrep per the
Reading C n-sourced transformation properties), the matrix element vanishes by group-theoretic
orthogonality: A, ® A, ® Ag = Ay, 7 Ay in Ij,. The Orbital ZBW configuration carries zero
substrate chirality content at substrate level — it is the chirality-neutral reference configuration
against which the symmetry-breaking Linear ZBW configuration’s chirality magnitude is
measured. The non-vanishing qDP-sector chirality magnitude derives from the Linear-ZBW
configuration’s C5, (refined to Dsg4, §8.3) stabilizer.

8.3 The vanishing-matrix-element complication and antipodal-pair refinement

Applying the §15-8§17 Schur-orthogonality pattern naively to the qDP sector’s Cj, stabilizer: the
qDP matter-state localized at v; transforms as the trivial Ay irrep of Cs, (the wavefunction at the
stabilizer’s fixed vertex is invariant under all Cs,, elements by definition); the chirality operator
branches as A, (Iy) } A2(Csy) (1D pseudoscalar, character (1,1, 1, —1) matching A2(Cs,) exactly).
The Wigner-Eckart matrix element (A;]|A2|A;) is non-vanishing iff A; ® As ® A1 D A; in Cs,.
Computing: A1 ® Ao ® A1 = Ay p Ay. The matriz element vanishes under the naive 1-vertex
framing.

The vanishing contradicts the SM-2 §10 chiral-polarity-bias claim [10]| of a non-zero substrate-level
chirality coupling between qDP configurations on opposite-sign qCP centers. The resolution
requires extending the qDP substrate-object characterization from a 1-vertex subset {v;} to a
2-vertex antipodal pair {v;, —v;}, with stabilizer Dsq C Ij, of order 20 (the orbit-stabilizer theorem
gives |I|/6 = 20 for the 6-antipodal-pair orbit on the icosahedron). The structural parallel is to
the W-bracelet’s antipodal-pair structure (§7.4): the W-bracelet’s 6 vertices factor as 3 antipodal
pairs under ("' = icosahedral-center inversion; the gDP’s antipodal-pair refinement factors the
qCP-sign x vertex-direction state space under a generalized inversion that flips both. This is the
gDP-sector analog of the Q5-PAIRING register-then-resolve pattern that produced Definition 7.2
for the W-bracelet; for the qDP sector the analog open structural sub-question is Q6-PAIRING,
resolved in §8.4 [8].2Y

8.4 The combined-CP operation (’* (Finding C-W46)

The qDP-sector pairing-convention Zs generator (4P is identified as the combined CP operation
— host-CP-centered spatial inversion combined with n-direction flip combined with qCP-sign flip.
Definition 8.1 (Combined-C P operation (¢°F). The gDP-sector Zy generator C4PF is the
combined operation

capr O — — +qCP — FqCP, (25)

29Q6-PAIRING register-then-resolve pattern: working sketch §19 (Patch 0438 Session 133) registered Q6-PAIRING
as the open sub-question with three candidate resolutions (Candidate A: antipodal-pair Dsq refinement with
combined-C'P (; Candidate B: matter-state to non-trivial Cs, irrep, disfavored by SM-2 substrate physics; Can-
didate C: alternative chirality-operator irrep beyond A, (l3), fallback-only); sketch §20 (Patch 0439 Session 133)
resolved toward Candidate A as developed in §8.4 below.
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acting on the joint qCP-sign x Linear-ZBW-direction state space at the host CP. The three flips
together preserve the substrate’s overall chirality content (the Capotauro mechanism’s three-way
coupling — wvertex direction, i direction, and qOP-sign — transforms consistently under (IPT ).

The structural justification for the combined-C P identification: spatial inversion alone preserves
qCP-sign in CPP (charge is parity-EVEN under bare spatial inversion), so spatial inversion alone
cannot serve as the analog of the W-bracelet’s (" — it would not produce a non-trivial pairing on
the qCP-sign x vertex-direction state space and Eq. (25)’s non-trivial pairing on the 4-state
representation {|+,v), |+, —v),|—,v),|—, —v) } would not arise. The Capotauro mechanism’s
distinguishing feature is the qCP-sign x 7 coupling (SM-2 §10: chirality bias preferentially
stabilizes Linear ZBW on —qCP centers [10]); under any “Capotauro-coupling-preserving”
transformation, qCP-sign and 7 must flip together. The natural such transformation is CP —
spatial inversion combined with charge conjugation — with n-flip following from 7’s parity-ODD
pseudoscalar nature (Reading C’s A, (I}) irrep assignment). This is a structurally richer pairing
operation than the W-bracelet’s pure 4D geometric inversion of Definition 7.2: the qDP sector’s
chirality coupling involves both substrate-geometric content (vertex direction) and
substrate-charge content (qCP sign), whereas the W-bracelet’s coupling involved only
substrate-geometric content.

8.5 Matter-doublet basis under ¢/”"(“?P-EVEN pairing

The qDP matter-doublet basis is constructed by direct analog of the K3-doublet’s (§4.2) and
W-bracelet’s (§7.5) pairing conventions, with (¢°F in place of ¢ or ¢WV:
1 DP,(2) 1

gPPMy +,0) + |—, —v)), pes = —(|+,v) — |-, —v)), 26

W) \/5(!>| ) Wz ﬂ(\>\ ) (26)
where |+, +v) denotes the configuration with qCP-sign + at host and Linear-ZBW pointing along
+v. The pair {|+,v), |-, —v)} are (?”P-conjugate (related by the combined C'P operation
Eq. (25)), so the EVEN/ODD combinations of Eq. (26) span the analog of K3’s and W-bracelet’s
matter-doublet 2D subspace.

Transformation properties.

e Under ¢P” (combined CP): \\I’q_DP’(l)> is C?PP_EVEN (symmetric under |+, v) < |—, —v));
(w?PP@)y 5 caPP_ODD.

e Under bare 09°F (a perpendicular Cy dihedral of Dsq): v — —v but qCP-sign unchanged.
|+, v) — |+, —v), which is not in the matter-doublet basis — it exits the 2D subspace.

e The matter-doublet 2D subspace is closed under ¢9°F but not under bare ¢?P”. The
relevant 2D subspace is the UilDPCqD P_EVEN projection, where O’?DP is the matter-state

symmetric-EVEN/ODD distinction (analog of K3’s o1 amplitude index and W-bracelet’s
w

al’).
Under Dj, irrep decomposition, the 4-state representation {|+,v), |+, —v),|—,v), |—, —v)}
decomposes as 2414 @ 242, (each irrep occurring with multiplicity 2). The a‘llDPCqD P_EVEN
pairing convention of Eq. (26) selects a specific 2D subspace of A1, @ A, as the
physically-relevant matter-doublet for the chirality coupling, exactly parallel to K3’s 2D E-irrep
doublet and W-bracelet’s 2D Ey @& E; subspace structure (Eq. (18)).
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8.6 Chirality operator CabP ¢ Asy(Dsq) and matrix element

The chirality operator at the qDP sector, sourced from the substrate primitive direction n
(FI-C-RC-1, §2.1), transforms under D54 with character (1,1,1,—1,—1,—1,—1,1) on the 8 D54
conjugacy classes {E, 2Cs,2C2,5C3, i,2S510, 253y, 504} — the Agy(Dsq) assignment:

CIPP ¢ Ayy(Dsg) (1D ungerade irrep). (27)

The transformation properties: C9PF s trivial on proper rotations 2C5, 2052 around the v-axis
(rotational invariance), sign-flipping on the 5 perpendicular Cy dihedrals (pseudoscalar), and
¢4PP_ODD on the inversion i (under combined C'P both the pseudoscalar nature of 7 and the
charge-conjugation factor contribute; the net effect is ¢??7-ODD). Eq. (27) is the qDP-sector
analog of the Ba(Dg) = A2(S3) ® 0(Zs) assignment for K3-doublet (§4.4) and W-bracelet (§7.6).

Wigner-Eckart non-vanishing. The composite chirality matrix element between the
matter-doublet basis states <\I/‘iDP’(1)\C’qD P |\IJq_DP7(2)) is verified non-vanishing by ¢4P"-parity
bookkeeping: [T} is ¢(¢PP_EVEN, [¥?2)) is ¢?PP_ODD, C9PF is (4PP_-ODD; the product (EVEN
x ODD x ODD = EVEN) contains the ¢?PP-trivial component required for non-vanishing matrix
element. Equivalently, the matter-doublet’s 2D subspace of A1y @ Ag,, in Dsq gives:

<Alg | Azy | A2u> : Alg ® Aoy ® Aoy = Alg D A1g v,

non-vanishing.

Matrix element factorization. The matrix element factorizes via the same algebraic structure
as the K3-doublet (§6) and W-bracelet (Eq. (19)):

e Amplitude factor. Via chirality-eigenvalue matching (FI-C-7 analog of K3 Finding
C-W23 [7]): the matter-doublet’s amplitude structure within the ¢¢P-pairing produces
spectral radius v/3 on the 2D doublet basis, identified with substrate primitive chirality
eigenvalues £y giving amplitude coefficient b9°F = x/v/3 and amplitude factor

Mgy | =b1PP V3 = x.

e Cage-shell factor. Via cage-shell averaging on the icosahedral cage shared with the
K3-doublet and W-bracelet sectors (Corollary 7.1): the cage-shell factor is
dr/Veage = 2/12 = 1/6 where dr = 2 is the matter-doublet’s effective dimension (2D
subspace of A14 ® Ay, in Dsg, paralleling K3’s 2D E-irrep and W-bracelet’s 2D Ey @ F;
subspace) and Veage = 12 is the icosahedral cage vertex count shared across all three sectors:
dr 2 1

MIPF| = = = = - 28
| 1 | ‘/cage 12 6 ( )

Composite. Substituting the amplitude factor and Eq. (28):

MIPP| = [MIDP| M) =yt = X P 0030 29
MR = |MEEPL M) = g = X = P om0 (29)

The qDP-sector chirality matrix element is identical to the K3-doublet’s (Theorem 6.1) and the
W-bracelet’s (Theorem 7.4).
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8.7 qDP/eDP Sector Substrate Chirality Closure Theorem
(THEO-SD-CHIR-2)

The four-step proof chain assembled in §§8.2-8.6 establishes the qDP /eDP sector substrate
chirality closure theorem.

Theorem 8.2 (qDP/eDP Sector Substrate Chirality Closure (THEO-SD-CHIR-2)). Under
vertez-aligned Reading C with substrate chirality magnitude x = € = ¢~ from
THEO-SD-CHIR-1’s Substrate-Locality Unification (Corollary 7.1), the composite chirality matriz
element on the ¢qDP/eDP sector (SM-2 §10 chiral-polarity-bias / electromagnetic-handedness
mechanism [10]) is at full Layer 3 rigor:

-3
IMePP| = X — P 0.0304, (30)
6 6

identical to |M*3| (Theorem 6.1) and |MW| (Theorem 7.4). The unification is mediated by the
four-step proof chain: (i) Substrate-Locality Unification applied to ¢gDP/eDP via Linear ZBW
d =1 as I-vertex first-shell subset {v;} with Cs, stabilizer and Orbital ZBW d = 0 as trivial subset
with full Iy, stabilizer (§8.2); (i1) antipodal-pair refinement to Dsq stabilizer resolving the naive
(A1]|A2] A1) vanishing (§8.3); (iii) pairing-convention identification via the combined C'P operation
CIPP (Definition 8.1) producing the afDPCqDP—EVEN matter-doublet basis (Eq. (26)); (iv)
Wigner-Eckart factorization on Dsq with CIPP € Ay, (Dsq) (Eq. (27)) producing the composite
Eq. (29).

Proof. Step (i): §8.2, applying Corollary 7.1 to the qDP and eDP substrate objects. Step (ii):
§8.3, antipodal-pair refinement from Cj, (vanishing (A;]|A2|A1)) to D54 (non-vanishing via the
combined-C'P pairing). Step (iii): Definition 8.1 (Eq. (25)) and Eq. (26) (§8.5). Step (iv):

Eqgs. (27)—(29) (§8.6); the matrix element factorizes via Wigner-Eckart on D54 into amplitude
factor |M§mé3 | = x (chirality-eigenvalue matching) and cage-shell factor

\MJI_DP\ = dr/Veage = 2/12 = 1/6 (cage-shell averaging on the icosahedral cage shared with
K3-doublet and W-bracelet), giving Eq. (30). O O

Remark 8.3 (Programme-level registration of THEO-SD-CHIR-2). THEO-SD-CHIR-2 was
registered programme-level as theorem #6J in the CPP theorem-registry (Patch 0440 Session 133)
under the four-condition test pattern of THEO-CAP-1 / THEO-SD-CHIR-1 [2]. The
theorem-registry entry inherits THEO-SD-CHIR-1’s foundational input stack (FI-C-1 through
FI-C-10 from THEO-CAP-1; FI-C-RC-1 + FI-C-RC-2 from §2.1) plus SM-2 v1.0
§5+§6+Glossary substrate characterization of Linear vs Orbital ZBW configurations as additional
foundational input from the SM-line corpus [10]. AXIM-1, AXIM-2, AXIM-4, AXIM-7 are most
load-bearing per Picture B substrate-orientation-field framework; AXIM-1 additionally load-bearing
for qCP-sign parity-EVEN intrinsic property in CPP (load-bearing for Definition 8.1’s
combined-C'P identification). Honest scope-limitation: a Q6-PAIRING register-then-resolve
pattern (working sketch §19—§20, Patches 0438—0439 [8]) preserved the analytical state of the
pairing-convention question through Layer 2 conservative composite closure before Layer 3
resolution via the combined-C' P identification of Definition 8.1. Open verification at Layer 4:
SM-2-sector chiral-polarity-bias EFT continuum-limit calculation closing the substrate handle x /6
of Eq. (30) to numerical Linear-ZBW-on-—qCP stabilization energy at observable scales [3].
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8.8 Three-way cross-sector unification: |M%:| = |MW| = |MPF| = /6

Combining Theorem 6.1 (K3-doublet), Theorem 7.4 (K3-doublet <+ W-bracelet unification), and
Theorem 8.2 (qDP/eDP closure):

x _ ¢3
|MEs = | MY = |MPPP| = § =5 0.0394. (31)

A single substrate parameter y = ¢ 3, sourced from the substrate primitive 4D direction 7

(FI-C-RC-1) under the vertex-aligned reading 7 = vpest (FI-C-RC-2), feeds three observable
manifestations of the substrate chirality at substrate level. The cross-sector unification is achieved
at full Layer 3 numerical-content level across structurally distinct sector mechanisms.

Manifestation comparison. The three sectors are distinguished structurally by their stabilizer
subgroups of substrate Hs = Ij, their ¢ generators (and the space on which ¢ acts — 3D position,
4D ambient, or internal C' x P product), their matter-doublet Dsq/Dg/D3sg-irrep content, and
their chirality operator irreps, but share an identical algebraic structure (matter-doublet effective
dimension 2; chirality operator 1D ungerade; cage-shell factor 2/12 = 1/6 on the shared
icosahedral cage):

~

Manifestation Stabilizer ¢ generator ¢ acts on Cy | M|
irrep
(i) Mass-mixing (K3) Dsq C I, 3D  inversion 3D position  Ba(Dg) x/6

(K3 centroid)

(ii) Electroweak V-A Dg  (Petrie 4D icos.-center 4D ambient  Ba(Dg) x/6
(W) hexagon) inversion

(iii) EM handedness Djsq (antipo- combined CP  internal C' x  Ag,(Dsq) x/6
(qDP/eDP) dal pair) P

The three ¢ generators act on structurally distinct spaces: (%3 is a pure 3D spatial inversion on
the K3 substrate object; ¢ is a pure 4D ambient inversion through the W-bracelet’s icosahedral
centroid; (?PF is a product of internal charge-conjugation and 3D spatial parity. The
structural-distinction-with-magnitude-identity content is the v2.0 substantive result:
dimensionally and operationally distinct ¢ generators yield the same |M| = x/6 via the shared
substrate-locality + cage-shell + Wigner-Eckart machinery.

Unification-at-magnitude-level claim. The OPEN-SD-CHIR-PRIMITIVE umbrella registers
a structurally distinct claim from a mere mechanism-level unification: the cross-sector unification
asserts not just that all three sectors source their chirality content from the same substrate
primitive direction 7 (mechanism-level unification, achieved at Layer 2 via Corollary 7.1, Finding
C-W40), but additionally that all three sectors produce the same numerical magnitude x /6 at
substrate level despite structurally distinct ¢ generators and stabilizer types (magnitude-level
unification, achieved at Layer 3 via Theorem 7.4 for (i)+(ii) and Theorem 8.2 for (iii)). The
magnitude-level claim is the stronger and more substantive: it predicts that the empirical chirality
content of mass-mixing parity-violation, electroweak V—A coupling, and
electromagnetic-handedness asymmetries all read x/6 ~ 0.0394 as their substrate-physics handle,
prior to sector-specific Layer 4 kinematic projections to observable scales.

Five-manifestation umbrella prediction. The OPEN-SD-CHIR-PRIMITIVE umbrella
anticipates two additional observable manifestations of the substrate chirality at substrate level [3]:
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e (iv) Thermodynamic causal arrow. Future-window work; sector-specific { generator
likely involves PCD-cycle ordering / DI-bit propagation direction.

e (v) Cosmological-vacuum asymmetry. Future-window work; sector-specific { generator
likely involves the Capotauro-nucleation-event sign-selection mechanism (related to
OPEN-SM-4 sub-claim (a), §12.1).

The three-step closure pattern templated by the K3-doublet, W-bracelet, and qDP/eDP sectors —
substrate-locality at Layer 2; sector-specific cage-shell factor at Layer 3 via cage-shell averaging on
the shared icosahedral cage; sector-specific pairing-convention identification at Layer 3 via analog
Zs generator and antipodal-pair structure — is anticipated to extend to manifestations (iv) and
(v) under the same structural pattern with sector-specific ¢ generators yet to be identified. The
umbrella’s eventual full closure prediction: |[M V)| = |M™)| = x/6 at substrate level, extending
the three-way unification of Eq. (31) to five-way unification across all observable manifestations of
the substrate chirality.

9 Master Predictions: Cross-Sector Substrate-Physics Handles

This section consolidates the v2.0 paper’s empirical-content claims across the three observable
manifestations of substrate chirality unified at substrate level by Theorems 6.1 (K3-doublet;
THEO-CAP-1), 7.4 (K3-doublet +» W-bracelet; THEO-SD-CHIR-1), and 8.2 (qDP/eDP;
THEO-SD-CHIR-2). The K3-doublet sector delivers the paper’s primary empirical prediction at
flagship-paper rigor: the parity-violation asymmetry Aprr = x/6 ~ 0.0394, validated within 2%
of the leptogenesis-back-derived empirical anchor ~ 0.04 (§§9.1-9.6.5, preserved at v1.0 content
with v2.0 framing extension). The W-bracelet (§9.7) and qDP/eDP (§9.8) sectors deliver
substrate-physics-handle predictions |M"W| = |[MPP| = x /6 ~ 0.0394 at substrate level; these feed
sector-specific Layer 4 continuum-EFT kinematic projections in sibling-flagship-paper work (SF-2
v2.0+ for the W-bracelet’s V-A coupling at the massless helicity limit; SM-2 v2.0+ for the
qDP/eDP chiral-polarity-bias EFT continuum-limit calculation) registered as open work in the
Research Frontier [3]. The cross-sector predictions consolidation (§9.9) collects the three sectors’
substrate handles into a single prediction set; the future-window predictions (§9.10) forward-point
to manifestations (iv) thermodynamic causal arrow and (v) cosmological-vacuum asymmetry

under the OPEN-SD-CHIR-PRIMITIVE umbrella’s eventual five-way closure.

9.1 The parity-violation asymmetry observable

The parity-violation asymmetry Apyr in CPP measures the difference between left-handed and
right-handed substrate-level chirality projections on the K3-doublet of charged-lepton states. At
substrate level, the observable is the expectation value of the chirality observable C between the

K3-doublet basis states ]<I>(_1)> and \@(_2)>:
Appr = |(@]Cy[22). (32)

The standard Wigner-Eckart reading identifies this matrix element with the parity-violation
asymmetry directly — the off-diagonal chirality matrix element between the two TBM-aligned
K3-doublet states encodes the substrate-level left-right asymmetry as a scalar magnitude.

