
The Cosmochrony Research Programme:

A Structural Roadmap and Paper Inventory

Jérôme Beau

Independent Researcher

jerome.beau@cosmochrony.org

2026

Abstract

The Cosmochrony programme develops a pre-geometric framework in which physical struc-
ture � spacetime, quantum mechanics, gauge symmetry, and Standard Model observables
� arises from a single primitive: the local structure of admissible non-injective transitions
between observable states. The corpus comprises 71 papers across three theory branches.
Branch I (Foundation track) builds the axiomatic base: four axioms su�ce to derive the
Heisenberg group Heis3(Z/qZ) and its Weil representation as theorems, without any back-
ground substrate or relaxation mechanism. Branch II (O-series) develops the spectral admis-
sibility sub-programme, deriving and numerically validating the transfer chain cχ → δpair →
β∗ ≈ 0.126 connecting the BI saturation constant to the charged-lepton mass hierarchy.
Branch III (Q-series and companion papers) derives quantum mechanics, spacetime geometry,
gauge structure, and further physical observables from Branch I axioms and Branch II spectral
data. Paper Q3 completes the SU(2) quantum sector: by combining BI indiscernibility with
Schur's lemma on the Clebsch�Gordan decomposition of χ2j+1 ⊗ χ2j+1, the universal singlet

correlator E(â, b̂) = −j(j + 1)/3 · (â · b̂) and the Born rule are derived for all �ve admissible
sectors of 2I, closing the general-j extension that was open in Q2. The geometric emergence
sub-programme (Q5a�Q10, U1, W1, H2) closes the e�ective spacetime identi�cation: under
the Q5a continuum-limit hypotheses, the lifting hypothesis [H-lift] is proved (Q9), asymp-
totic su(2)-isotropy AH → 2 is proved (Q10, U1), the admissibility weight convergence [H-w]
is proved (W1), yielding the e�ective Lorentzian co-metric gµν = diag(−2, 2, 2, 2) ∝ ηµν

(Aτ = 2, Q11 [90]). Q5a v2.0 establishes that [H1] is not needed in full generality. Q5a-
O2 [87] proves spectral atomicity of the admissible sector (each pair spans three pure Fourier
modes) and closes hypotheses [H-E1] and [C] without Nash inequalities. Hypothesis [H2]
(strong convergence of the rescaled Weil generators) is proved (H2 paper), closing all hy-
potheses of the Q5a large-q convergence theorem unconditionally on the admissible sector.
O31 develops the structural framework for the SU(3) identi�cation: the metaplectic inter-
twining of Heis3(Z/qZ) forces triplet co-admissibility unconditionally for the colour-adapted
Cayley graph, and the single-frequency BI �ngerprint mechanism (v1.5) makes [H-color] ex-
act pointwise on the standard graph at �nite q, so SU(3) and the Standard Model composite
GSM = SU(3)×SU(2)×U(1) are identi�ed unconditionally for the standard graph. This paper
provides a complete inventory, a logical dependency map, and a structured account of what
is proved, structural, heuristic, or open. It is intended both as an entry point for external
readers and as an internal navigation reference.

Keywords. Non-injective projection; admissibility; Born�Infeld constraint; spectral admissibil-
ity; Heisenberg group; Weil representation; emergent spacetime; lepton mass hierarchy; quantum
mechanics; gauge structure; programme overview.
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1 Introduction and Purpose

The Cosmochrony programme was initiated with a white paper [15] positing that all physical
structure emerges from a non-injective projection Π : Ω → O from a pre-geometric substrate χ
onto observable space. The initial framework postulated a Born�Infeld (BI) saturation constraint,
a relaxation mechanism, and an iterated projection cascade Ut+1 = Π ◦ σ(Ut) as the engine of
dynamics.

Over the course of 2026, the programme has evolved in two parallel directions. On one side,
the spectral admissibility sub-programme (O-series, papers O1�O28) has progressively built the
computational machinery for extracting physical observables from the spectral structure of the
substrate, culminating in the proof of the unconditional transfer chain in O24 [72]. On the other
side, the Foundation paper [6] has refounded the entire framework from four axioms (A1�A4),
dispensing with any explicit substrate χ and relaxation mechanism: these emerge as consequences
of the axiomatic structure rather than being postulated. The Q-series then builds quantum
mechanics, SU(2) symmetry, and Lorentzian spacetime on top of the Foundation axioms and
O-series spectral data.

The corpus comprises 71 papers with complex mutual dependencies. A reader entering the
programme faces two di�culties: it is not obvious where to start, and the distinction between a
theorem, a structural argument, and an open conjecture is not always transparent from individual
paper titles. This roadmap addresses both di�culties.

Conventions on result status. Throughout this paper each result is classi�ed as one of the
following: proved (formally proved as a theorem within the stated assumptions); structural
(derived from structural arguments that are internally consistent but not yet fully formalised);
heuristic (physically motivated and numerically supported but not yet rigorously derived); open
(explicitly conjectured or known to be unsettled). These classi�cations follow the original papers;
this roadmap introduces no new claims.