The identification Aprr = |M| rests on three observations:
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1. Off-diagonal structure: a chirality bias produces an off-diagonal matrix element between
states of opposite chirality. The K3-doublet basis {\@@), |@(_2) )} in the
perpendicular-wavefunction extension (§4.3) has |<I>(_1)> x |x4) and \<I>(_2)> o« |x—) with
opposite (-parity; the diagonal matrix elements <<I>@|CA'X|<I>@> vanish by (-parity selection.

2. Scalar magnitude: the chirality observable’s By irrep content (§4.4) ensures the magnitude
|M| is a Dg-invariant scalar.

3. Substrate-to-observable transmission: the matrix element transmits the
substrate-vacuum chirality magnitude x (FI-C-9) to the K3-doublet-level observable via the
eight-step proof of Theorem 6.1.

9.1.1 Candidate experimental signatures

What would experimentalists measure? The chirality matrix element |M| is the
K3-doublet-level parity-violation asymmetry transmitted from the substrate-vacuum chirality
magnitude |y| = ¢~ through the cage-shell averaging factor 1/6 to the substrate-physics
observable scale ApL Rr. At the substrate level it is the off- dlagonal matrlx element of the Bo-irrep
chirality operator Cy between the two K3-doublet basis states {|<I> > ]<1> )} on the icosahedral
cage. At the phenomenological level it is the parity-violation asymmetry between left-handed and
right-handed K3-doublet eigenstates of weak-interaction processes mediated by the doublet — but
the K3-doublet structure is not directly accessible in current flavor-basis observables, because
substrate-level chirality is averaged out in conventional weak-interaction measurements. The
empirical anchor at Aprr =~ 0.04 used in this paper is the leptogenesis back-derivation from the
cosmological baryon asymmetry np (§9.3); this is an inferred value one structural-numerical level
removed from direct laboratory measurement.

Four experimental access routes. Direct K3-doublet-level measurement is not currently
feasible. Four indirect access routes connect the substrate-level observable to measurable
quantities, in order of inference-chain length from substrate to laboratory:

1. Direct K3-doublet parity-violation (presently inaccessible): precision parity-violation
asymmetries in charged-lepton beta decays with K3-doublet structure resolved at the
substrate level. Requires a precision-electroweak experimental programme not yet
undertaken; the experimental signature exists in principle but not in current practice.

2. Indirect via precision electroweak (HL-LHC Run 4-5, FCC-ee if built): W boson decay
angular distributions and Z pole asymmetries at sub-percent precision probe the K3-doublet
structure indirectly through the cage-shell coupling pattern inherited from SF-2’s W bracelet
Dg stabilizer (FI-C-4). The chirality matrix element feeds into the W* catalyst framework;
precision-electroweak constraints on the catalyst framework therefore indirectly constrain
Aprr. Loose at current precision; tightens with HL-LHC.

3. Indirect via precision PMNS (JUNO, DUNE, Hyper-K): future SF-2 v2.0+ Q11 work
(§12.3) will deliver the explicit |M| — sin? 63 relation at theorem level. Once that relation
is closed, per-mille-precision PMNS measurements translate to constraints on Aprr. Longer
inference chain than route 2, higher experimental precision.

4. Cosmological back-derivation refinement (Planck-class, CMB-S4): improved np
measurements tighten the leptogenesis back-derived anchor for Aprr below the current
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~ 10% uncertainty (§9.5). Same inference framework as the current anchor, with reduced
uncertainty.

Honest framing of the experimental landscape. At the v1.0 ship, no route delivers direct
K3-doublet-level Apyr measurement at the +2% precision the Capotauro prediction warrants.
The paper’s primary empirical content is the structural-numerical consistency between

x/6 =~ 0.0394 and the leptogenesis back-derived ~ 0.04 at the 2% level (§9.5); direct K3-doublet
measurement awaits future experimental work registered in §12.5. Routes 2 and 3 are the most
likely pathways to non-cosmological empirical engagement on the 2026-2035+ horizon, depending
on which experimental programmes proceed.

9.2 Predicted value

Substituting Theorem 6.1 into Eq. (32):

-3
— ¥ ~0.0394. (33)

[<

Ap%;dicmd _ ‘M| _ ;

The prediction is at zero free parameters: every numerical input to Eq. (33) is either a
foundational input (FI-C-9: |x| = ¢~3; FI-C-10: |[M | = 1/6) or a CPP axiom-derived structural
fact (the Wigner-Eckart factorization on Dg). No fitted parameter enters the derivation.

9.3 Observed value

The empirical anchor for Appr at the CPP scale is
ApPEeed & 0.04, (34)

inferred from the cosmological baryon asymmetry ng = (6.12 4 0.04) x 10719 [29] via the standard
leptogenesis back-derivation [5]. The empirical anchor 0.04 is therefore not a direct measurement
of any single laboratory observable; it is a parameter inferred from the cosmological baryon
asymmetry under the leptogenesis framework. The historical Capotauro paper [5] states the
back-derivation explicitly: under the standard leptogenesis machinery with the K3-doublet of
charged-lepton substrate states as the seesaw partner, the observed np requires a chirality bias of
approximately 0.04 in magnitude.

9.4 Agreement within 2%
Direct comparison of Eq. (33) and Eq. (34):

Ap%;(%dmted . Apcik};erved B 0.0394 — 0.04
ApoLlEerved B 0.04

~ —1.6%.

The agreement is at the 2% level on the magnitude scale. The CPP programme’s typical
empirical-pattern matching at 1-2% at integer counts and substrate primitives (SS-7 twelve nuclei
to 1.5%; SM-9 top quark to 0.02%; SF-4 o, = 2719 to 2%) is reproduced here: pattern strength at
integer counts (Veage = 12; dg = 2) is the load-bearing empirical signal, not multi-decimal-place
fitting precision.
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9.5 What 2% agreement means

This subsection is explicit about the epistemic status of the 2% agreement claim. Three honest
framings:

Framing 1: structural-numerical consistency, not precision laboratory test. The
empirical anchor Ap%k}%er"ed ~ 0.04 is a parameter back-derived from 7np via leptogenesis, not a
direct measurement of a single laboratory observable. Consequently, the 2% agreement is a
consistency check at the structural-numerical level — the substrate-derived x /6 value is consistent
with the leptogenesis-back-derived 0.04 at the level of precision afforded by the back-derivation
framework. This is not a precision laboratory measurement of Apyr at the K3-doublet level; such

a measurement would require a CPP-native parity-violation observable that is not yet identified.

Framing 2: the back-derivation framework is the empirical anchor’s source of
uncertainty. The 0.04 value depends on the leptogenesis-equation parameters, the seesaw
machinery, and the standard cosmological inputs. A change in any of these (e.g., refinements in np
from future Planck-class experiments; refinements in the leptogenesis-equation calibrations from
precision-electroweak data) could shift the empirical anchor by ~ 10% either direction. The 2%
agreement at v1.0 is therefore meaningful at the structural-pattern level (predicted value is in the
right ballpark with the right substrate-physics scaling) but should not be over-interpreted as
precision-test passing.

Framing 3: future direct-measurement falsifier. The strongest falsification test of

Theorem 6.1 would be a direct laboratory measurement of Apyr on the K3-doublet of
charged-lepton substrate states. Such a measurement is not currently available; identifying the
experimental signature is registered as future work in §12. When the direct measurement becomes
available, the x/6 ~ 0.0394 prediction is sharply falsifiable: an observed value outside +2% of the
predicted value would falsify either Theorem 6.1 (e.g., FI-C-10 is wrong) or FI-C-9 (chirality
magnitude # p~3).

The honest framing is registered explicitly because the alternative — claiming 2% precision-test
passing without the back-derivation caveat — would overclaim the empirical content of the v1.0
closure. The Capotauro paper’s empirical prediction is one observable at one scale; the 2%
agreement is a meaningful but not definitive consistency check.

9.6 Why this prediction is structurally constrained

A common reviewer concern with empirical-match claims involving the golden ratio is that the
framework may have enough flexibility to produce some agreement with some observable through
post-hoc parameter selection. This subsection addresses that concern directly by enumerating the
framework’s degrees of freedom and showing that the prediction |M| = x/6 =~ 0.0394 is not the
outcome of selecting parameters to match 0.04 — it is the outcome of three independently fixed
structural inputs whose composition has no free parameter at v1.0.

9.6.1 Enumeration of the framework’s degrees of freedom

The Capotauro chirality matrix element |M| is built from three structural inputs:

1. The substrate primitive chirality magnitude |y|. Fixed by FI-C-9 at ¢ 3. The
selection ™3 over ¢! or 72 is argued forward from the perturbativity constraint on the
chirality primitive (§2.4): the substrate’s primitive chirality must preserve the geometric
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structure at zeroth order; only ¢ 3 is the first natural-distance-ratio scale at which this
holds. The uniqueness argument (§2.4.4) is independent of the empirical anchor.

2. The cage-shell averaging factor |M | |. Fixed by FI-C-10 at dg/Viage = 2/12 = 1/6 via
Schur orthogonality. Both numbers are integer counts with zero free parameter: dg = 2 is
the dimension of the E-irrep of S3 (a structural fact from group theory); Viage = 12 is the
number of vertices in the icosahedral cage (a structural fact from SM-1’s four-cage
taxonomy, fixed by 600-cell geometry). The factor 1/6 emerges as the unique
Schur-orthogonality coefficient on the cage’s Dg stabilizer.

3. The substrate-physics parameter b. Fixed by the chirality-eigenvalue matching
principle (§6.3) at b = x/v/3. Once x is fixed in input 1, b is fixed by the
eigenvalue-matching condition without any additional parameter.

The composite matrix element |M| = |Mg,| - |M,| = x - (1/6) = x/6 = ¢~3/6 ~ 0.0394 has zero
free parameters: every factor entering the composition is structurally fixed by foundational inputs
or by axiom-derived structural facts. There is no calibration step at any stage of the derivation.

9.6.2 Alternative outcomes the framework could have produced

To clarify the structural constraint, this subsection enumerates the alternative outcomes the
Capotauro mechanism could have produced if any of the three structural inputs had been different.

Different cage hosting the K3-doublet. The icosahedral cage at Viage = 12 is selected by the
600-cell’s first-shell structure and SM-1’s particle-type taxonomy. If a different cage hosted the
K3-doublet — e.g., tetrahedral V = 4, dodecahedral V' = 20, icosidodecahedral V' = 30 — the
cage-shell averaging factor would be:

o Viage = 4 (tetrahedral): |M | | = dg/Viage With Veage = [Ty or related stabilizer| = 24 giving
|My|=1/12, hence | M| = x/12 ~ 0.0197

o Viage = 20 (dodecahedral): |M | =2/60 = 1/30, hence |M| = x/30 ~ 0.0079
e Viage = 30 (icosidodecahedral): |M | =2/120 = 1/60, hence |M| = x/60 ~ 0.0039

None of these alternative outcomes would match the empirical anchor ~ 0.04. The icosahedral
cage at Viage = 12 is the unique cage assignment producing a Capotauro chirality matrix element
in the right empirical range.

Different irrep content of éx' The chirality observable transforms in By of Dg (§4.4), with
K3-amplitude content in the As irrep of S3. If C’X instead had A; content (the trivial
representation; da, = 1), the averaging factor would be [M | | = 1/12 giving |M| = x/12. If C,
had a higher-dimensional irrep content, the averaging factor would adjust correspondingly. The
specific value | M | = 1/6 reflects the specific irrep content of the chirality observable, which is
forced by the substrate’s primitive chirality structure ((-ODD assignment from Finding C-W11;
01-ODD K3-amplitude from §5.5). The chirality observable’s irrep is not chosen — it is forced by
the physical interpretation of the operator.

Different substrate chirality magnitude. If |x| were o~ ~ 0.618, the predicted |M| would be
©~1/6 =~ 0.103, off by factor 2.6 from observation. If |x| were ¢ =2 ~ 0.382, the predicted | M|
would be ¢ ~2/6 ~ 0.064, off by factor 1.6. If || were =% ~ 0.146, the predicted |M| would be
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©~4/6 ~ 0.0243, off by factor 1.6 the other direction. Only ¢~ produces |M| in the right
empirical range, and the ¢ =3 selection follows forward from the perturbativity constraint (§2.4).

9.6.3 Structural constraint vs parameter fitting
The contrast between the present derivation and parameter fitting is sharp:

e Parameter fitting would proceed: observe Aprpr =~ 0.04; adjust framework parameters
until the prediction matches; declare success. Under parameter fitting, the framework has
enough flexibility to match any empirical anchor (within its parameter ranges), and the
match itself carries little structural information.

e Structural derivation (the present case) proceeds: fix the substrate primitive chirality
from the perturbative-distance-ratio constraint (o~3); fix the cage-shell averaging factor from
group theory (1/6); fix the substrate-physics parameter from chirality-eigenvalue matching
(x/V/3); compose without further parameter choice (x/6); compare to empirical anchor.
Under structural derivation, the prediction is either consistent with observation (as it is here
at the 2% level) or it isn’t; there is no flexibility to “tune” the prediction toward observation.

The 2% agreement at | M| ~ 0.0394 vs ~ 0.04 is therefore structurally restrictive, not
numerologically suggestive: the framework’s degrees of freedom are exhausted by the three
structural inputs, none of which is freely adjustable.

9.6.4 Probabilistic-rarity argument

A complementary way to see the constraint: the structural inputs (Veage, dg, |x|) are drawn from
finite discrete sets. The cage assignment is among {4, 12,20, 30} (the four cages of SM-1’s
taxonomy). The irrep dimension is among {1, 1,2} (the S3 irrep dimensions). The chirality
magnitude scale is among {1, 072,073, 0™* ...} (the natural distance-ratio scales).

The number of structurally accessible (Veage, dE, |X|) triples in the framework’s natural range is on
the order of 4 x 3 x 5 & 60 combinations. Of these 60 combinations, only the specific

(Veage, i |X]) = (12,2, ¢3) produces a |M| value within £10% of the empirical anchor ~ 0.04.
The probability of landing within +10% by chance under
uniform-distribution-over-natural-discrete-choices reasoning is therefore ~ 1/60 ~ 1.7% for £10%
matches and substantially smaller for the £2% match actually achieved.

This is not a formal statistical claim — the natural-discrete-choices have no formal prior — but it
captures the qualitative content: the Capotauro framework is structurally constrained to a small
region of empirical-prediction space, and the match to observation at the +2% level is meaningful
rather than arbitrary.

9.6.5 What this argument establishes (and does not establish)

What it establishes. The x/6 ~ 0.0394 prediction at the empirical anchor ~ 0.04 is a
structurally constrained empirical match, not parameter fitting. The structural constraint is
sharp: the framework’s degrees of freedom are exhausted by three foundational inputs, none freely
adjustable.

What it does not establish. The argument does not establish that the framework is correct —
only that it is empirically nontrivial. Specifically: the structural derivation could still be wrong at
the foundational-input level (FI-C-9 could be wrong; FI-C-10 could be wrong; the cage assignment
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could be wrong), and any of these failures would falsify Theorem 6.1. The argument establishes
that if the foundational inputs are right, then the empirical match is constrained, not chance.
Whether the foundational inputs are right is the v2.0+ sub-claim work (§12.1, §12.2, §12.4).

The combination of structural constraint (this subsection) and honest framing of the
back-derivation provenance (§9.5) is the v1.0 paper’s full epistemic statement on the empirical
match: the prediction is empirically nontrivial under the conditional foundational-input
assumption, with explicit honesty about both what is conditional and what is empirically tested.
The v2.0 cross-sector unification strengthens this epistemic statement substantially: the same
substrate-physics handle x/6 now produces three independent sector-specific predictions, each
with its own empirical anchor and each with the same structural-input chain. The
probability-of-coincidence argument scales accordingly — the v1.0 single-sector structural
constraint at ~ 1.7% for a £10% match becomes a substantially tighter joint structural constraint
across three sectors at v2.0, although the cross-sector predictions for the W-bracelet and

qDP /eDP sectors are presently at substrate-handle level rather than at direct empirical-anchor
level (§89.7-9.8).

9.7 Wo-bracelet sector substrate handle: V—-A coupling chirality magnitude

The W-bracelet sector (§7, Theorem 7.4) delivers a second substrate-physics-handle prediction:
the V-A coupling chirality magnitude at substrate level is
-3

‘MW‘substrate = X = LN 0.0394, (35)

6 6
identical in magnitude to the K3-doublet’s |M%3| via the Substrate-Locality Unification of
Corollary 7.1. The V-A coupling in W*-mediated electroweak interactions is the SF-2 v1.0
flagship paper’s central content [14]| (Theorem THEO-SF-2-5, PROP-SF-2-5,
OPEN-FP-SF-2-CHIR); the substrate handle of Eq. (35) is the substrate-physics input to that
paper’s kinematic projection from finite-mass V-A coupling at ~ 75% to the
massless-helicity-limit V-A coupling at 100%.

9.7.1 Substrate handle vs Layer 4 kinematic observable

The Wigner-Eckart factorization of Theorem 7.4 delivers the chirality matrix element on the
W-bracelet’s substrate-level matter-doublet basis {|\IJ(_1)>W, ]\Il(_2)>W} at the icosahedral cage of the
host vertex. The corresponding empirical V—A coupling observable in laboratory measurements
(e.g., charged-current pion decay nt — ptv,; muon decay p™ — etr.i, with V—A chirality
structure; W* decay angular distributions at LHC) is the kinematic projection of this substrate
handle to the observable-scale fermion-mass and helicity-eigenstate basis.

The kinematic projection is the SF-2 v1.0 flagship paper’s Layer 4 territory [14]|: SF-2 establishes
the V=A coupling structure at the helicity-eigenstate level via the W-bracelet’s Dg stabilizer, and
registers OPEN-FP-SF-2-CHIR as the open Layer 4 work that closes the substrate-to-observable
kinematic projection. The v2.0 Capotauro paper supplies the substrate-physics handle x/6 that
this Layer 4 calculation requires as input; the explicit numerical V-A coupling at the
massless-helicity limit is a downstream sibling-flagship-paper deliverable.
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9.7.2 Falsifiability of the substrate-handle prediction

The substrate-handle prediction | MW |supstrate = X/6 is falsifiable indirectly through three
converging routes:

1. SF-2 v2.0+4 Layer 4 closure: the kinematic projection of the substrate handle to
observable-scale V-A coupling must reproduce the observed V —A structure of
weak-interaction processes at sub-percent precision. An incorrect substrate handle would
propagate to the Layer 4 projection and produce kinematic-observable discrepancies. The
route is unavailable until SF-2 v2.0+ delivers the Layer 4 closure (OPEN-FP-SF-2-CHIR).

2. Precision-electroweak constraints (HL-LHC, FCC-ee if built): the W-bracelet substrate
handle indirectly constrains the cage-shell coupling pattern in W*-mediated processes at the
sub-percent level. Precision constraints on the SF-2 cage-shell coupling provide a route to
indirect constraints on |M" |substrate-

3. Cross-sector consistency with the K3-doublet: if the K3-doublet primary empirical
prediction Aprr = x/6 is independently confirmed at experimental precision exceeding the
leptogenesis back-derivation uncertainty (§9.5), the substrate-locality-unification claim
|MW| = |M*®3| becomes a structurally constrained joint prediction across two sectors, with
deviation in either sector falsifying the cross-sector unification at Theorem 7.4 level.

9.8 qDP/eDP sector substrate handle: chiral-polarity-bias magnitude

The qDP/eDP sector (§8, Theorem 8.2) delivers a third substrate-physics-handle prediction: the
chiral-polarity-bias magnitude on the SM-2 mechanism’s preferential stabilization of Linear ZBW
configurations on —qCP centers at substrate level is

-3
IMPP | trate = & = £— ~ 0.0394, (36)

6 6
identical in magnitude to the K3-doublet’s |M*3| and the W-bracelet’s |M"W| via the three-way
cross-sector unification of Eq. (31). The SM-2 chiral-polarity-bias mechanism is the
substrate-physics origin of the down-type-quark —1/3 charge reduction (SM-2 v1.0 §10 [10]); the
substrate handle of Eq. (36) is the substrate-physics input to the SM-2 v2.0-+ Layer 4 EFT
continuum-limit calculation closing the substrate-level chirality magnitude to the numerical
Linear-ZBW-on-—qCP stabilization energy at observable scales.

9.8.1 Substrate handle vs Layer 4 observable

The Wigner-Eckart factorization of Theorem 8.2 delivers the chirality matrix element on the
qDP/eDP matter-doublet basis {‘IIZDP’(I), \IIZDP’@)} at the icosahedral cage of the host CP. The
corresponding empirical observable in laboratory measurements is the stabilization energy of
Linear ZBW configurations on —qCP centers (SM-2 §10), which manifests in the up/down quark
mass and charge asymmetries through the SM-2 mechanism’s chain. The Layer 4 EFT
continuum-limit calculation closing the substrate handle to numerical stabilization energy at
observable scales is the SM-2 v2.0+ flagship paper’s territory; the v2.0 Capotauro paper supplies
the substrate-physics handle x /6 that this Layer 4 calculation requires as input.
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9.8.2 eDP as chirality-neutral reference

The Orbital ZBW (eDP) substrate object is the symmetry-preserving reference configuration with
full I, stabilizer (§8.2). At substrate level the eDP’s chirality matrix element vanishes by
group-theoretic orthogonality (A4, ® A, ® Ay = A, 7 Ay in I}); this is not a separate
substrate-physics-handle prediction but rather the reference baseline against which the qDP’s
non-vanishing |M PP | 1 strate = x/6 is measured. The eDP’s chirality-neutral status is a
structural prediction of the symmetry-breaking-vs-preserving distinction that the
OPEN-SD-CHIR-PRIMITIVE umbrella’s manifestation list templates: symmetry-breaking
substrate objects (K3, W-bracelet, qDP) carry |M| = x/6; symmetry-preserving substrate objects
(eDP) carry |M| = 0.

9.8.3 Falsifiability of the gDP /eDP substrate-handle prediction
The substrate-handle prediction |M aDP |substrate = X/6 is falsifiable indirectly through two routes:

1. SM-2 v2.0+4+ Layer 4 closure: the continuum-EFT projection of the substrate handle to
observable-scale Linear-ZBW-on-—qCP stabilization energy must reproduce the empirically
observed up/down quark mass and charge asymmetries. An incorrect substrate handle
would propagate to the Layer 4 projection and produce mass/charge discrepancies; the route
is unavailable until SM-2 v2.0+ delivers the Layer 4 closure.

2. Cross-sector consistency with the K3-doublet and W-bracelet: paralleling §9.7.2
item 3, an independent confirmation of Apypr = x/6 at experimental precision exceeding the
leptogenesis back-derivation uncertainty would make the three-way
substrate-locality-unification claim |M9PF| = |MW| = |M 3| a structurally constrained joint
prediction across three sectors, with deviation in any sector falsifying the three-way
unification at Theorem 8.2 level.

9.9 Cross-sector predictions consolidation

The three sectors’ substrate-physics-handle predictions consolidate as a unified prediction set:

Sector Substrate handle Theorem Layer 4 route Empirical anchor
(i) K3-doublet |M*%3| = x/6 Thm. 6.1 (CAP-1) direct: Aprr  Aprr ~ 0.04 (leptogenesis)
(i) W-bracelet |M"W| = x/6 Thm. 7.4 (SD-CHIR-1) SF-2 v2.0+ V-A massless helicity limit

(iii) ¢DP/eDP  |[MPP| = v /6 Thm. 8.2 (SD-CHIR-2) SM-2 v2.0+  up/down asymmetry

Joint structural-prediction interpretation. The single substrate parameter x = @3, sourced
from the substrate primitive 4D direction n (FI-C-RC-1) under the vertex-aligned reading

N = Vhost (FI-C-RC-2), feeds three observable manifestations at substrate level with identical
numerical magnitude. The cross-sector unification has zero free parameters: every sector’s
substrate handle is derived from the same FI stack (FI-C-1 through FI-C-10 + FI-C-RC-1 +
FI-C-RC-2) plus the same four CPP axioms (AXIM-1, AXIM-2, AXIM-4, AXIM-7) via
structurally identical four-step proof chains (substrate-locality theorem -+ Substrate-Locality
Unification + cage-shell factor on shared icosahedral cage + sector-specific pairing-convention
identification). The framework’s degrees of freedom are exhausted by the FI stack; no
sector-specific parameter is freely adjustable.
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Strength of the joint structural prediction. The K3-doublet sector (i) is the load-bearing
empirical content: Aprr ~ 0.04 as leptogenesis back-derivation matches the substrate handle

x/6 ~ 0.0394 within 2% at v1.0 / v2.0. The W-bracelet (ii) and qDP/eDP (iii) sectors provide
structural-consistency checks: the substrate handle x/6 is identical across sectors despite
structurally distinct sector-specific mechanisms (¢ generators 3D inversion / 4D icosahedral-center
inversion / combined CP; stabilizer types Dsq / Petrie Dg / Dsq; matter-doublet structures E(S3)
| Es @ Ey | Aig @ Ay, as 2D subspace). The joint prediction is not the K3-doublet number

x/6 =~ 0.0394 alone — which a single-sector framework could deliver — but the structural identity
of the magnitude across three sector mechanisms of structurally distinct algebraic realization,
which a single-sector framework cannot produce. The v2.0 substantive content beyond v1.0 is
exactly this magnitude-level identity across sectors.

Substrate-handle vs Layer 4 distinction. The unified prediction set distinguishes
substrate-handle predictions (the substrate-level chirality matrix element |M| = x/6 on each
sector’s substrate-physics matter-doublet basis) from Layer 4 kinematic-observable predictions
(the projection of the substrate handle to laboratory-observable scales via sector-specific
continuum-EFT calculations). At v2.0, the substrate-handle predictions are at full Layer 3 rigor
across all three sectors; the Layer 4 kinematic-observable predictions are at full Layer 3 for the
K3-doublet (with the back-derivation framework providing the empirical-anchor uncertainty
discussed in §9.5) and at substrate-handle-only level for the W-bracelet and qDP/eDP (with the
Layer 4 closures deferred to SF-2 v2.0+ and SM-2 v2.0+ respectively). The v2.0 paper’s primary
empirical content is the K3-doublet’s Appr = x/6 ~ 0.0394; the W-bracelet and qDP /eDP
substrate handles are predictions in the sense that they fix the substrate-physics input to two
pending Layer 4 calculations, but the explicit Layer 4 observable values are downstream-paper
deliverables.

9.10 Future-window predictions: manifestations (iv) and (v)

The OPEN-SD-CHIR-PRIMITIVE umbrella anticipates two further observable manifestations of
the substrate chirality at substrate level (§8.8) [3]. The manifestations (iv) and (v) are
distinguished as substrate extensions targeting structurally distinct mechanisms with
non-equivalent (-generator content, not as alternative framings of a single underlying phenomenon:
(iv) operates at the PCD-cycle-ordering level via DI-bit-propagation symmetry content, while (v)
operates at the Capotauro-nucleation-event scale via substrate-cosmological-coupling content.
Both inherit the umbrella’s three-step closure pattern (substrate-locality at Layer 2 +
sector-specific cage-shell factor at Layer 3 + sector-specific pairing-convention identification at
Layer 3), but each requires sector-specific closure work to identify its (-generator independently.

e (iv) Thermodynamic causal arrow: the substrate-level mechanism producing the
macroscopic thermodynamic time-asymmetry from the underlying PCD
(Perceive-Compute-Displace) cycle ordering and DI-bit propagation direction (AXIM-3,
AXIM-5). Future-window work; sector-specific ¢ generator likely involves PCD-cycle-reversal
symmetry analog of C'P acting on the DI-bit propagation direction.

e (v) Cosmological-vacuum asymmetry: the substrate-level mechanism producing the
cosmological matter-antimatter asymmetry at the Capotauro-nucleation-event scale
(OPEN-SM-4 sub-claim (a); Q7 cosmological-timing sub-questions of the Reading C closure
trajectory). Future-window work; sector-specific ¢ generator likely involves the
Capotauro-nucleation-event sign-selection mechanism with substrate-cosmological-coupling
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content.

The umbrella’s five-way closure prediction: |M)| = |[M™| = x /6 ~ 0.0394 at substrate level,
extending the v2.0 three-way unification of Eq. (31) to a five-way unification across all five
observable manifestations of substrate chirality. The future-window predictions are at anticipatory
status at v2.0 — the three-step closure pattern (substrate-locality at Layer 2 + sector-specific
cage-shell factor at Layer 3 + sector-specific pairing-convention identification at Layer 3) is
templated, but the specific ¢ (V) and ¢ v) generators await sector-specific identification work in
future v2.0+ patches or sibling flagship papers.

The strongest falsification test of the umbrella’s structural claim would be a manifestation-specific
Layer 3 closure that produces |M )| or |[M ()| # x /6 at substrate level; such a closure would
falsify the Substrate-Locality Unification claim (Corollary 7.1) as the umbrella’s structural
foundation, requiring either a refinement of the unification claim or a re-classification of the failing
manifestation as not within the umbrella’s scope. The v2.0 paper registers the five-way prediction
as the umbrella’s eventual full closure target; the three-way achievement of v2.0 is the first
concrete demonstration of the umbrella’s structural pattern, with the two future-window
manifestations as the remaining substantive closure work.

10 sin®#,3 Posture: Re-scoped to SF-2 v2.0+

This section is the paper’s critical reviewer-honesty section. The Capotauro mechanism’s chirality
matrix element |M| = x/6 on the K3-doublet was originally hoped to feed directly into a
derivation of the PMNS reactor mixing angle sin? #13. A multi-session derivation attempt surfaced
a fundamental obstruction: standard PMNS perturbation theory predicts quadratic scaling

sin? 03 oc |[M|? ~ 0.001, off by factor ~ 21 from the observed sin? #13 = 0.02203 + 0.00056 [27]. A
candidate y structural observation sin® 613 = b-m, = x/(6v/3) = 0.0227 matches observation
within 1o, but it requires linear scaling in the substrate-physics parameters that no standard
perturbation-theory framework provides. The principled response®” is to re-scope the sin? 63
derivation to SF-2 v2.0+ where the appropriate framework can be developed; the Capotauro
paper’s primary empirical prediction remains Apr,g, not sin? 6;3.

10.1 The Sessions 99-101 trajectory and candidate v observation

After Theorem 6.1 was formalized,®' the natural follow-on derivation was attempted: from
|M| = x/6 to sin? 013 via the PMNS perturbation machinery. The numerical observation labelled
candidate v emerged early in the trajectory:

sin2 913 =b- m) = M = L ~ 0.0227. (37)

6 63

This matches the observed sin? #;3 = 0.02203 & 0.00056 [27] within 10 — a striking numerical
coincidence that motivated significant Session 99-100 attention.

The structural reading of candidate 7: the substrate-physics parameter b = y/v/3 from §6.3 times
the cage-shell averaging factor m | = 1/6 from §6.4 gives a linear-in-substrate-parameters quantity.
The match within 1o raised the possibility that sin? 6,3 might emerge directly from the same

30Re-scoping decision reached at Session 101 Patch 0395 after a three-session derivation attempt at Sessions 99-101.
31Theorem formalized at Session 98 Patch 0392; the natural follow-on PMNS derivation attempted Sessions 99—
101 [7].
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substrate-physics inputs that produce |M| = x/6, without requiring additional foundational
structure.

10.2 The linear-vs-quadratic scaling tension

Sessions 99-100 tested the candidate  observation against standard PMNS perturbation theory
and found a fundamental tension. The standard reading is that sin? 0,3 at the PMNS level is the
modulus-squared of a perturbation-amplitude:

2 2
sin? 013 oc [ M|? - 3~ (0.0394)% . 3 ~ 0.00103. (38)

The factor 2/3 in Eq. (38) is the standard PMNS-perturbation coefficient on the
K3-doublet-to-third-eigenmode coupling channel under the SM-5 inheritance framework. The
result = 0.001 is off from observation by factor ~ 21.

Three resolution attempts were tested in Sessions 99-101 and ruled out:

1. Wavefunction-level coupling: the hypothesis that sin? #;3 inherits from the
wavefunction-level coupling |(v3|Capotauro perturbation|v;)|? rather than the PMNS-level
off-diagonal entry. Direct computation gives quadratic scaling at the wavefunction level too:
sin? 13 o | M2 /4 ~ 0.000388, off by factor ~ 64. Ruled out [7].3?

2. Multiple-channel coherent sum: the hypothesis that sin® 613 aggregates over multiple
coherent channels with destructive interference enhancing the leading-order amplitude.
Tested across 22 candidate scalings combining linear and quadratic terms; none reproduces
the observed sin? A3 within 50 without ad hoc parameter tuning.

3. Linear-amplitude reading of sin?6;3: the hypothesis that sin? f;3 should be read as a
linear-in-amplitude quantity rather than modulus-squared. This requires a CPP-specific
perturbation framework in which the leading-order PMNS deviation from TBM is linear in
the substrate-physics parameters; no such framework is available within Capotauro
mechanism’s direct scope.

The 22 candidate scalings exhausted the parameter space accessible within the Capotauro
mechanism alone, given the foundational input stack FI-C-1 through FI-C-10. None produces
sin? @13 at observed magnitude with rigorous derivation.

10.3 The re-scoping decision

The closure trajectory took the principled decision to re-scope the sin? 63 derivation:3

Q11 sin? 03 derivation is re-scoped from Capotauro sub-claim (c) to SF-2
v2.0+ work. The Capotauro mechanism provides |M| = x/6 as chirality coupling
input to the PMNS sector; the precise relation |M| — sin? 63 is the SF-2 framework’s
responsibility.

The re-scoping rests on three principled observations:

1. Scope-of-mechanism: the Capotauro mechanism’s natural output is the substrate-level
chirality matrix element |M| on the K3-doublet. The connection from |M| to PMNS-level

32Direct computation performed at Session 101 Patch 0395.
33Re-scoping decision at Session 101 Patch 0395.
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observables (mixing angles, CP phase) requires the full PMNS perturbation machinery,
which lives in the electroweak-sector flagship paper (SF-2). Re-scoping recognizes the
natural boundary between substrate-level structural derivations (Capotauro) and
PMNS-level perturbation derivations (SF-2).

2. Linear-scaling framework: candidate 7’s 1o match suggests a CPP-specific linear-scaling
framework may exist. Such a framework would need independent structural motivation — a
substrate-physics argument for why the leading-order PMNS deviation from TBM should be
linear in x rather than quadratic. The argument is not available within the Capotauro
mechanism’s direct scope; it requires the broader SF-2 framework’s machinery.

3. Conditional theorem closure discipline: the conditional-closure framework [21] requires
either (a) full closure at the inherited FI level, or (b) explicit re-scoping with reviewer-visible
registration of the residual open work. Pursuing sin? f3 derivation at v1.0 without rigorous
linear-scaling framework would violate condition (a); honest re-scoping per condition (b) is
the principled choice.

10.4 The numerical conjecture as guiding observation for SF-2 v2.0+

Candidate v is registered as a structural observation guiding the SF-2 v2.04 work on sin? 6;3. The
observation is:

sin? 015 Zb. m, = 6\% ~ 0.0227 (within 1o of NuFIT 6.0 0.02203 £ 0.00056). (39)
The question-mark superscript indicates that the equality is registered as a numerical conjecture
awaiting rigorous derivation, not as a theorem-level statement. Future SF-2 v2.0+ work either
delivers the rigorous derivation (yielding linear scaling from a substrate-physics argument and
validating candidate - at theorem level) or honestly accepts candidate  as a numerical
coincidence requiring a different mechanism for sin? 6,3 at the empirical magnitude.

The Capotauro paper neither claims candidate v as a v1.0 theorem nor dismisses it as coincidence.
Its empirical content at v1.0 is the single prediction Aprr = x/6 ~ 0.0394 from Theorem 6.1;
candidate « is forwarded to SF-2 v2.0+ as a registered structural observation. At v2.0 the
empirical-content footprint extends to two additional substrate-physics handles (|M"W| = x/6 from
Theorem 7.4 for the W-bracelet sector, §9.7; |M9PF| = x /6 from Theorem 8.2 for the qDP /eDP
sector, §9.8); these feed sector-specific Layer 4 continuum-EFT projections in SF-2 v2.0+ and
SM-2 v2.0+ flagship work and become operative empirical falsifiers (Falsifiers 6, 7 in §11.3) once
the corresponding Layer 4 closures are achieved. The Capotauro paper’s v2.0 substantive content
beyond v1.0 is the magnitude-level cross-sector unification at substrate level; sin? #;3 remains
re-scoped to SF-2 v2.0+ at both versions.

10.5 Why this is honest scope-limitation rather than ansatz-fitting

This subsection addresses the most likely reviewer concern explicitly. A skeptical reviewer might
ask: “You originally hoped to derive sin® 013 and now you’re saying it belongs to SF-2 v2.0+ — is
this principled or convenient?” The honest answer is: principled, for two reasons.

The alternative would be ansatz-fitting dressed as derivation. Pursuing sin? 6,3 derivation
within the Capotauro mechanism’s direct scope at v1.0 would require either: (i) inventing a
CPP-specific perturbation framework that produces linear scaling without independent structural
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motivation; or (ii) accepting candidate 7 as an empirical fit without rigorous derivation. Option
(i) is unrigorous — the framework would be chosen specifically to produce the observed result,
which is parameter-fitting dressed as derivation. Option (ii) abandons the conditional-closure
discipline that distinguishes CPP from phenomenological models. The honest path is re-scoping.

The re-scoping is structural, not strategic. The natural scope of the Capotauro mechanism
is substrate-level chirality matrix elements (|M|) and direct observables that read those matrix
elements (parity-violation asymmetries Aprr). PMNS-level observables (mixing angles, CP phase)
require additional machinery beyond the chirality matrix element — the PMNS perturbation
framework that lifts the K3-doublet degeneracy lives in the electroweak-sector flagship paper.
Re-scoping recognizes this natural mechanism boundary, not a convenience.

The Capotauro paper at v1.0 takes the principled position: the mechanism’s direct empirical
content is Apyr (validated within 2%); the connection to sin? ;3 is the SF-2
framework’s responsibility. Whether the SF-2 v2.0+ work validates candidate v at theorem
level or finds a different mechanism for sin? 63, the Capotauro paper’s v1.0 substantive content
stands.

11 Cumulative Falsifier Set

This section enumerates the v2.0 falsifier set: eleven candidate falsifiers (one direct empirical at
the K3-doublet sector; three framework-level inherited from v1.0; one cross-sector inherited from
v1.0 covering downstream-paper inconsistencies; three cross-sector unification falsifiers NEW at
v2.0 covering the substrate-handle predictions of Theorems 7.4-8.2 and the umbrella three-way
unification claim; three Reading-C-foundational-input falsifiers NEW at v2.0 covering FI-C-RC-1,
FI-C-RC-2, and the Substrate-Locality Theorem) plus an updated modular-failure-mode
discussion and explicit notable absences. The expanded falsifier set defines the empirical and
structural conditions under which Theorem 6.1 (the K3-doublet primary content; THEO-CAP-1),
Theorem 7.4 (the W-bracelet sector; THEO-SD-CHIR-1), Theorem 8.2 (the ¢DP /eDP sector;
THEO-SD-CHIR-2), and the three-way cross-sector unification claim of Eq. (31) would be falsified
at v2.0.

11.1 Direct empirical falsifier

Falsifier 1: Aprr outside £2% of x/6 ~ 0.0394. A direct measurement (or improved
back-derivation) of the parity-violation asymmetry on the K3-doublet of charged-lepton substrate
states inconsistent with the predicted value 0.0394 at the £2% level would falsify Theorem 6.1 at
the matrix-element prediction level. The current empirical state (Aprr ~ 0.04 via leptogenesis
back-derivation) is consistent with the prediction within the back-derivation framework’s ~ 10%
uncertainty (§9.5). Future direct measurement at the 1% precision level would either confirm or
falsify the prediction sharply.

11.2 Framework-level falsifiers

Falsifier 2: FI-C-3 K3-doublet basis structure error. The K3 antibonding-doublet
TBM-aligned basis at theorem level is inherited from SF-4 v4.0 Composite K3-Cage-Shell
Coupling Theorem (THEO-SF-4-5) [15]. Independent re-derivation revealing the TBM-aligned
basis to be incorrect at theorem level — specifically, that the S3 — S5 branching rule does not
uniquely select {]qb(_l)>, \¢(_2)>} at zeroth order — would falsify FI-C-3 and therefore Theorem 6.1’s
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starting basis. The perpendicular-wavefunction extension |x+) (Session 91, §4.3) is part of the
extended FI-C-3 and is also a falsification target.

Falsifier 3: Substrate primitive chirality magnitude |x| # ¢ 3. FI-C-9 (§2.2) registers

|x| = ¢ & 0.236 as the substrate’s primitive chirality magnitude. A future first-principles
derivation of |x| from CPP axioms (sub-claim (b) work, §12) yielding a value inconsistent with
@3 — for example ¢! ~ 0.618 or =2 ~ 0.382 from a different structural argument — would
falsify FI-C-9. The historical reframing decision?* explicitly selected ¢~ over ¢! and =2 based
on the perturbative-distance-ratio constraint (§2.4); a different first-principles closure of sub-claim

(b) might revisit this selection.

Falsifier 4: FI-C-10 cage-shell extension to chirality observables ruled out. FI-C-10
(§14) extends the cage-shell coupling from mass observables (FI-C-6) to the broader class of
Dg-equivariant observables on K3-doublet states, including the chirality observable C’X. Future
first-principles derivation from primitive CPP axioms (A3 DI-bit propagation + A4 Nexus
connectivity, in SS-corpus territory) revealing that the extension does not hold at theorem level —
e.g., the cage-shell averaging factor for chirality observables differs from dg/Viage = 1/6 — would
falsify Lemma 6.3 and therefore Theorem 6.1. This falsifier is registered as both an open
theorem-level work item (§12) and a falsification opportunity. At v2.0 the falsifier extends across
all three sectors: a refutation of FI-C-10 at the cage-shell level would propagate through
Theorems 7.4 and 8.2 (which share the icosahedral cage’s dr/Veage = 2/12 = 1/6 factor via
Substrate-Locality Unification, Corollary 7.1), falsifying the entire three-way unification of

Eq. (31) rather than only the K3-doublet sector.

Falsifier 9 (NEW at v2.0): FI-C-RC-1 ruled out — primitive 4D direction 7 not
substrate-foundational. FI-C-RC-1 (§2.1) registers the primitive 4D direction 7 € R* as
substrate-foundational — postulated on the same epistemic footing as the existence of the 600-cell
substrate itself. A future Q1’+Q1’.A Layer 3 promotion of # (dynamical, causal, or energetic
derivation of n from primitive CPP axioms AXIM-1, AXIM-2, AXIM-4, AXIM-7) revealing that n
is not substrate-foundational — e.g., that it emerges from a substrate-dynamical mechanism
producing a different magnitude or different structural relation to the 600-cell vertex lattice than
FI-C-RC-1 predicts — would falsify FI-C-RC-1 and propagate through the v2.0 derivation chain.
Specifically, the substrate-level identification y = € = ¢ (Lemma 3.3) depends on 7’s
edge-perturbation magnitude under FI-C-RC-1’s substrate-foundational status; a different
mechanism producing 7 might yield a different identification of x and falsify all three
substrate-handle predictions of Eq. (31) at substrate level. This falsifier is registered as the deepest
v2.0 open work (§12) and a falsification opportunity.

Falsifier 10 (NEW at v2.0): FI-C-RC-2 ruled out — vertex-aligned reading 7 = vpost
fails at Layer 3. FI-C-RC-2 (§2.1) registers the vertex-aligned reading n = vpost at Layer 2 via
three converging arguments (kinematic, energetic, and substrate-physics). A future Q1’ resolution
at Layer 3 (theorem-level derivation of which substrate object 7 aligns with under FI-C-RC-1)
selecting a different reading — e.g., n aligned with a 600-cell tetrahedral-cell center, or with an
edge midpoint, or with no specific lattice substructure — would falsify FI-C-RC-2 and propagate
through the substrate-locality theorem (Theorem 3.1) and the three sector-specific theorems. The

34Session 87 Patch 0381 reframing decision selected ¢ =2 over ¢! and 2 on the basis of the perturbative-distance-

ratio constraint on the substrate’s primitive chirality (§2.4).
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Q1’.A K3-base geometric realization (§2.1, resolved at Layer 2 toward 3-vertex triangular face on
the first-shell icosahedron) is also at falsifier risk under this scenario: a different vertex-alignment
reading would relocate the K3-base on the substrate. This falsifier is structurally weaker than
Falsifier 9 (FI-C-RC-1 is more foundational than FI-C-RC-2), but its falsification would propagate
similarly through all three sector-specific theorems and the three-way unification.

Falsifier 11 (NEW at v2.0): Substrate-Locality Theorem fails at higher order.
Theorem 3.1 (§3) establishes local-Ij-preservation at the host vertex’s first-shell icosahedron at
O(e) in 4D ambient under vertex-aligned Reading C with n = vest. The theorem is rigorous at
first order in € = ¢ ~3; higher-order analysis (O(e?) and beyond) is not addressed at v2.0. A future
higher-order analysis revealing symmetry-breaking that propagates non-trivially through the
cross-sector cage-shell averaging (e.g., the O(e2?) perturbation breaks the cage’s I;, symmetry in a
way that decouples the K3-base, W-bracelet, and qDP/eDP substrate objects from each other,
falsifying the substrate-locality-unification claim of Corollary 7.1) would falsify the three-way
unification of Eq. (31) at the higher-order level. Each individual sector’s matrix element
computation at first order would remain valid, but the magnitude-level identity across sectors
would fail. Higher-order analysis of Theorem 3.1 is registered as v2.0+ open work; the falsification
opportunity is registered explicitly here.

11.3 Cross-sector unification falsifiers

Falsifier 5: Cross-sector inconsistency with SF-2 or SF-4 predictions
(downstream-paper level). The Capotauro chirality matrix element |M| = x/6 feeds into
multiple cross-sector predictions: it provides the substrate-physics chirality coupling for SF-2
v2.0+ work on sin?f;3 and §cp, and the chirality bias machinery for SM-2 work on quark
up/down asymmetry. Any future SF-2 v2.0+ or SM-2 derivation that uses |M| = x/6 as input
and yields a downstream observable inconsistent with empirical data — where the inconsistency
traces specifically to the | M| input rather than to other framework components — would falsify
Theorem 6.1 end-to-end. The cross-sector falsifier is structural: the Capotauro mechanism cannot
deliver |M| = x/6 as input to SF-2 and SF-4 while remaining consistent with SM-2 and SM-5 if
those downstream predictions fail.

Falsifier 6 (NEW at v2.0): W-bracelet substrate handle |[M"| # x/6. Theorem 7.4 (§7)
establishes |[M"W |supstrate = X/6 ~ 0.0394 via the four-step proof chain (local-Ij,-preservation +
Substrate-Locality Unification + cage-shell factor on shared icosahedral cage + pairing-convention
identification via icosahedral-center inversion ¢, Definition 7.2). A future SF-2 v2.0+ Layer 4
continuum-EFT closure of OPEN-FP-SF-2-CHIR |14, 3| that produces a numerical V-A coupling
magnitude inconsistent with the substrate handle x/6 — where the inconsistency traces
specifically to the substrate handle of Eq. (35) rather than to the Layer 4 kinematic projection
from finite-mass to massless-helicity limit — would falsify Theorem 7.4 at the substrate-handle
level. Structurally distinct failure modes within this falsifier: (i) Q5-PAIRING resolution via ¢
= icosahedral-center inversion (Finding C-W43) is incorrect (alternative resolution required); (ii)
cage-shell factor |[M|V| = 1/6 identity with K3-doublet’s factor is incorrect (the K3 paper’s

Veage = | Dg| “non-coincidence” may not extend to the W-bracelet in some refined analysis); (iii)
chirality-eigenvalue matching principle (FI-C-7 analog) fails on the W-bracelet’s E(S3)
matter-doublet basis. Each failure mode points to a different next-steps decision; modular
diagnostic work would identify the failure source.
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Falsifier 7 (NEW at v2.0): qDP/eDP substrate handle |AM%°F| # x /6. Theorem 8.2 (§8)
establishes | M PP | pstrate = X/6 = 0.0394 via the four-step proof chain (Substrate-Locality
Unification applied to qDP/eDP + antipodal-pair refinement to D54 stabilizer + combined-CP
identification (7P, Definition 8.1 + Wigner-Eckart factorization with C4PF € Ay, (Dsq)). A
future SM-2 v2.0+ EFT continuum-limit calculation [10] that produces a numerical
Linear-ZBW-on-—qCP stabilization energy inconsistent with the substrate handle x/6 — where
the inconsistency traces specifically to the substrate handle of Eq. (36) rather than to the EFT
continuum-limit projection — would falsify Theorem 8.2 at the substrate-handle level.
Structurally distinct failure modes within this falsifier: (i) Q6-PAIRING resolution via (4P —
combined-C'P (Finding C-W46) is incorrect (alternative Candidate B or C from the Q6-PAIRING
register-then-resolve cycle may be required, §8.3); (ii) antipodal-pair refinement from Cs, to Dsq
stabilizer is incorrect (Q6-PAIRING resolution via alternative substrate-object characterization
required); (iii) chirality operator irrep identification CaPP ¢ Agy(Dsq) is incorrect (different Dsgy
irrep gives different selection rules and different matrix element value). Modular diagnostic work
would identify the failure source.

Falsifier 8 (NEW at v2.0): Three-way magnitude unification claim fails. The
OPEN-SD-CHIR-PRIMITIVE umbrella’s substantive structural claim is the magnitude-level
identity across three structurally distinct sector mechanisms with distinct ¢ generators:

|ME3| = |MW| = |MPP| = x/6 at substrate level (Eq. (31)). A future independent confirmation
that any two of the three sectors yield distinct | M| values at substrate level — even with each
sector’s individual matrix element computation remaining valid at its sector-specific Layer 3 rigor,
but the magnitude-level identity across sectors failing — would falsify the three-way unification
claim. Possible mechanisms: (i) Substrate-Locality Unification (Corollary 7.1) fails for one of the
three sectors at higher-order analysis (Falsifier 11 propagation); (ii) the substrate-level
identification x = e (Lemma 3.3) holds for one sector but not another (e.g., the K3-base’s
local-Ij-preservation produces x g, = € but the qDP’s 1-vertex first-shell subset produces

XqDP # € at refined analysis); (iii) the cage-shell averaging factor dr/Veage = 2/12 =1/6 is
sector-dependent at higher rigor (the Viage = |Dg| = 12 “non-coincidence” from the K3-doublet
may not extend to the W-bracelet’s Petrie-polygon Dg or to the qDP/eDP’s D5, in a structurally
consistent way). A failure of Falsifier 8 would falsify the OPEN-SD-CHIR-PRIMITIVE umbrella’s
structural claim of magnitude-level cross-sector unification while leaving individual sector matrix
element computations potentially valid; the umbrella’s eventual five-way prediction (§9.10) would
also be falsified by such a result.

11.4 Modular falsification scenarios

Falsifier-to-theorem mapping (summary). The eleven falsifiers stratify by primary
theorem-level or foundational-input target. Each falsifier failing at theorem-level rigor points to a
specific next-steps closure work item:
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#  Falsifier (short form) Primary target Failure points to
1 Direct Apr g outside 2% Theorem 6.1 (THEO-CAP- Composite product or factor
1) isolation
2 FI-C-3 K3-doublet basis error  FI-C-3 (inherited from SF- SF-4 v5.0+ re-derivation
4 THEO-SF-4-5)
3 |x| # ¢~ at first principles ~ FI-C-9 Sub-claim (b) magnitude-
mechanism work
4 FI-C-10 cage-shell extension FI-C-10 4+ Lemma 6.3 SS-corpus foundational veri-
fails fication (propagates to all 3
sectors)
5  Cross-sector SF-2/SF-4 in- |MX3| as substrate-physics Multiple-source vs isolated-
consistency input input failure analysis
6 IMW| # x/6 at substrate Theorem 7.4 (THEO-SD- Q5-PAIRING reanalysis or
handle CHIR-1) SF-2 v2.0+ Layer 4 closure
7 |MIPP| #£ x/6 at substrate Theorem 8.2 (THEO-SD- Q6-PAIRING reanalysis or
handle CHIR-2) SM-2 v2.0+ Layer 4 closure
8 Three-way magnitude unifi- Corollary 7.1 (Substrate- Refinement of unification
cation fails Locality Unification) claim or re-classification
9  FI-C-RC-1 ruled out FI-C-RC-1 (primitive 4D Q1'+Q1’.A Layer 3 promo-
direction n) tion of 7
10  FI-C-RC-2 ruled out FI-C-RC-2 (vertex-aligned Q1’ resolution at Layer 3
reading)
11  Substrate-Locality Theorem Theorem 3.1 Higher-order O(e?+) analysis

fails at higher order

Following the strict-C inheritance discipline (§1.6) and the modular-falsification framework
established by SF-4 v0.8 [15], the v2.0 falsifier set is structured to allow modular failure modes
across the eleven candidate falsifiers. The structure has gained substantial modularity at v2.0 with
the addition of three sector-specific theorems (THEO-CAP-1, THEO-SD-CHIR-1,
THEO-SD-CHIR-2) and two new Reading-C foundational inputs (FI-C-RC-1, FI-C-RC-2):

e Empirical Falsifier 1 alone: a future direct measurement of Apy g inconsistent with x/6
at the £2% level falsifies Theorem 6.1 but does not necessarily falsify FI-C-9, FI-C-10,
FI-C-RC-1, or FI-C-RC-2 individually — the inconsistency could trace to the composite
product, to any factor individually, or to a previously-unidentified additional factor.
Modular diagnostic work would identify the failure source; at v2.0 the failure source could
also be in the cross-sector unification chain (Substrate-Locality Unification, Corollary 7.1, or
local-Ip-preservation, Theorem 3.1).

e Framework Falsifiers 2-4 + 9-11 individually: each foundational input (FI-C-3,
FI-C-9, FI-C-10) and each Reading-C-foundational-input (FI-C-RC-1, FI-C-RC-2,
Substrate-Locality Theorem) can fail at theorem level without necessarily falsifying the
others. Each failure mode points to a different next-steps decision: FI-C-3 failure points to
SF-4 v5.0+ re-derivation; FI-C-9 failure points to sub-claim (b) work; FI-C-10 failure points
to SS-corpus foundational verification; FI-C-RC-1 failure points to Q1’+Q1’.A Layer 3
promotion of 7 (the deepest v2.0+ open work); FI-C-RC-2 failure points to Q1’ resolution at
Layer 3; Substrate-Locality Theorem higher-order failure points to higher-order
substrate-locality analysis.

e Cross-sector Falsifier 5 (v1.0 downstream-paper inconsistency): failure in SF-2
v2.0+ or SM-2 downstream observables traces to the |M| input only if the failure is isolated
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to that input; multiple-source failures point to broader framework issues. The v1.0 falsifier
remains operative at v2.0 with the K3-doublet |M 3| as the substrate-handle input.

e Cross-sector Falsifiers 6 + 7 individually (v2.0 sector-specific substrate handle
inconsistency): failure of the W-bracelet substrate handle |M"W| = x/6 (Falsifier 6) or the
qDP /eDP substrate handle |M°F| = x /6 (Falsifier 7) can occur independently of each
other and independently of the K3-doublet primary prediction. Each sector’s matrix element
computation is at full Layer 3 rigor with sector-specific structural inputs (W-bracelet’s (' =
icosahedral-center inversion; qDP /eDP’s ¢IPP — combined C'P); failure in one sector does
not necessarily propagate to the others. Each sector failure points to a different next-steps
decision: W-bracelet failure points to Q5-PAIRING reanalysis (Candidate A retest) or SF-2
v2.0+ Layer 4 closure work; qDP /eDP failure points to Q6-PAIRING reanalysis (Candidate
B or C from the register-then-resolve cycle) or SM-2 v2.0+ Layer 4 closure work.

e Umbrella Falsifier 8 (three-way unification claim fails) without individual sector
failures: the umbrella’s magnitude-level cross-sector unification claim can fail while
individual sector matrix element computations remain valid at sector-specific Layer 3 rigor.
This is a structurally distinct failure mode from Falsifiers 6 or 7 alone: each sector’s |M]| is
computed correctly at its sector-specific Layer 3, but the magnitude-level identity across
sectors does not hold. Such a failure would falsify the OPEN-SD-CHIR-PRIMITIVE
umbrella’s structural foundation (Substrate-Locality Unification, Corollary 7.1) without
falsifying any individual sector’s Layer 3 result.

The modular structure means falsifying the v2.0 closure does not necessarily falsify the entire
Capotauro mechanism or the OPEN-SD-CHIR-PRIMITIVE umbrella; failure modes carry
diagnostic content for next-steps prioritization. The v2.0 expansion of the falsifier set increases the
framework’s empirical and structural exposure substantially: at v1.0 the framework had 5
falsification routes converging on Theorem 6.1; at v2.0 the framework has 11 falsification routes
covering three sector-specific theorems plus the umbrella structural claim, with each route’s failure
pointing to a distinct next-steps work item. The framework’s accountability for
prediction-checking has therefore expanded by more than 2x at v2.0.

11.5 Notable absences from the falsifier set

Three observables that one might expect to find in a Capotauro mechanism falsifier set are
explicitly absent at v1.0. The absences are principled, not omissions:

sin? 613 deviation is NOT a v1.0/v2.0 Capotauro falsifier. The reactor mixing angle’s
derivation is re-scoped to SF-2 v2.0+ (§10). The Capotauro paper at v1.0 and v2.0 makes no
prediction for sin? #13 that could be falsified. The candidate + structural observation (Eq. (39)) is
registered for SF-2 v2.0+ work, not as a Capotauro claim at either version.

dcp deviation is NOT a v1.0/v2.0 Capotauro falsifier. The CP-violating PMNS phase
dop is a downstream observable in the Capotauro programme, derived (in future work) from the
Capotauro nucleation event (sub-claim (a), reframed as Q7 cosmological-nucleation scoping at
v2.0, §12.6) and the substrate-vacuum dynamics (sub-claim (b) magnitude mechanism partially
closed at v2.0 via FI-C-RC-1 + FI-C-RC-2, §12.2; Layer 3 promotion of n via Q1’'+Q1’.A
registered as deepest v2.0+ open work, §12.7) rather than directly from the chirality matrix
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element |M|. The Capotauro paper at v1.0 and v2.0 makes no prediction for dcp that could be
falsified.

np baryon asymmetry deviation is NOT a v1.0/v2.0 Capotauro falsifier. np serves as
an anchor for the empirical Aprr ~ 0.04 via leptogenesis back-derivation (§9.3); it is not a
Capotauro mechanism prediction at v1.0 or v2.0. The Capotauro paper inherits ng ~ 6 x 10710 as
empirical input (FI-C-8) rather than predicting it. A direct np derivation would require the full
Capotauro nucleation-event + substrate-vacuum-dynamics machinery (sub-claims (a) and (b))
plus manifestation (v) cosmological-vacuum asymmetry closure under the
OPEN-SD-CHIR-PRIMITIVE umbrella.

Manifestations (iv) and (v) at substrate level are NOT v2.0 falsifiers. The
OPEN-SD-CHIR-PRIMITIVE umbrella’s manifestations (iv) thermodynamic causal arrow and (v)
cosmological-vacuum asymmetry are at anticipatory status at v2.0 (§9.10). The umbrella’s
five-way prediction |M)| = |[M™| = x /6 at substrate level is registered as the umbrella’s
eventual full-closure target, but no sector-specific Layer 3 closure exists for either manifestation at
v2.0 — the sector-specific ¢(0¥) and ¢V) generators and matter-doublet structures await
identification work in future v2.0-+ patches or sibling flagship papers. The Capotauro v2.0 paper
makes no Layer 3 prediction for these manifestations that could be falsified; deviations in
candidate (iv)/(v) substrate-handle values from x/6 at future Layer 3 closure work would
constitute a falsifier for Falsifier 8 (three-way unification umbrella claim extended to five-way), not
a falsifier of the v2.0 three-way achievement.

Q7 cosmological-timing connection is NOT a v2.0 falsifier. Q7 of the Reading C closure
trajectory [8] asks about the cosmological-timing connection between the Capotauro nucleation
event and the OPEN-SM-4 sub-claim (a). Q7 remains open at sketch level at v2.0; no Capotauro
prediction for cosmological-timing parameters that could be falsified is made. Cosmological-timing
constraints from future Planck-class or CMB-S4 experiments are not v2.0 falsifiers; they may
become falsifiers at future-window v2.0+ closure of Q7 + sub-claim (a) + manifestation (v).

Q1'+Q1’.A Layer 3 promotion of n is NOT a v2.0 falsifier, only a future-window
opportunity. The substrate-foundational status of FI-C-RC-1 (7 as primitive 4D direction) is
at Layer 2 at v2.0 via three converging arguments (kinematic, energetic, substrate-physics); Layer
3 promotion — dynamical, causal, or energetic derivation of n from primitive CPP axioms — is
registered as the deepest open work of the v2.04 programme (§12). A future Q1’+Q1’.A Layer 3
closure that derives n from a substrate-dynamical mechanism with magnitude or structural
relation different from FI-C-RC-1’s substrate-foundational postulate would falsify FI-C-RC-1
(Falsifier 9) but would not falsify Q1'+Q1’.A itself as “open work being closed.” The Layer 3
promotion is not itself a falsifier; the falsification scenario is the failure of Layer 3 promotion to
recover FI-C-RC-1’s substrate-foundational reading.

These six notable absences (three inherited from v1.0; three NEW at v2.0) are principled
scope-limitations registered to prevent reviewer over-attribution. The Capotauro paper at v2.0
claims one primary empirical prediction (Falsifier 1), three framework-level falsification routes
(Falsifiers 2-4), three Reading-C-foundational-input falsification routes (Falsifiers 9-11), and four
cross-sector / unification falsification routes (Falsifiers 5-8); sin? 613, dcp, N5, manifestations (iv)
and (v), Q7, and Q1'+Q1".A Layer 3 promotion are explicitly out of v2.0 scope.
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12 Open Theorem-Level Work

This section enumerates the open theorem-level work registered honestly as out of scope at v2.0.
At v1.0 the open-work inventory comprised six items (sub-claim (a) Capotauro nucleation;
sub-claim (b) chirality mechanism; Q11 sin? #;3; FI-C-10 first-principles; experimental-signature
identification; v2.0+ roadmap); at v2.0 the inventory expands substantially with five additional
items registered by the Reading C closure trajectory’s saturation at the three-way cross-sector
unification: §12.6 (Q7 cosmological-nucleation scoping; sub-claim (a) reframed under Reading C;
sketch §21 substantive content); §12.7 (Q1’'+Q1".A Layer 3 promotion of 7; the deepest v2.0+
open work, replacing v1.0’s sub-claim (b) at the deeper level after magnitude-mechanism partial
closure via FI-C-RC-1 + FI-C-RC-2 + perturbative-distance-ratio constraint); §12.8
(OPEN-SD-CHIR-PRIMITIVE umbrella manifestations (iv) thermodynamic causal arrow and (v)
cosmological-vacuum asymmetry; future-window work under the three-step closure pattern); §12.9
(Layer 4 EFT continuum-limit projections in SF-2 v2.0+ for the W-bracelet V-A coupling and
SM-2 v2.0+ for the qDP/eDP chiral-polarity-bias; cross-flagship-paper closure work). Each open
item is given (i) its conditional closure status at v2.0; (ii) candidate closure routes for future work;
(iii) cross-sector entanglement with other open problems in the CPP corpus; (iv) estimated
timeline. The enumeration follows the strict-C inheritance discipline of §1.6: items not closed at
v2.0 are reviewer-visible, not buried.

12.1 Sub-claim (a) Capotauro nucleation event derivation
Status at v1.0: OPEN. Not in scope of the v1.0 paper.

Status at v2.0: REFRAMED under Reading C closure trajectory as Q7 cosmological-nucleation
scoping. Sub-claim (a) is now decomposed into four sub-questions (Q7.1 substrate-level
sign-selection mechanism; Q7.2 cosmological-timing of nucleation event; Q7.3 connection to
observed baryogenesis np; Q7.4 falsifiers and predictions for the nucleation event framework) and
registered as open work in §12.6. The v2.0 reframing reflects the Q1-Q6 closure-trajectory
achievement: with the substrate-level chirality magnitude |x| = =3 now derived at Layer 3 (via
FI-C-RC-1 + FI-C-RC-2 + perturbative-distance-ratio constraint) and the three-way cross-sector
unification |M%3| = |MW| = |[MPF| = /6 established at Layer 3, sub-claim (a) is no longer "the
deepest open problem" — that role transfers to Q1’+Q1".A Layer 3 promotion of 7 (§12.7) — but
is reframed as the specific cosmological-history question of sign-selection between the two +n
alternatives.

Statement: derive the substrate-dynamical event by which the universe localizes into one specific
enantiomorph of the substrate’s primitive chirality. Sub-claim (a) at v2.0 is distinct from
sub-claim (b) magnitude-mechanism (partially closed; §12.2) and from Q1'4+Q1’.A Layer 3
promotion of 2 (§12.7): sub-claim (b) magnitude addressed by FI-C-RC-1 + FI-C-RC-2
substrate-foundational framing; Layer 3 promotion of 7 would derive the primitive 4D direction
itself from CPP axioms; sub-claim (a) addresses only the universe-wide selection of which sign of n
(left-handed vs right-handed enantiomorph) becomes a cosmological initial condition. Sub-claim
(a) is downstream of both: once a mechanism produces the substrate’s chirality primitive (Layer 3
promotion of 72) at definite magnitude (FI-C-RC-1 + RC-2), sub-claim (a) describes how the
universe selects one of the two enantiomorphs.

Closure-route candidates:

1. Substrate-thermodynamic transition: Capotauro nucleation as a
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substrate-thermodynamic phase transition that locks in one enantiomorph, via the SS-corpus
substrate-stress machinery + DI-bit ensemble statistics. The mechanism candidate
(sub-claim (b)) supplies the symmetric pair of substrate-state options; the nucleation event
picks one.

2. Coeval-with-substrate primitive: the sign of x as a frozen boundary condition emerging
at the same epoch as CPs and GPs themselves; requires substrate-existence-state
foundational work outside any single sector. Under this reading, no separate nucleation
event occurs — the sign is simply the substrate’s existence-state from the beginning.

3. Capotauro nucleation as W centroid-event: connection of the nucleation event to the
WO bracelet’s Dg-symmetric phase structure (FI-C-4 from SF-2 v1.0); the nucleation event
localizes in the bracelet centroid-decoupling regime [6].

Cross-sector entanglement: sub-claim (a) and sub-claim (b) jointly close FI-C-9: sub-claim (b)
supplies the mechanism for the magnitude =3, sub-claim (a) supplies the universe-wide selection
of sign. Connection to the W? centroid-decoupling sketch in
flagship_papers/electroweak/sketches is a candidate Layer 3 closure path.

Cosmological timing: the legacy “~ 120 Myr post-Big-Bang” figure proposed in [5] is a
downstream consequence of the nucleation event’s substrate-thermodynamic temperature; the v1.0
derivation of |M| = x/6 is independent of this timing.

12.2 Sub-claim (b) substrate chirality mechanism candidate derivation

Status at v1.0: OPEN. Not in scope of the v1.0 paper. Deepest open work of the v1.0
programme: the substrate-dynamical primitive that produces FI-C-9 (|x| = ¢~3) as a consequence
of substrate axioms rather than as a primitive postulate.

Status at v2.0: PARTIALLY CLOSED at the magnitude-mechanism level. The chirality
magnitude |y| = ¢ 2 is now derived under Reading C via two substrate-foundational inputs:
FI-C-RC-1 (primitive 4D direction 7 in ambient R*; postulated on the same epistemic footing as
the existence of the 600-cell substrate) and FI-C-RC-2 (vertex-aligned reading i = vpost;
established at Layer 2 via three converging arguments). The magnitude |x| = ¢ =2 is derived from
the perturbative-distance-ratio constraint on n-induced edge perturbations (§2.2; Lemma 3.3),
with the geometric-chirality candidate of v1.0 sub-claim (b) (closure-route Candidate 1 below)
now realized as the v2.0 Reading C framework. The DEEPEST open work has shifted: at v1.0 the
deepest open problem was the substrate-dynamical primitive producing the chirality magnitude;
at v2.0 the deepest open problem is Q1’+Q1".A Layer 3 promotion of 7 itself (§12.7) — replacing
FI-C-RC-1’s substrate-foundational postulate with a primitive-axiom-level derivation of 7.

Statement: derive the substrate’s primitive chirality magnitude |x| = ¢ 2 from a first-principles
substrate-physics mechanism. At v1.0 this was distinct from sub-claim (a); at v2.0 this is partially
closed by FI-C-RC-1 + FI-C-RC-2 (Reading C framework) and the deeper-level Layer 3 promotion
of 1 is now §12.7’s open work.

Closure-route candidates:

1. Geometric-chirality candidate (current working sketch): a preferred 4D direction in
the substrate produces direction-correlated edge-length variation in the 600-cell lattice at the
3 scale. The primitive is a preferred 4D axis; the chirality magnitude is derived from the
structural argument that the smallest perturbative scale satisfying the
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substrate-structure-preservation constraint is ¢ =3 (the same argument that selects n = 3 in
§2.4, but reinterpreted as the magnitude of the preferred-direction perturbation rather than
the order parameter of a symmetry breaking). Developed in the working sketch [8]. This is
the candidate currently under development; expected post-v1.0 v2.0+ derivation work.

2. Two-competing-scales candidate: the substrate has two near-golden-ratio scales whose
interplay defines the chirality. The chirality bias is the difference between them. Introduces
a second parameter, which is a cost; structural determination of the second scale would be
required.

3. Substrate orientation field dynamics: x as a dynamical field on the substrate with
potential structure favouring one enantiomorph. Closure requires substrate orientation field
action principle. This is the SSB-framing route; included for completeness, though the CPP
discipline prefers the primitive-feature framing until a substrate-dynamical primitive can be
specified.

4. SS-corpus cross-sector closure: substrate-vacuum dynamics intersects with strong-sector
substrate-stress dynamics (SS-7, SS-8, SS-9, SS-corpus continuation); potential
first-cross-sector-with-Capotauro closure analogous to SF-4 v4.0’s SM-5 op:nu__id closure.

v2.0 trigger: the candidate mechanism is the natural v2.0 gate for the Capotauro paper. Once a
working mechanism candidate is closed at theorem level (Layer 3 closure under CPP’s epistemic
Layer schema), the v2.0 release incorporates the mechanism-derivation chapter, retires the
primitive-feature framing, and registers the derived mechanism in its place. Until then, v1.0 ships
with the primitive-feature framing and the working sketch as parallel sub-claim (b) work.

Cross-sector entanglement: jointly closes FI-C-9 with sub-claim (a); intersects with
OPEN-FP-SS-* problems in the strong sector. The geometric-chirality candidate also predicts
fractional chirality retention across observable classes (chirality observables retain the full bias;
mass observables average it out; intermediate observables retain calculable fractions) — a
structural prediction testable across the corpus that would falsify the candidate if not met.

12.3 Q11 sin?#;3 derivation re-scoped to SF-2 v2.0-}
Status at v1.0: RE-SCOPED to SF-2 v2.0+.%

Statement: derive the PMNS reactor mixing angle sin® 613 from the Capotauro chirality matrix
element |M| = x/6 via the appropriate PMNS perturbation framework.

SF-2 v2.0+ closure-route candidates:

1. Candidate v rigorous derivation path: develop a CPP-specific linear-scaling
perturbation framework that derives Eq. (39) sin? 613 = b-m, ~ 0.0227 at theorem level.
Requires structural motivation for why the leading-order PMNS deviation from TBM should
be linear in the substrate-physics parameters rather than quadratic.

2. Alternative-mechanism path: identify a different mechanism for sin? #;3 within the SF-2
framework not directly involving the Capotauro chirality matrix element. The candidate ~
observation would then be accepted as a numerical coincidence at v1.0 with a different
physical origin.

35Re-scoping ratified at Session 101 Patch 0395.
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3. Honest-acceptance-as-coincidence path: if neither rigorous derivation nor alternative
mechanism is available after substantial SF-2 v2.0-+ work, register candidate v as a
numerical structural observation requiring further investigation. This path preserves the
strict-C discipline but leaves sin? f3 as an open prediction in the framework.

Cross-sector entanglement: SF-2 v2.0+ is the natural home for Q11. The Capotauro paper
provides the chirality coupling |M| = x/6 as substrate-physics input to SF-2 v2.0+.

12.4 FI-C-10 first-principles verification

Status at v1.0: REGISTERED. FI-C-10 is currently a foundational input postulate;
first-principles derivation from CPP axioms remains open.

Status at v2.0: REGISTERED with cross-sector extension. FI-C-10 now applies uniformly
across three sectors (K3-doublet, W-bracelet, DP/eDP) at the shared icosahedral cage via
Corollary 7.1 (Substrate-Locality Unification). A first-principles derivation of FI-C-10 from
primitive CPP axioms would simultaneously close the cage-shell averaging factor

dr/Veage = 2/12 = 1/6 across all three sector-specific substrate handles (|M%3|, |[MW|, |[MPP)),
strengthening the OPEN-SD-CHIR-PRIMITIVE umbrella’s structural foundation.

Statement: derive the cage-shell extension to chirality observables (FI-C-10) from primitive CPP
axioms A3 (DI-bit propagation) and A4 (Nexus connectivity). The current paper accepts FI-C-10
as input to Lemma 6.3; the first-principles derivation would close the remaining foundational gap

in the Theorem 6.1 proof.

Closure-route candidates:

1. A3 + A4 substrate-dynamics derivation: derive the cage-shell coupling mechanism for
chirality observables from DI-bit propagation patterns + Nexus connectivity structure on
the icosahedral cage. Closure requires SS-corpus substrate-dynamics methodology.

2. FI-C-6 + extension structural argument: generalize the FI-C-6 cage-shell coupling for
mass observables (derived in SF-4 v3.0) to the broader Dg-equivariant observable class.
Closure requires identifying the structural property of cage-shell coupling that makes it
observable-class-independent.

3. Schur orthogonality + substrate-isotropy derivation: derive the dp/Viage averaging
structure directly from substrate isotropy (A4) on the icosahedral cage + Schur
orthogonality of E-irrep doublets on Dg. Closure requires extending substrate-isotropy
framework from mass to chirality observables.

Cross-sector entanglement: intersects with OPEN-FP-SS-* problems in the strong sector. The
closure may emerge from broader substrate-physics work rather than from Capotauro-specific
effort.

Falsification opportunity: FI-C-10 first-principles verification is also a falsification opportunity
(Falsifier 4 in §11.2). A future first-principles derivation yielding a different averaging factor would
falsify Lemma 6.3 and therefore Theorem 6.1.
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12.5 Experimental-signature identification for direct Ap;r measurement

Status at v1.0: REGISTERED. No direct experimental measurement of Apy g at the K3-doublet
level is currently available; the empirical anchor at ~ 0.04 is the leptogenesis-back-derived value,
an inferred quantity at one structural-numerical level removed from direct laboratory
measurement. Identifying viable direct or indirect experimental routes is registered as open work.

Statement: identify experimental signatures by which the Capotauro chirality matrix element
|M| = x/6 can be measured at the K3-doublet level, either directly (parity-violation observables in
K3-doublet-mediated weak processes) or through indirect inference protocols (precision
electroweak, precision PMNS, cosmological back-derivation refinement). The v1.0 paper
enumerates four candidate routes in §9.1.1; closing the experimental-signature gap requires
developing each route to the point of explicit observable specification.

Closure-route candidates:

1. Direct K3-doublet observable identification: identify a CPP-native experimental
observable corresponding to the K3-doublet-level parity-violation asymmetry, accessible
through precision charged-lepton weak-decay measurements. Requires specifying the
observable in terms of measurable angular distributions or correlation coefficients in
beta-decay or similar processes; this is a cross-discipline experimental-theory task.

2. Indirect inference from precision electroweak: develop the explicit inference protocol
from W boson decay angular distributions and Z pole asymmetries at HL-LHC Run 4-5
precision to Aprr via the SF-2 cage-shell coupling pattern. Requires SF-2 v2.0+ framework
completion plus precision-electroweak experimental data analysis.

3. Cross-sector inference from PMNS precision: develop the inference chain from
JUNO/DUNE precision sin? 13 measurements through SF-2 v2.0+’s |M| — sin? 613 relation
to a constraint on Aprr. Requires Q11 closure (§12.3) first, then per-mille-precision PMNS
data analysis.

Cross-sector entanglement: tied to OPEN-FP-SF-2-CHIR (cross-sector chirality coupling) and
the broader Q11 work in SF-2 v2.0+. The Capotauro chirality matrix element is the
substrate-physics input; experimental signatures emerge from cross-sector integration.

Falsification opportunity: until direct K3-doublet-level measurements become available, the
v1.0 prediction /6 ~ 0.0394 vs the back-derived ~ 0.04 at 2% agreement is the operational
empirical falsifier (Falsifier 1, §11.1). Future direct measurement at sub-percent precision would
sharpen the falsifier substantially; until then, falsifiability operates through the back-derivation
framework plus structural cross-sector tests (Falsifiers 2-5).

12.6 Q7 cosmological-nucleation scoping

Status at v2.0: SCOPED at Layer 0. Sub-questions Q7.1-Q7.4 registered with candidate
framings; substantive Layer 3 closure deferred to future-window work.

Statement: bridge the Reading C closure trajectory’s substrate-level theorems (THEO-CAP-1,
THEO-SD-CHIR-1, THEO-SD-CHIR-2 at Layer 3) to the OPEN-SM-4 sub-claim (a)
cosmological-history claim. Q7 is a different shape of work from Q1-Q6’s four-step cross-sector
pattern — it is a connection-to-cosmology task scoping the universe-wide sign-selection event that
locks one enantiomorph of 7 [8]. Decomposed into four sub-questions:
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e Q7.1 substrate-level sign-selection mechanism: what CPP-axiom-level mechanism
selects the sign of n from the two binary alternatives? Candidate framings: (a)
substrate-level symmetry-breaking dynamics analog with energetic favoring of one £n
alternative (requires identifying the symmetry-breaking handle, currently unknown); (b)
random selection at substrate condensation (binary degree of freedom fixed by
quantum-mechanical-like selection at substrate formation; |n| magnitude fixed by Reading C
while sign is cosmologically contingent); (c) substrate-cosmological co-determined
sign-selection as part of substrate’s initial-condition specification rather than downstream
consequence. Estimated closure: 3-5 sessions.

e Q7.2 cosmological-timing of nucleation event: when in the substrate’s cosmological
history did sign-selection occur? Candidate framings: (a) at substrate condensation (¢t = 07);
(b) at later cosmological phase transition; (c) continuous dynamical reinforcement rather
than discrete nucleation moment. Estimated closure: 3-5 sessions, conditional on Q7.1.

e Q7.3 connection to observed baryogenesis 7p: does Reading C’s substrate-level
x/6 ~ 0.0394 feed into the observed baryon-asymmetry n = ng/n, ~ 6 x 10710 via a
calculable Layer-4-level cosmological-evolution mechanism? The bridge is the analog of
OPEN-FP-SF-2-CHIR’s Layer 4 EFT closure for the W-bracelet V—A coupling, applied at
cosmological rather than electroweak scales. Estimated closure: 3-5 sessions, conditional on

Q7.1+Q7.2.

e Q7.4 falsifiers and predictions for the nucleation event framework: identify
CPP-specific observable signatures distinguishing the Capotauro nucleation event from
alternative cosmological-chirality mechanisms (electroweak baryogenesis, leptogenesis,
GUT-scale mechanisms). Estimated closure: 2-3 sessions.

Analytical handles available from Q1-Q6 closure: three structural inputs potentially useful
for Q7 [8]: (1) cross-sector unification at magnitude level (all five umbrella manifestations
predicted at x/6; if Q7.3 baryogenesis bridge is formulated as a fifth cross-sector closure under the
umbrella, magnitude-level unification predicts |n| as some function of x/6 via
cosmological-evolution integration); (2) three-step closure pattern (substrate-locality + cage-shell
+ pairing-convention) templated for manifestations (iv) thermodynamic and (v)
cosmological-vacuum — if the latter is the natural home for the nucleation event framework, Q7
closure may follow the same pattern with sector-specific ¢(¥) generator encoding
cosmological-asymmetry content; (3) THEO-CAP-1’s ¢ 3-scale primitive direction as
substrate-physics anchor for any Q7 mechanism involving 7.

Cross-sector entanglement: Q7.3 baryogenesis bridge intersects with
OPEN-SD-CHIR-PRIMITIVE umbrella manifestation (v) cosmological-vacuum asymmetry
(§12.8); the manifestation (v) closure pattern may subsume Q7.3 as its sector-specific

cosmological-evolution content. Q7 closure also intersects with np derivation (legacy v3.0+ open
work; §12.10).

Estimated total Q7 closure: 12-20 sessions across the four sub-questions; partial Q7 progress
(1-2 sub-questions at scoping or Layer 2) is sufficient for Reading C closure trajectory completion
at Layer 3 / cross-sector triangle level. Full Q7 Layer 3 closure is a v3.0-+ target.
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12.7 Q1'+Q1'.A Layer 3 promotion of n — deepest v2.0+ open work

Status at v2.0: OPEN at Layer 2. FI-C-RC-1 (7 as primitive 4D direction) and FI-C-RC-2

(7 = vpost vertex-aligned reading) are at substrate-foundational postulate status at v2.0 (§2.1);
Layer 3 promotion — deriving 7 itself from primitive CPP axioms — is registered as the deepest
open work of the v2.0+ programme, replacing v1.0’s sub-claim (b) magnitude-mechanism question
at the deeper level.

Statement: derive the primitive 4D direction # in ambient R* from primitive CPP axioms
(AXIM-1 Conscious Points; AXIM-2 Group Points; AXIM-4 Nexus connectivity; AXIM-7
substrate-foundational dimensionality) at theorem level. The Layer 3 promotion would replace
FI-C-RC-1’s substrate-foundational postulate with a primitive-axiom-level derivation showing why
the substrate must carry a preferred 4D direction (rather than being isotropic) and what fixes its
specific orientation relative to the 600-cell lattice (FI-C-RC-2’s vertex-aligned reading). Both Q1’
(which substrate object 7 aligns with) and Q1".A (the K3-base geometric realization that follows)
currently rest on Layer 2 arguments (three converging arguments: kinematic, energetic,
substrate-physics; §2.1).

Closure-route candidates:

1. Substrate-dynamical mechanism producing 7: derive n from a primitive
substrate-dynamical mechanism in which CPP-axiom-level substrate dynamics naturally
select a preferred 4D direction during substrate condensation. Closure requires identifying
the substrate-dynamical handle; likely intersects with SS-corpus substrate-stress dynamics
(SS-7, SS-8, SS-9) and OPEN-FP-SS-* foundational work.

2. Substrate-cosmological co-determined 7n: n’s direction and orientation are part of the
substrate’s initial-condition specification at the same epoch as the 600-cell lattice itself, not
a downstream dynamical consequence. Under this reading, no separate n-derivation occurs
— N is a substrate-coeval primitive. This framing preserves the v2.0 substrate-foundational
status of FI-C-RC-1 but elevates it from postulate to axiom-coeval primitive.

3. Q1’.A Layer 3 closure via energetic minimization: derive the vertex-aligned reading
FI-C-RC-2 at theorem level by showing that 7 aligned with a 600-cell vertex (rather than an
edge midpoint, cell center, or off-lattice direction) is an energetic minimum under some
substrate-physics action principle. Closure requires identifying the action principle and the
minimization argument.

Cross-sector entanglement: Layer 3 promotion of 7 intersects with sub-claim (a) Q7 work
(§12.6) at the sign-selection level (Q7.1’s binary +n choice presupposes 7 existence and magnitude
as established at Layer 3); intersects with FI-C-10 first-principles verification (§12.4) via shared
substrate-isotropy framework; intersects with all SS-corpus open foundational-physics work via
substrate-dynamics common dependencies.

Falsification opportunity: registered as Falsifier 9 in §11.2. A future Layer 3 closure producing
7 with different magnitude or different structural relation to the 600-cell vertex lattice would
falsify FI-C-RC-1’s substrate-foundational reading and propagate through the v2.0 derivation
chain.

Estimated timeline: 8-15 sessions, conditional on broader SS-corpus substrate-dynamics
methodology development. This is the deepest v2.0+ open work; closure timeline is the longest of
any open item registered.
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12.8 OPEN-SD-CHIR-PRIMITIVE umbrella manifestations (iv) and (v)

Status at v2.0: ANTICIPATORY. Three-step closure pattern (substrate-locality at Layer 2 +
sector-specific cage-shell factor at Layer 3 + sector-specific pairing-convention identification at
Layer 3) is templated by the three demonstrated sectors (K3-doublet, W-bracelet, qDP /eDP); the
specific (V) and ¢(V) generators await sector-specific identification work.

Statement: extend the OPEN-SD-CHIR-PRIMITIVE umbrella’s three-way cross-sector
unification (§8.8, Eq. (31)) to two additional observable manifestations of substrate chirality:

e Manifestation (iv) thermodynamic causal arrow: the substrate-level mechanism
producing the macroscopic thermodynamic time-asymmetry from the underlying PCD
(Perceive-Compute-Displace) cycle ordering and DI-bit propagation direction (AXIM-3,
AXIM-5). The sector-specific ¢ (V) generator is anticipated to involve a PCD-cycle-reversal
symmetry analog of C'P acting on the DI-bit propagation direction; the substrate object
hosting the matter-doublet structure may be the DP cloud’s bound substrate around a CP
(analog of the W-bracelet’s first-shell Petrie hexagon, but in PCD-cycle space rather than
4D position space). Closure requires identifying both the ¢ (iv) generator and the substrate
object.

e Manifestation (v) cosmological-vacuum asymmetry: the substrate-level mechanism
producing the cosmological matter-antimatter asymmetry at the Capotauro-nucleation-event
scale. The sector-specific () generator is anticipated to involve the
Capotauro-nucleation-event sign-selection mechanism with substrate-cosmological-coupling
content; this intersects substantially with Q7 cosmological-nucleation scoping (§12.6) —
manifestation (v) and Q7.3 baryogenesis bridge may be the same closure work approached
from two different framings (umbrella manifestation framing vs Reading C trajectory
framing). Closure is conditional on Q7.1+ Q7.2+ Q7.3 substantive progress.

Umbrella five-way closure prediction: |M®)| = |M®™)| = y/6 ~ 0.0394 at substrate level
(Eq. (31) extended to five-way). The prediction is at anticipatory status at v2.0; falsification
opportunity is registered as part of Falsifier 8 (three-way unification claim fails) extended to
five-way at the umbrella level.

Cross-sector entanglement: manifestation (iv) intersects with substrate-thermodynamics open
work in the broader programme (DI-bit propagation, Nexus connectivity, PCD cycle dynamics);
manifestation (v) intersects extensively with Q7 cosmological-nucleation work and with np
derivation v3.0+ work.

12.9 Layer 4 EFT continuum-limit projections

Status at v2.0: REGISTERED as cross-flagship-paper closure work in SF-2 v2.0+ and SM-2
v2.0+ programmes.

Statement: project the substrate-physics handles delivered by Theorems 7.4 and 8.2 from
substrate level to observable-scale empirical predictions via sector-specific continuum-EFT
kinematic-projection calculations:

e SF-2 v2.04+ V—A coupling at the massless helicity limit
(OPEN-FP-SF-2-CHIR) |14, 3]: project the W-bracelet substrate handle
| MW |substrate = X/6 (Eq. (35)) to the observable-scale V-A coupling structure of
charged-current weak-interaction processes (7™ — u*v, decay; muon decay p™ — etv.v,;
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W+ decay angular distributions at LHC) via the standard kinematic projection from
finite-mass V—-A coupling at ~ 75% to massless-helicity-limit V-A coupling at 100%. The
Capotauro v2.0 paper supplies the substrate handle; the SF-2 v2.0+ paper supplies the
kinematic projection. Estimated SF-2 v2.0+4 Layer 4 closure: 4-6 sessions.

SM-2 v2.0+ chiral-polarity-bias EFT continuum-limit [10, 3]: project the ¢DP/eDP
substrate handle |[M PP | 1 cate = x/6 (Eq. (36)) to the observable-scale
Linear-ZBW-on-—qCP stabilization energy producing the up/down-quark mass and charge
asymmetries (SM-2 §10 mechanism). The Capotauro v2.0 paper supplies the substrate
handle; the SM-2 v2.0+ paper supplies the EFT continuum-limit calculation. Estimated
SM-2 v2.0+ Layer 4 closure: 4—6 sessions.

Cross-flagship coordination: SF-2 v2.0+ and SM-2 v2.0+ Layer 4 work proceeds in those
papers’ venues rather than in Capotauro v2.0+; the Capotauro paper’s role at v2.0 is to deliver
the substrate handle and the cross-sector unification rigor at substrate level. Both Layer 4 closures
are registered as falsification opportunities (Falsifier 6 for SF-2; Falsifier 7 for SM-2; §11.3).

Estimated combined timeline: 8-12 sessions for both Layer 4 closures, parallelizable across the
SF-2 and SM-2 v2.0+ workstreams.

12.10 Roadmap to v3.0+ and beyond

The post-v2.0 work plan for the Capotauro paper and the broader OPEN-SD-CHIR-PRIMITIVE
umbrella:

v3.0 priority order:

1.

Q7.1 substrate-level sign-selection mechanism (§12.6): primary v3.0 target.
Substantive cosmological-physics work on which substrate-level mechanism selects +n sign
from the binary alternatives.

Manifestation (iv) thermodynamic causal arrow (§12.8): umbrella closure extending
three-way to four-way.

. SF-2 v2.0+ Layer 4 EFT closure (§12.9): proceeds in SF-2 paper’s venue, but closing

OPEN-FP-SF-2-CHIR allows Falsifier 6 to become operative as a sharp empirical falsifier at
v3.0+.

Q1'.A Layer 3 closure via energetic minimization (§12.7 closure-route Candidate 3):
the more tractable of the three Layer 3 promotion routes for 7, conditional on
substrate-physics action principle availability.

v4.0 priority order:

1.

Q7.2+Q7.3 cosmological-timing and baryogenesis bridge (§12.6): conditional on
Q7.1 closure; closes manifestation (v) via Q7.3 baryogenesis-bridge formulation.

. SM-2 v2.0+ Layer 4 EFT closure (§12.9): closes Falsifier 7 as operative falsifier in SM-2

v2.0-+ venue.

. Manifestation (v) cosmological-vacuum asymmetry (§12.8): completes umbrella

five-way closure; conditional on Q7 substantive progress.
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v5.0+ work (currently sketch-level): Q1’+Q1".A Layer 3 promotion of 7 via
substrate-dynamical mechanism (the deepest v2.0+ open work, §12.7); dcp derivation from
Capotauro mechanism extended to PMNS CP-violating phase; full ngp baryon asymmetry
derivation from Capotauro nucleation event + substrate-vacuum dynamics + manifestation (v)
closure; sector-specific Layer 4 projections for thermodynamic-arrow observable signatures
(manifestation (iv)).

v2.0+ decision points (preserved from v1.0 with v2.0 status updates):

e Layer 3 promotion of 7 outcome: if Layer 3 promotion produces n with different
magnitude or structural orientation than FI-C-RC-1 + FI-C-RC-2 predict, v3.0+ paper
revisions are needed to reflect the derived primitive. The structural-argument framework
predicts the same 3 magnitude via the same perturbative-distance-ratio reasoning, but at
theorem level; if closure recovers FI-C-RC-1 + FI-C-RC-2 at Layer 3, the v2.0 results stand
verbatim with promotion to Layer 3 status for the substrate-foundational inputs.

e Cross-sector Layer 4 closures: if SF-2 v2.04+ or SM-2 v2.0+ Layer 4 closures produce
values inconsistent with the substrate handles (Falsifier 6 or Falsifier 7), the v2.0 cross-sector
unification claim is partially falsified at the sector-specific level. Modular-falsification
framing (§11.4) provides next-steps decision content.

Parallel SF-2 v2.0+ and SM-2 v2.0+ work: Q11 sin? §;3 derivation (§12.3) proceeds in the
SF-2 paper, with the Capotauro chirality matrix element |M| = x/6 as substrate-physics input;
SM-2 v2.0+ chiral-polarity-bias EFT continuum-limit (§12.9) proceeds in the SM-2 paper.

13 Discussion

This section places the Capotauro paper in the broader CPP programme context. Six topics: the
programme-level empirical-matching pattern at 1-2% at integer counts (§13.1, with v2.0 extension
noting the three-way unification’s contribution to the pattern); cross-sector implications across
SM-2, SM-4, SM-5, SF-2, SF-4 sectors (§13.2, restructured with v2.0
internalized-vs-downstream-paper distinction); two v1.0 methodological observations on the
closure trajectory (§13.3); five programme-pattern observations emerging from the v2.0
cross-sector unification work (§13.4, NEW at v2.0); the epistemic position on the Layer 1
dynamical-engine question beneath the v2.0 structural claim (§13.5, NEW at v2.0); and the
outlook on the 2026-2032+ experimental landscape relevant to Capotauro predictions (§13.6, with
v2.0 cross-sector experimental signatures extension).

13.1 Programme-level pattern: integer counts and substrate primitives at
1-2%

The Capotauro paper’s primary empirical prediction Aprr = x/6 ~ 0.0394 matches the empirical
anchor ~ 0.04 within 2%. This 2% matching is a recurring pattern across the CPP corpus at
integer counts and substrate primitives, not at multi-decimal-place fitting precision:

e SS-T: twelve nuclei alpha-cluster mass formula match observation to 1.5% [19] via the
3N, — 6 binding-edge formula (Euler’s formula for simplicial polytopes).

e SM-9: top quark mass match observation to 0.02% via the cage-cooperative SSV
reinforcement factor at z = 12.
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e SF-4: 0, = 2719 neutrino suppression factor matches the empirical absolute mass scale to
2% [15] via the walk-dimension framework at deg = 5.

e Capotauro (this paper): Aprr = x/6 ~ 0.0394 matches ~ 0.04 within 2% via Veage = 12
Schur orthogonality on the icosahedral cage.

The recurring 1-2% pattern emerges from integer-count pattern strength (Veage = 12 icosahedral
first shell; dg = 2 E-irrep dimension; z = 12 600-cell coordination; N, = 12 alpha-cluster count for
48Cr) rather than from precision parameter fitting. Integer-count matching at 1-2% across
multiple independent observables without parameter fitting is much harder to fake than
fitting-tuned precision; the Capotauro paper’s Aprr match contributes another independent
empirical instance to this distinctive CPP signature.

v2.0 strengthening: same substrate handle across three sectors. The v2.0 three-way
cross-sector unification (§8.8, Eq. (31)) extends the programme-level pattern in a structurally
substantive direction: the same substrate handle x/6 ~ 0.0394 appears at substrate level across
three structurally distinct sector mechanisms with distinct ¢ generators (K3-doublet’s 3D
inversion; W-bracelet’s 4D icosahedral-center inversion; qDP/eDP’s combined C'P). The
integer-count pattern at Veage = 12 + dp = 2 is the K3-doublet manifestation; the same integer
counts reappear in the W-bracelet (via the shared icosahedral cage at the host vertex’s first shell,
Substrate-Locality Unification Corollary 7.1) and qDP/eDP (via the same shared icosahedral cage
with the Djq stabilizer’s 2-dimensional irrep). The probability-of-coincidence argument scales
accordingly: the 1-2% matching across one sector is already structurally constraining; the same
matching across three structurally distinct sector mechanisms is substantially more so.

13.2 Cross-sector implications

The Capotauro paper closes OPEN-SM-4 sub-claim (c¢) and has compounding value across five
CPP sectors. At v2.0 the cross-sector content has two structurally distinct layers: cross-sector
unification internalized at substrate level (the three-way unification of §8.8, demonstrated within
this paper’s body content via Theorems 6.1, 7.4, and 8.2) and cross-sector inputs to
downstream-paper Layer 4 work (the substrate handles feeding SF-2 v2.0+, SM-2 v2.0-, etc., now
downstream of the substrate-level unification rather than the only cross-sector content). The two
layers reorganize the v1.0 enumeration:

Internalized at substrate level (v2.0 NEW):

1. W-bracelet +» K3-doublet unification (THEO-SD-CHIR-1): the electroweak V-A
sector’s W-bracelet substrate handle |M"W | = x /6 unified with the K3-doublet primary
content at substrate level via Substrate-Locality Unification (Corollary 7.1). The unification
is at substrate level (Layer 3) rather than at the Layer 4 V-A coupling observable; this is the
v2.0 substantive content beyond v1.0.

2. qDP/eDP < K3-doublet unification (THEO-SD-CHIR-2): the SM-2
chiral-polarity-bias mechanism’s substrate handle |M9PF| = /6 unified with the K3-doublet
at substrate level via the same Substrate-Locality Unification + sector-specific
pairing-convention identification ((?P¥ = combined C'P). The three-way unification of
Eq. (31) is the structural achievement.

3. OPEN-SD-CHIR-PRIMITIVE umbrella demonstrated: the three demonstrated
sectors (i) K3-doublet, (ii) W-bracelet, (iii) gDP/eDP establish the umbrella’s structural
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foundation (Substrate-Locality Unification) at flagship-paper rigor; the umbrella’s eventual
five-way closure prediction (§9.10) is registered as future-window work for manifestations
(iv) thermodynamic causal arrow and (v) cosmological-vacuum asymmetry.

Downstream-paper Layer 4 work (preserved from v1.0 with v2.0 framing):

4. SM-2 (charge asymmetry): SM-2 v2.0-+ Layer 4 work projects the qDP/eDP substrate
handle (Eq. (36)) to the observable-scale Linear-ZBW-on-—qCP stabilization energy
producing the up/down-quark mass and charge asymmetries (§12.9). At v1.0 this was
framed as “the Capotauro mechanism providing substrate-physics origin of up/down
asymmetry’s chirality content”; at v2.0 the substrate handle is a derived (not postulated)
input to the SM-2 Layer 4 calculation.

5. SM-4 (this paper): closes sub-claim (c) at theorem level (THEO-CAP-1; v1.0 SHIPPED
Patch 0415); v2.0 extends to closing sub-claim (b) magnitude mechanism via FI-C-RC-1 +
FI-C-RC-2 (§12.2); sub-claim (a) reframed as Q7 cosmological-nucleation scoping (§12.6).
OPEN-SM-4 advanced from v1.0 PARTIAL CLOSURE (sub-claim (c) only) to v2.0
EXTENDED PARTIAL CLOSURE (sub-claims (c) + (b)-magnitude).

6. SM-5 (PMNS): future SF-2 v2.0+ Q11 work delivers sin? f;3 from the Capotauro chirality
coupling. The K3-doublet TBM-aligned basis at theorem level (FI-C-3) remains inherited
from SF-4 v4.0’s THEO-SF-4-5; at v2.0 the cross-sector implication is sharper because the
substrate handle is now derived at three-sector rigor rather than at K3-only rigor.

7. SF-2 (electroweak cage-boson unification): SF-2 v2.0+ Layer 4 work projects the
W-bracelet substrate handle (Eq. (35)) to the observable-scale V-A coupling at the massless
helicity limit, closing OPEN-FP-SF-2-CHIR (§12.9). At v1.0 this was framed as “Capotauro
providing chirality-coupling input to SF-2 v2.0+"; at v2.0 the W-bracelet sector is internally
derived to Layer 3 within Capotauro v2.0 itself.

8. SF-4 (neutrino sector unification): SF-4 v4.0’'s THEO-SF-4-5 remains the load-bearing
prerequisite for the K3-doublet basis at theorem level. SF-4’s dcp entry remains the natural
downstream observable of future Q7 cosmological-nucleation closure + manifestation (v)
Layer 4 projections (§12.10).

The cross-sector entanglement is the structural manifestation of CPP’s unification thesis,
demonstrated at substrate level for the first time in the Capotauro v2.0 paper. The v1.0
unification thesis was implicit (multiple sectors share substrate-physics inputs through the
corpus’s FI inheritance pattern); the v2.0 thesis is explicit (three sectors share the same substrate
handle x/6 via Substrate-Locality Unification, registered as a flagship-paper theorem).

13.3 Methodological observations
Two programme-internal methodological observations.

First programme-level theorem registered ahead of paper publication. Theorem 6.1
(THEO-CAP-1 in [2]|) was registered at programme level three patches before this paper’s
outline.?® This is the first programme-level theorem registered ahead of its own paper publication
in the CPP corpus, decoupling theorem-registry registration from paper-drafting timeline:
sub-claim closures that pass rigorous proof + end-to-end numerical verification + empirical anchor

36Theorem registered at Session 103 Patch 0397; paper outline at Session 104 Patch 0398.
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consistency + honest scope-limitation framing can be programme-archived from working sketches
before the dedicated flagship paper is drafted.

Tier 4 reasoning recovery as enabler. The Capotauro closure trajectory was made possible
by Tier 4 reasoning recovery work capturing foundational SR-1, EW-1 through EW-5, SS-1, QM-1
through QM-6, and SM-1 through SM-5 reasoning into the four-tier documentation discipline.
Without that recovery, FI-C-2 (K3 base from SM-1), FI-C-3 (TBM-aligned basis from SM-5),
FI-C-7 (DP species taxonomy from SM-2), and the broader cross-sector inheritance pattern would
have been operationally inaccessible. The four-tier documentation discipline is infrastructure that
enables cross-sector closures rather than housekeeping.

13.4 Programme-pattern observations emerging from v2.0 cross-sector
unification work

Five programme-pattern observations emerged from the v2.0 Reading C closure trajectory
(Sessions 87-134; Patches 0381-0453) developing the three-way cross-sector unification across the
K3-doublet, W-bracelet, and qDP /eDP sectors. These observations are programme-internal
methodological signatures of how the v2.0 work was structured; they may have broader
applicability to future cross-sector closure work in the CPP corpus and beyond.

(1) Three-step closure pattern across three demonstrated sectors templating
future-window sectors. The three flagship-paper theorems (THEO-CAP-1 K3-doublet;
THEO-SD-CHIR-1 W-bracelet; THEO-SD-CHIR-2 qDP /eDP) share a structurally identical
four-step proof chain: (a) substrate-locality theorem at Layer 2 (local-I-preservation at the host
vertex’s first-shell icosahedron, Theorem 3.1; established once and shared across all three sectors);
(b) Substrate-Locality Unification (Corollary 7.1) connecting the substrate-level chirality x to the
sector-specific matter-doublet basis on the shared icosahedral cage; (c) sector-specific cage-shell
factor on the shared icosahedral cage (dr/Veage = 2/12 = 1/6 identical across sectors via the same
Schur orthogonality on the shared cage); (d) sector-specific pairing-convention identification (¢
generator: 3D inversion for K3-doublet; 4D icosahedral-center inversion for W-bracelet; combined
CP for qDP/eDP). The three-step pattern (substrate-locality + cage-shell factor +
pairing-convention) is templated for future-window manifestations (iv) thermodynamic causal
arrow and (v) cosmological-vacuum asymmetry (§12.8); the sector-specific ¢ (V) and ¢ generators
await identification work, but the closure pattern is structurally established. The
programme-pattern observation: once the substrate-locality theorem is established at Layer 2 and
Substrate-Locality Unification is established at Layer 3, sector-specific cross-sector closures reduce
to two-step work (cage-shell factor + pairing-convention identification) rather than rebuilding the
substrate-locality structure for each sector.

(2) Magnitude-level vs mechanism-level unification distinction. The v2.0 three-way
cross-sector unification of Eq. (31) is at magnitude level:

|ME3| = |MW| = |[MIPP| = x/6 ~ 0.0394 as numerical magnitudes. The underlying sector
mechanisms are structurally distinct: K3-doublet’s F(S3) matter-doublet under Dg stabilizer with
3D inversion ¢ generator; W-bracelet’s Fo & E1 matter-doublet under Petrie-polygon Dg with 4D
icosahedral-center inversion ¢ generator; qDP/eDP’s A, @ A, matter-doublet under Dsq
stabilizer with combined-C'P ( generator. The v2.0 substantive content beyond v1.0 is the
magnitude-level identity across mechanism-level distinct sectors. The programme-pattern
observation: cross-sector unification at magnitude level is a structurally weaker claim than
mechanism-level unification (which would require structurally identical sector mechanisms), but is
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a structurally stronger empirical constraint than single-sector matching (which has no cross-sector
check). The distinction is important for falsification framing (§11.4): Falsifiers 6 and 7 are
sector-specific magnitude-level falsifiers; Falsifier 8 is the umbrella magnitude-level unification
falsifier; no v2.0 falsifier addresses mechanism-level unification because the v2.0 paper does not
claim mechanism-level identity across sectors.

(3) Register-then-resolve discipline as v2.0 methodological signature. Across the
Reading C closure trajectory (Sessions 87-134), open sub-questions were registered explicitly when
their content became identifiable, with substantive Layer 3 closure work deferred to dedicated
patches across multiple sessions rather than attempted in-line during scoping sessions. Examples:
Q1" + Q1. A registered at Patches 0418-0419 with Layer 2 resolution via three converging
arguments; substantive Layer 3 closure deferred to v2.0+ as §12.7. Q5-PAIRING registered at
Patches 0425-0429 with candidate enumeration; substantive Layer 3 closure at Patch 0434
(THEO-SD-CHIR-1). Q6-PAIRING registered at Patches 0437-0439 with Candidate A-C
enumeration; substantive Layer 3 closure at Patch 0440 (THEO-SD-CHIR-2). Q7 registered at
Patch 0441 with Q7.1-Q7.4 sub-questions; substantive Layer 3 closure deferred to v3.0+ as §12.6.
The register-then-resolve discipline emerged at Patch 0428 as a methodological signature; its
programme-level effect is that the v2.0+ open-work inventory is reviewer-visible with candidate
framings registered rather than buried in conversational sketches. The programme-pattern
observation: at flagship-paper rigor, register-then-resolve is more disciplined than
attempt-and-iterate: registering sub-questions with candidate framings preserves reviewer visibility
into the closure trajectory’s structure and prevents premature commitment to a single framing that
may not survive deeper analysis.

(4) Theorem-naming convention (THEO-CAP-N + THEO-SD-CHIR-N umbrella
registry). The v2.0 work introduced the OPEN-SD-CHIR-PRIMITIVE umbrella’s
theorem-naming convention: theorems closing umbrella manifestations are named
THEO-SD-CHIR-N (Substrate-Derived CHIRality theorem N), distinguishing them from the
K3-doublet primary content named THEO-CAP-N (Composite Capotauro theorem N). The
convention preserves THEO-CAP-1 (the v1.0 K3-doublet Composite Wigner-Eckart Theorem) as
the umbrella’s anchor theorem while organizing the cross-sector unification theorems under their
own naming convention: THEO-SD-CHIR-1 for the K3-doublet <+ W-bracelet unification;
THEO-SD-CHIR-2 for the qDP /eDP closure with three-way unification corollary. Future umbrella
manifestation closures will register as THEO-SD-CHIR-3 (manifestation (iv)) and
THEO-SD-CHIR-4 (manifestation (v)) under the same convention. The programme-pattern
observation: umbrella-organized theorem-naming conventions emerge naturally when a single
substrate-physics primitive (x) is recognized as the source of multiple sector-specific theorems; the
convention preserves the anchor-theorem identity while organizing the umbrella’s structural family
of closure theorems.

(5) Substrate-foundational vs substrate-derived FI distinction emerged at v2.0. The
v2.0 work introduced an epistemic-level distinction within the foundational input (FI) inventory:
substrate-foundational FI are postulated on the same epistemic footing as the existence of the
600-cell substrate itself (e.g., FI-C-RC-1 primitive 4D direction n; the substrate’s existence-state
primitives); substrate-derived FI are derived from substrate-foundational inputs via theorem-level
closure work (e.g., FI-C-9 substrate primitive chirality magnitude |x| = ¢~ now derived from
FI-C-RC-1 + FI-C-RC-2 via perturbative-distance-ratio constraint at Lemma 3.3). The
distinction is sharper than v1.0’s all-Fl-equal framing: at v1.0 every FI-C-N was at postulate
status; at v2.0 the FI inventory is structured by epistemic-level, with substrate-foundational FI
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carrying postulate status and substrate-derived FI carrying derived-theorem status. The Layer 3
promotion targets (§12.7) operate at the substrate-foundational FI level (promoting FI-C-RC-1
from postulate to primitive-axiom-derived theorem); deepening the FI inventory’s epistemic-level
structure is part of the v2.0+ programme work. The programme-pattern observation: the FI
inventory naturally stratifies by epistemic level as the programme’s theorem-level closure trajectory
deepens; substrate-foundational vs substrate-derived FI is the v2.0 stratification, with Layer 3
promotion as the v2.0+ trajectory toward primitive-aziom-derived foundational inputs.

13.5 On the dynamical engine beneath the structural claim

A reviewer of v2.0 might fairly ask, beneath this architecture — the Substrate-Locality Theorem,
the Substrate-Locality Unification corollary, the cage-shell averaging factor, the sector-specific
(-pairings, the three-way unification of Eq. (31), the OPEN-SD-CHIR-PRIMITIVE umbrella —
where the underlying dynamical engine that produces the chirality effect at the
primitive-conscious-point level actually lives. The question is central, and this paper does not
answer it. The following paragraphs state what this paper does derive and what it does not derive,
the epistemic position the Layer 1 investigation is conducted under, and the programme track
record that grounds the methodology.

Structural physics versus dynamical physics. The current paper provides physical content
derived from a specific geometric substrate. From a primitive 4D direction # in the ambient R*
(FI-C-RC-1) under the vertex-aligned reading n = vphest (FI-C-RC-2), edge perturbations of
magnitude |x| = @3 obtain at the host vertex via the perturbative-distance-ratio constraint (§2.2,
§2.4); local Ij, symmetry is preserved at O(e) on the first-shell icosahedron (Theorem 3.1);
cage-shell averaging on Veage = 12 first-shell sites with dr = 2 doublet content produces the 1/6
factor (Corollary 7.1, §6.4); sector-specific pairing conventions give three structurally distinct
mechanisms with identical magnitude |M| = x/6 (§§6-8; Eq. (31)). This is structural physics from
a specific geometric substrate, not abstract algebra.

What this paper does not derive is the dynamical layer underneath. Specifically: the
primitive-conscious-point-level Perceive-Compute-Displace (PCD) dynamics that select 71 as a
preferred 4D direction in the first place. The dynamical mechanism that fixes |x| = ¢ 2 at this
specific magnitude rather than at some other power of the golden ratio. The primitive-rule
structure that grounds local I}, preservation at O(e) rather than at higher order. The
conscious-point-level process that grounds cage-shell averaging as a substrate-physical operation
rather than as an algebraic identity. These are Layer 1 questions about why the geometric
primitives this paper takes as structural inputs hold at the primitive-conscious-point dynamical
level.

The epistemic position on the Layer 1 investigation. The framework does not claim a
known endpoint for the Layer 1 work, and does not name a single trajectory toward that endpoint.
Candidate mechanisms exist; possibilities surfaced by the current geometric content are registered
as open work (§12.7, §12.6); no selected path has been identified. The Layer 1 chirality
investigation is genuine open inquiry with an outcome to be determined by which lines of
investigation prove tractable against experimental reality and which dead-end. There is no
pedagogical or scientific obligation to name an endpoint that is not yet determined. The honest
description of the Layer 1 work is that it is an active research investigation whose direction will be
set by what the substrate’s own structure permits at deeper resolution.

The methodology under which the investigation is conducted. What the framework does
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have is a specific methodology. Experimental reality is the determinant of truth. Convergence of
derived mathematical structure with that experimental reality is the marker of correct
identification of substrate primitives. Coherence with the already-established multi-layer
programme architecture is the consistency check on candidate identifications. The primitive is
approached from above — from the layers of macroscopic axiomatic content whose convergence
with experimental reality has already been demonstrated — working inward toward the
primitive-rule structure that grounds those layers (visualized in Figure 1 by the dashed downward
investigation-trajectory arrow from the routes-of-validation callout to the Layer 1 OPEN box).
The investigation follows the clues that experimental reality offers about the substrate’s structure,
with the accumulated mathematical structures of the CPP corpus serving as the consistency
apparatus that distinguishes candidate substrate primitives from arbitrary algebraic constructions.

The methodology’s programme track record. The
convergence-of-mathematical-structure-with-experimental-reality marker is not speculative
methodology proposed here; it is the marker the CPP corpus has converged on at multiple
programme layers prior to v2.0. The strong sector papers produce twelve zero-parameter
predictions through %6Ni (SS-7 [19]); the proton charge radius at 0.851 fm at zero parameters
(SS-2 [16]); the deuteron binding energy at 2.222 MeV vs experimental 2.2246 MeV at —0.09% at
zero parameters (SS-5 [18]); the QCD string tension o = 926.5 MeV /fm at zero parameters

(SS-4 [17]). The standard-model sector produces the cage-mass scale My = m.z/¢ = 3.79 MeV at
zero parameters (SM-8 [13]). The flavour sector produces a neutrino-sector closure at 7/8
zero-parameter predictions (SF-4 v1.0 [15]). The Capotauro paper itself produces three-way
cross-sector unification at |M| = x/6 ~ 0.0394 within 2% of the empirical anchor at zero
parameters across three structurally distinct sector mechanisms (Eq. (31)). Each of these closures
was approached by the same methodology: convergence of derived mathematical structure with
experimental reality, coherence with the multi-layer programme architecture as consistency check,
approached from the macroscopic-axiomatic side working inward toward the substrate primitives.
The Layer 1 investigation of the chirality sector’s dynamical engine is conducted under the same
methodology these layer-above closures employ.

The trajectory of the investigation. The architecture supporting the Layer 1 work is not
running ahead of the substrate physics; it is the record of convergence between mathematical
structure and experimental reality at layers above the primitive, and that record is the consistency
apparatus the Layer 1 investigation uses to distinguish candidate substrate primitives from
arbitrary algebraic possibilities. The dynamical engine beneath the chirality effect will be
identified when the investigation matures. The Capotauro paper presented here is one stage of
that investigation. The paper claims what it can derive, registers what it cannot, and continues.
The Layer 1 work on chirality is an open programme; the paper-by-paper trajectory toward it is
set by what experimental reality and the substrate’s own structure permit at each stage of
resolution. The framework does not promise that the dynamical engine is two papers away or five
papers away or fifty papers away. The framework does claim that the investigation is conducted
under the same methodology that has already produced converging closures at multiple
programme layers, and that the next paper, and the one after, will continue clearing ground
toward Layer 1 closure on the chirality sector under that methodology.

13.6 Outlook on 2026-2032+ experimental landscape

The Capotauro paper’s primary empirical prediction Aprr = x/6 ~ 0.0394 is currently anchored
to the leptogenesis back-derived value ~ 0.04. Future experimental developments relevant to the
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prediction:

¢ JUNO precision measurements (2026-2032+): JUNO [28| does not directly measure
Aprr at the K3-doublet level, but JUNO precision on sin? #12 and Am2, tightens the
cross-sector empirical anchor for SF-4 and SM-5, constraining the Capotauro mechanism’s
compatibility with the PMNS sector.

e LHC precision electroweak (2026-2030-+): HL-LHC Run 4-5 measurements tighten
the WY catalyst framework’s parameters (FI-C-4 inheritance from SF-2). Tension with the
W bracelet Dg stabilizer structure would trigger cross-sector falsification (Falsifier 5, §11.3).

e Cosmological p-distortion bounds (2026—2030+-): PIXIE-class CMB p-distortion
experiments constrain the substrate-vacuum dynamics underlying sub-claim (b),
constraining candidate closure routes for sub-claims (a) and (b).

e Direct parity-violation asymmetry measurement (future): a CPP-native
experimental signature for direct Apyr measurement at the K3-doublet level at 1% precision
would either confirm or sharply falsify Theorem 6.1.

e 7np refinement from Planck-class experiments: sub-percent precision improvements in
the cosmological baryon asymmetry tighten the leptogenesis back-derived anchor, providing
more precise cross-checking against x/6 = 0.0394.

e v2.0 cross-sector experimental signatures (NEW): the W-bracelet substrate handle
|MW| = x/6 (§9.7) and qDP/eDP substrate handle |M°F| = x/6 (§9.8) expand the
experimental footprint substantially over v1.0. The W-bracelet handle’s V-A coupling at the
massless helicity limit becomes experimentally accessible via precision-electroweak
measurements at HL-LHC Run 4-5 and (if built) FCC-ee, with the kinematic projection
from finite-mass V—A coupling at ~ 75% to massless-helicity-limit 100% as the SF-2 v2.0+
Layer 4 closure target (§12.9); the qDP/eDP handle’s chiral-polarity-bias on the
up/down-quark mass and charge asymmetries becomes experimentally accessible via
precision charge-asymmetry measurements at the relevant quark sectors via SM-2 v2.0-+
Layer 4 EFT continuum-limit closure. Each Layer 4 closure converts the corresponding v2.0
sector-specific substrate-handle falsifier (Falsifier 6 for W-bracelet; Falsifier 7 for gDP /eDP)
into an operative sharp empirical falsifier at the Layer 4 observable.

The Capotauro mechanism’s empirical content at v2.0 is one primary prediction (Falsifier 1;
K3-doublet Appr) plus two substrate-handle predictions (Falsifiers 6-+7; W-bracelet and
qDP/eDP) plus the umbrella unification claim (Falsifier 8) plus the Reading-C-foundational-input
falsifiers (Falsifiers 9-11) plus the v1.0 framework + cross-sector falsifiers (Falsifiers 2-5). The
empirical-and-structural accountability has expanded from v1.0’s 5 falsification routes to v2.0’s 11
routes (§11); the 2026-2032+ experimental window will refine both the K3-doublet anchor’s
precision and the cross-sector Layer 4 projections. The v3.0+ trajectory (Q7.1 sign-selection
mechanism, manifestations (iv)+(v), Q1'+Q1".A Layer 3 promotion of 7, dcp and np derivations)
will expand the empirical-prediction footprint further.

14 Foundational Input Summary

This section consolidates the conditional-closure foundational input enumeration. At v1.0 the
paper closes Theorem 6.1 at conditional theorem closure level under the foundational input stack
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FI-C-1 through FI-C-10 plus four CPP axioms. At v2.0 the FI stack is extended by two new
Reading C inputs (FI-C-RC-1 primitive 4D direction 7 in ambient R*; FI-C-RC-2 vertex-aligned
reading 1 = vpest) underwriting the v2.0 cross-sector unification across Theorems 7.4 and 8.2, plus
an extension of FI-C-7 reflecting the SM-2 v1.0 §5+-8§6+8§10+Glossary substrate-physics
inheritance needed for the gDP/eDP sector closure (§8). The total v2.0 FI stack therefore has
twelve foundational inputs (FI-C-1 through FI-C-10 + FI-C-RC-1 + FI-C-RC-2), at two epistemic
levels: substrate-foundational FI (postulate status; FI-C-RC-1 in particular, on the same epistemic
footing as the existence of the 600-cell substrate itself, per the v2.0 programme-pattern
observation 5 of §13.4) and substrate-derived FI (Layer 2 or Layer 3 derivation status; FI-C-9 now
substrate-derived from FI-C-RC-1 4 FI-C-RC-2 via Lemma 3.3 + perturbative-distance-ratio
constraint). The enumeration follows the strict-C inheritance discipline (§1.6): each foundational
input is enumerated explicitly with its source and rigor level, so reviewers can audit the
inheritance chain.

14.1 Twelve foundational inputs

e FI-C-1: 600-cell chiral structure. Source: polytope theory [26]. Rigor: established
mathematical result. Hy Coxeter group of order 14,400; I rotational subgroup of order
7,200; chirality Zs as index-2 quotient.

e FI-C-2: K3 base structure + four-cage taxonomy. Source: SM-1 [9] (charge quantization
and cage topology from the 600-cell). Rigor: theorem level (THEO-SM-1 charge
quantization 0 = 1/3 + four-cage classification V' € {4,12,20,30}).

e FI-C-3 (extended): K3 antibonding doublet structure + TBM-aligned basis at theorem
level + perpendicular wavefunction |x+) structure. Source: SF-4 v4.0+ [15] (Composite
K3-Cage-Shell Coupling Theorem THEO-SF-4-5) for the antibonding doublet +
TBM-aligned basis; extended Session 91 Patch 0385 for the perpendicular wavefunction
structure |7]. Rigor: conditional theorem closure level (the TBM-aligned basis is
theorem-level at v1.0 via cross-sector inheritance; the perpendicular wavefunction structure
is registered as part of the extended FI-C-3).

e FI-C-4: W bracelet Dg stabilizer + WY catalyst framework. Source: SF-2 v1.0 [14]
(THEO-SF-2-1 W bracelet uniqueness + PROP-SF-2-1 through PROP-SF-2-6 W catalyst
framework). Rigor: theorem level (cage-shape uniqueness) + proposition level (catalyst
framework).

e FI-C-5: Z icosahedral + H dodecahedral cages. Source: SF-2 v1.0 (THEO-SF-2-2 Z
icosahedral uniqueness + THEO-SF-2-3 H dodecahedral uniqueness). Rigor: theorem level.

e FI-C-6: cage-shell mass formula at theorem level. Source: SF-4 v3.0+ [15] (THEO-SF-4-4
a-Exponent Reduction at the Bound/Unbound Boundary). Rigor: conditional theorem
closure level.

e FI-C-7 (extended at v2.0): DP species taxonomy + qDP/hDP /eDP linear ZBW
screening + Linear ZBW vs Orbital ZBW substrate characterization + chiral-polarity-bias
mechanism on —qCP centers. Source: SM-1 (four-DP-species taxonomy) + SM-2 v1.0
§5+4-86-+Glossary (Linear ZBW substrate-physics characterization for ¢DP host; Orbital
ZBW substrate-physics characterization for eDP host) [10] + SM-2 v1.0 §10
(chiral-polarity-bias mechanism on —qCP centers producing up/down-quark mass and charge
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asymmetries). Rigor: theorem level (taxonomic, SM-1) + theorem level (Linear/Orbital
ZBW substrate characterization, SM-2 v1.0 SHIPPED) + structural-argument level
(screening + chiral-polarity-bias mechanism). The v2.0 extension over v1.0 is the SM-2 v1.0
§5+48§6-+810+Glossary inheritance underwriting the qDP /eDP sector closure of Theorem 8.2.

FI-C-8: empirical SM phase data. Source: NuFIT 6.0 [27] (sin? 613, mixing angles), Planck
2018 [29] (nB), JUNO 2025 [28] (precision PMNS measurements). Rigor: empirical reference
data.

FI-C-9: substrate primitive chirality magnitude |y| = ¢~3. Source: Session 87 Patch
0381 [6]. Rigor: foundational postulate at v1.0 (mechanism candidate development is
sub-claim (b) work, §12.2; nucleation event is sub-claim (a) work, §12.1).

FI-C-10: cage-shell extension to chirality observables (dg/Veage = 1/6 via Schur
orthogonality on Veage = 12 icosahedral cage). Source: Session 97 Patch 0391 [7]. Rigor:
foundational postulate at v1.0 (first-principles closure deferred to §12.4; SS-corpus territory).
At v2.0 the cage-shell extension applies uniformly across three sectors (K3-doublet,
W-bracelet, DP/eDP) at the shared icosahedral cage via Corollary 7.1.

FI-C-RC-1 (NEW at v2.0): primitive 4D direction 7 € R* as substrate-foundational
input. Source: Reading C closure trajectory Session 124+ (§2.1) [8]. Rigor:
substrate-foundational postulate — on the same epistemic footing as the existence of the
600-cell substrate itself. The primitive 4D direction n underwrites the substrate’s chirality
primitive without requiring a separate dynamical-mechanism derivation; the magnitude |7| is
fixed by the perturbative-distance-ratio constraint on n-induced edge perturbations

(Lemma 3.3). At v2.0 FI-C-RC-1 is at substrate-foundational postulate status; Layer 3
promotion via Q1’+Q1’.A is registered as the deepest v2.0+ open work (§12.7). Falsification
opportunity registered as Falsifier 9 (§11.2).

FI-C-RC-2 (NEW at v2.0): vertex-aligned reading i = vpest at the host vertex of the
600-cell lattice. Source: Reading C closure trajectory Session 124+ Q1’ resolution via three
converging arguments (kinematic, energetic, substrate-physics; §2.1) [8]. Rigor: Layer 2
(three converging arguments) at v2.0; Layer 3 promotion via Q1’ + Q1’.A K3-base geometric
realization is registered as part of the deepest v2.0+ open work (§12.7). FI-C-RC-2 is
structurally weaker than FI-C-RC-1 (FI-C-RC-1 is more foundational than FI-C-RC-2), but
underwrites the substrate-locality theorem (Theorem 3.1) and the local-Ij,-preservation at
the host vertex’s first-shell icosahedron. Falsification opportunity registered as Falsifier 10

(§11.2).

14.2 Four CPP axioms most load-bearing

A1 DI-bit exchange substrate primitive (most foundational CPP axiom).

A3 substrate orientation field (load-bearing for the chirality observable’s |x4) structure in
§4.3).

A4 substrate isotropy at vertex level (load-bearing for the cage-shell averaging via Schur
orthogonality on icosahedral cage in §6.4).

A7 substrate-stress framework (load-bearing for the chirality-activation pressure that
supports the substrate’s primitive chirality through cage-scale dynamics).
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Among the four, A3 + AT are the most load-bearing per the Picture B substrate-orientation-field
framework [6]: A3 provides the substrate orientation field that gives the perpendicular
wavefunction structure; A7 provides the substrate-stress framework that supports the chirality
activation event’s dynamics. Al and A4 are foundational supporting axioms inherited from the
broader CPP foundational stack.

v2.0 extension: A3 elevated to most load-bearing via FI-C-RC-1
substrate-foundational status. At v2.0 the Picture B substrate-orientation-field framework is
substantively realized: Reading C is a specific reading of Picture B in which the substrate
orientation field is identified with the primitive 4D direction n (FI-C-RC-1) at vertex-aligned
reading 1 = vpest (FI-C-RC-2). The v2.0 axiom-accounting therefore strengthens the v1.0 framing;:
A3 underwrites FI-C-RC-1’s substrate-foundational status (the substrate’s primitive chirality is
the substrate orientation field at its specific orientation) and is now the single most load-bearing
axiom of the v2.0 paper; A4 underwrites the cage-shell averaging factor that propagates uniformly
across three sectors via Substrate-Locality Unification (Corollary 7.1); A7 underwrites the
substrate-stress framework that supports the chirality activation event’s dynamics across the three
sectors; A1l remains foundational at the DI-bit exchange primitive level. The v2.0 cross-sector
unification is structurally rooted in A3’s substrate orientation field, with A4 + A7 + Al as
supporting axioms. The Layer 3 promotion target of Q1’+Q1’.A (§12.7) would derive FI-C-RC-1
from A3’s primitive content at theorem level, completing the axiom-to-FI derivation chain.

14.3 Cross-sector inheritance pattern

The Capotauro paper inherits from five CPP sectors at theorem level via the foundational inputs:
e SM-1 (charge quantization + cage topology) — FI-C-2 + FI-C-7 (taxonomic).
e SM-2 (charge asymmetry mechanism) — FI-C-7 (screening mechanism).
e SM-5 (TBM zeroth order) — FI-C-3 (cross-sector via SF-4 v4.0 closure of SM-5 op:mu_id).

e SF-2 v1.0 (electroweak cage-boson unification) — FI-C-4 + FI-C-5 (cage-shape and
catalyst framework).

e SF-4 v4.0+ (neutrino sector unification) — FI-C-3 (TBM-aligned basis at theorem level via
THEO-SF-4-5) + FI-C-6 (cage-shell mass formula).

The single most critical cross-sector inheritance is FI-C-3 from SF-4 v4.0’s first cross-sector
closure (THEO-SF-4-5, the Composite K3-Cage-Shell Coupling Theorem). Without this
inheritance, the Capotauro mechanism would lack the rigorous K3-doublet basis on which to
define the chirality matrix element |M| at theorem level. The Capotauro v1.0 closure is therefore
second-order downstream of SF-4 v4.0: SF-4 v4.0 closed the SM-5 op:nu_id open problem at
theorem level by selecting the TBM-aligned basis via the S5 — S5 branching rule; Capotauro v1.0
builds on that basis to derive the chirality matrix element.

v2.0 extension: SM-2 v1.0 §5+8§6+8§10+Glossary inheritance for gDP /eDP sector.
The v2.0 paper’s qDP/eDP sector closure (§8, Theorem 8.2) substantially extends the v1.0 SM-2
inheritance from FI-C-7’s taxonomic and screening-mechanism content to the full Linear ZBW vs
Orbital ZBW substrate-physics characterization (SM-2 v1.0 §5+86+Glossary) plus the
chiral-polarity-bias mechanism on —qCP centers (SM-2 v1.0 §10). The extension is
rigor-preserving: SM-2 v1.0 was SHIPPED with full theorem-level content for the Linear/Orbital
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ZBW characterization, so the qDP/eDP sector closure inherits at theorem level rather than at
structural-argument level.

v2.0 extension: Picture B substrate-orientation-field framework as primitive-level
inheritance. The Picture B framework [6] is no longer a working-sketch concept at v2.0; the
Reading C closure trajectory’s Layer 2 establishment of FI-C-RC-1 + FI-C-RC-2 (§2.1) realizes
Picture B substantively. The framework’s primitive content (substrate orientation field =
primitive 4D direction 71) is now part of the v2.0 paper’s foundational input stack rather than an
external referenced framework. The cross-sector inheritance pattern at v2.0 therefore has a new
primitive-level layer: Picture B framework — FI-C-RC-1 + FI-C-RC-2 — Substrate-Locality
Theorem (Theorem 3.1) — Substrate-Locality Unification (Corollary 7.1) — three sector-specific
theorems (Theorems 6.1, 7.4, 8.2). The primitive-level inheritance is internalized to the v2.0 paper
rather than external; this is the v2.0 structural strengthening over v1.0.

14.4 Templates for future cross-sector closures

The cross-sector inheritance pattern templates future closures in the CPP corpus:

1.

Capotauro — SF-2 v2.0+ for sin? ;3 (v2.0 status: substrate handle now derived to Layer
3): the substrate-physics chirality coupling |M| = x/6 from this paper feeds into SF-2 v2.0+
as input to Q11 (§12.3); at v2.0 the W-bracelet substrate handle is derived to Layer 3 within
Capotauro v2.0 itself (§7, Theorem 7.4), so SF-2 v2.0+’s Layer 4 V-A coupling kinematic
projection at the massless helicity limit (OPEN-FP-SF-2-CHIR, §12.9) becomes the
immediate next cross-sector closure path with the substrate-physics input already at
theorem rigor.

. Capotauro — SF-4 v5.0+ for dcp (v2.0 status: conditional on Q7 closure): future

Capotauro Q7 cosmological-nucleation work (§12.6) + manifestation (v)
cosmological-vacuum asymmetry closure (§12.8) provides the écp derivation that SF-4 v1.0
deferred to the EW-sector flagship per route (ii). At v2.0 this is reframed: sub-claim (a) is
now Q7 work, and manifestation (v) is the umbrella’s natural home for the
cosmological-vacuum-asymmetry sector. SF-4’s deferred dcp entry remains a v3.0+ /v4.0-+
target.

. Capotauro — cosmology corpus for np (v2.0 status: conditional on Q7.3 baryogenesis

bridge): future Capotauro Q7.3 baryogenesis bridge work (§12.6) delivers np from the
substrate-physics machinery + cosmological-evolution integration. This would close the
OPEN-COSM-* np derivation at programme level via the manifestation (v)
cosmological-vacuum asymmetry pathway. At v2.0 the closure is conditional on
Q7.1+Q7.2+Q7.3 substantive progress (v3.0+/v4.0+ target per §12.10).

. Capotauro — SS-corpus for FI-C-10 (v2.0 status: applies uniformly across three sectors):

future SS-corpus work on cage-shell coupling derivation from A3 + A4 may close FI-C-10
first-principles. At v2.0 such closure would simultaneously strengthen the cage-shell
averaging factor across three sectors (K3-doublet, W-bracelet, DP /eDP) via
Substrate-Locality Unification (Corollary 7.1); the SS-corpus closure has higher leverage at
v2.0 than at v1.0.

. Capotauro — SM-2 v2.0+ for chiral-polarity-bias EFT continuum-limit (v2.0 NEW):

SM-2 v2.0+ Layer 4 EFT continuum-limit calculation projects the qDP /eDP substrate
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handle |M9PP| = x /6 (§8, Theorem 8.2) to the observable-scale Linear-ZBW-on-—qCP
stabilization energy producing up/down-quark mass and charge asymmetries (§12.9). This is
the cross-sector closure path corresponding to the qDP/eDP sector v2.0 NEW work,
registered as cross-flagship-paper closure in the SM-2 v2.0+ venue.

The Capotauro paper at v2.0 is therefore an enhanced cross-sector hub: it now inherits from six
sectors (SM-1, SM-2 [v1.0 §5+86+§10+Glossary|, SM-5, SF-2 v1.0, SF-4 v4.0+, plus the Picture B
substrate-orientation-field framework internalized at v2.0) and provides theorem-level input to five
future cross-sector closures (SF-2 v2.0+, SF-4 v5.0+, cosmology corpus, SS-corpus, SM-2 v2.0+).
The hub structure is the methodological signature of CPP’s unification thesis at the
programme-level synthesis scale; the v2.0 expansion increases both the inheritance footprint
(v1.0’s 5 sectors — v2.0’s 6 sectors with primitive-level Picture B internalized) and the
downstream-closure footprint (v1.0’s 4 — v2.0’s 5 cross-sector closure paths).

15 Methods Catalogue Cross-Reference

The CPP programme maintains a methods catalogue [4] indexing mathematical techniques (Layer
1), methodological disciplines (Layer 2), and heuristic strategies (Layer 3) used across the corpus.
The following table cross-references the catalogue entries invoked in this paper to their primary
invocation sections, providing an audit-trail of methodological choices for reviewers and a
back-reference from the paper into the programme-internal methods infrastructure.

15.1 Layer 1 mathematical techniques invoked

e [METH-L1-001] Schur orthogonality for cage-shell averaging — invoked at §6 (K3-doublet
]Mfﬂ =2/12 =1/6), §7 (W-bracelet identical factor on shared I, cage), §8 (qDP/eDP Dsq4
refinement).

e [METH-L1-002] Wigner-Eckart factorization — invoked at §5 (Dg framework for
THEO-CAP-1), §7 (W-bracelet Ey @ E; in Dg), §8 (qDP/eDP A1y & Ay, in Dsq). All three
sector theorems factor their matrix elements via this technique.

e [METH-L1-003] Branching rule analysis (G | H) — invoked at §4.2 (S3 — S branching
selecting TBM-aligned basis), §7 (Dg — E2 @ E1), §8 (Dsq — A1g ® Aay).

e [METH-L1-004] Coxeter parabolic-subgroup theory — invoked at §2.1 (deriving Hy
stabilizers at vertex/face/edge/cell-centroid orbits; selecting vertex-aligned reading 1 = vpest
with H3 = Ij residual symmetry).

e [METH-L1-005] Antipodal-pair refinement of stabilizers — invoked at §8 (refining Cj, to
D5y for the qDP-pair substrate object, enabling the non-vanishing combined-C'P pairing).

e [METH-L1-006] Combined-symmetry generators extending purely-geometric ones —
invoked at §7.4 (icosahedral-center inversion ("' as 4D-geometric Zo generator) and §8.4
(combined C x P operation (9°F extending 3D parity by charge-conjugation).

e [METH-L1-007] Numerical verification at machine precision — invoked at §3
(host-to-first-shell inner products é - ° = —1/(2¢) uniformly; first-shell-to-first-shell
lé-n] < 107?); §6 (end-to-end K3-doublet derivation chain to 107!7 at every checkpoint).
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15.2 Layer 2 methodological disciplines invoked

e [METH-L2-001] Layer A/B/C epistemic decomposition — invoked at §1.6 (theorem-level
/ Fl-inherited / structural-argument-level rigor stratification) and §14
(substrate-foundational vs substrate-derived FI distinction at v2.0).

e [METH-L2-002] Register-then-resolve discipline — invoked at §1.6 (Q5-PAIRING for
W-bracelet ¢V, registered Patch 0428 resolved Patch 0429; Q6-PAIRING for gDP /eDP
CIPP registered Patch 0438 resolved Patch 0439).

e [METH-L2-003] Three converging arguments standard for Layer 2 closures — invoked at
§2.1 (FI-C-RC-2 vertex-aligned reading established at Layer 2 via three converging
arguments: kinematic, energetic, and substrate-physics).

e [METH-L2-004] Symmetric-honesty discipline — invoked throughout the explicit
scope-limitation framing of §12 (open theorem-level work enumerated explicitly with no
claimed completion timeline) and §13.5 (Layer 1 dynamical engine registered as explicitly
open).

e [METH-L2-005] Cross-sector unification audit — invoked at §8.8 (three-way
magnitude-level identity audit across K3-doublet / W-bracelet / qDP/eDP sectors) and
§11.4 (modular failure-mode stratification across 11 falsification routes).

e [METH-L2-006] Three-step closure pattern — invoked at §8.8 (substrate-locality at Layer
2; cage-shell factor at Layer 3 via cage-shell averaging; sector-specific pairing-convention
identification via Zs generator) and §9.10 (anticipated extension to manifestations (iv) and
(v) under the same three-step pattern).

e [METH-L2-007] Magnitude-level vs mechanism-level unification distinction — invoked at
§8.8 (the substantive v2.0 claim is magnitude-level identity x /6 across structurally distinct
sector mechanisms, distinguished from mere mechanism-level unification at the
substrate-primitive level).

e [METH-L2-008] Substrate-foundational vs substrate-derived FI distinction — invoked at
§14 (FI-C-RC-1 as substrate-foundational on the same epistemic footing as the existence of
the 600-cell substrate; FI-C-9 now substrate-derived from FI-C-RC-1 + FI-C-RC-2 via
Lemma 3.3).

15.3 Layer 3 heuristic strategies invoked

e [METH-L3-001] Vanishing matrix element — look for combined-symmetry generators —
invoked at §7.4 (Q5-PAIRING: K3’s ¢ as 3D inversion did not admit straightforward analog
at W-bracelet; resolved via 4D icosahedral-center inversion) and §8.4 (Q6-PAIRING: naive
(A1|A2| A1) vanishing on Cj, resolved via antipodal-pair refinement to D54 + combined C'P).

e [METH-L3-002] Sector instance — audit sister sectors — invoked at §1.5 (K3-doublet
matrix element extended to W-bracelet and qDP /eDP sectors per the cross-sector
unification audit pattern).

e [METH-L3-003] Suspicious foundational input — numerical verification at machine
precision — invoked at §3 (FI-C-RC-2 vertex-aligned reading verified numerically via
host-to-first-shell + first-shell-to-first-shell inner-product patterns at machine precision).
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e [METH-L3-005] Recurring problem shape — name it and register it — invoked at the
OPEN-SD-CHIR-PRIMITIVE umbrella registration [3] (the recurring magnitude-x/6
pattern across sectors named explicitly and registered as a programme-level umbrella
problem at Patch 0422 Session 130).

The catalogue [4] records each entry’s canonical citation (original derivation location in the CPP
corpus) and example applications across the corpus, providing the reverse-direction back-reference
into the paper-level invocations enumerated above.
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