2 Conceptual Architecture

The programme is organised in three structural levels.

Level 1 � Axiomatic primitive. The primitive is the local structure of admissible non-
injective transitions. No background spacetime, no quantum postulate, and no substrate �eld
are introduced at this level. The four axioms are: local projective admissibility (A1), structural
non-injectivity (A2), admissibility as non-premature selection (A3), and projection locking (A4).
From A1�A2 alone, irreversibility and the arrow of time follow. From A3, the Heisenberg non-
commutativity and the Weil representation emerge. From A4, the discreteness of quantum tran-
sitions follows. Papers at this level: ENI [34], Foundation [6], HeisenbergStructure, noscale [32].

Level 2 � Spectral �bre structure. The admissible �bre is proved to carry the Weil rep-
resentation Vρ of Heis3(Z/qZ) for a prime q (Foundation Theorem 5.6; detailed proof in Heisen-
bergStructure [33]). The O-series computes the spectral properties of this �bre � in particular
the capacity exponent δpair and its transfer to the cascade exponent β∗ governing the charged-
lepton mass hierarchy. Papers at this level: SpectralAdmissibility [52], SpectralCapacity [53],
SpectralGramRigidity [37], SpectralRelaxation [8], and O1�O31 ([43]�[89]).

Level 3 � Physical observables. E�ective spacetime geometry, gauge structure, Standard
Model charges and masses, gravitational waves, and cosmological observables are derived as con-
sequences of Levels 1�2. No additional physical postulates are introduced beyond the continuum-
limit hypotheses of Q5a�Q5b. Papers at this level: the Q-series (Q1 [22], Q2 [46], Q3 [98],
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Q5a�Q7), the gravity track (Spectral2 [48], Gravity [25], Thermodynamics, Lorentz [13]), and the
companion papers ([10, 12, 2, 14, 24, 3, 70]).

3 Branch I: Axiomatic Foundations

3.1 The White Paper

The white paper [15] (�Cosmochrony: A Non-Injective Projection Theory of Emergent Physics,�
v3.2) is the programme's primary overview document. It introduces the substrate �eld χ, the
non-injective projection Π, the BI saturation constraint, the relaxation mechanism, and the
qualitative derivation of spacetime and quantum structure. The spectral entropy functional
SΠ[g] =

1
2 log det

′Ag appears here as the structural origin of the Einstein equation.
Version 3.2 incorporates several structural re�nements informed by the O-series and Founda-

tion results:

� Oriented state machine: the admissible cascade is reformulated as a directed graph on admis-
sible projections; physical histories are directed paths, and the �rst transition is guaranteed
by non-commutativity [X,σ(X)] = Z ̸= 0 [6].

� Initial conditions dissolved: the minimal state χ0 cannot be a global minimum of the cascade;
the �bre non-commutativity prevents any admissible projection from having trivial kernel,
so the cascade begins as a structural necessity.

� Inaccessibility of absolute zero: the Heisenberg structure of the admissible �bre forbids
projective stasis Un+1 = Un at any stage.

� Algebraic necessity of �uctuations (Remark): no admissible projection can have trivial ker-
nel, so quantum vacuum �uctuations are a structural necessity, not a contingent feature.

� Schrödinger as Mosco limit: the continuous Schrödinger equation is derived as the Mosco
limit of the discrete oriented admissibility cascade.

� Extended numerical scope: the PTO monotonicity is veri�ed for q ∈ {29, 61, 101, 151, 211},
with 274 conjugate pairs and 360 post-burn-in steps.

Role: Programme overview; structural motivation; �rst formulation of the BI constraint and
the relaxation cascade. Evolution note: The explicit substrate χ and relaxation mechanism of the
white paper are not postulated in the Foundation reformulation: they emerge from axioms A1�
A4. The white paper remains the primary narrative reference; Branch I papers are the formal
foundation.

3.2 Non-Injectivity as a Structural Necessity of Genuine Emergence

The ENI paper [34] proves the following no-go theorem. Any genuinely emergent (non-isomorphic
e�ective) physical description is necessarily non-injective and intrinsically compressive. The ar-
gument is purely structural: given a surjective Π : Ω → O such that O carries no independent
microstate-resolving structure beyond Π, non-isomorphism of levels forces non-injectivity. A pro-
jection entropy SΠ ≥ 0 is de�ned, and the equivalence genuine emergence ⇔ Π non-injective ⇔
SΠ > 0 is established (proved, Theorem 2.1 and Corollary 3.1).

Role: Foundational justi�cation for structural non-injectivity (Axiom A2). Version 2 adds
Corollary 6 (recursive non-injectivity: any tower of genuinely distinct emergent levels carries one
independent non-injective projection per stratum) and Section 5 (towers of emergence, structural
colour con�nement as projective necessity). A new Remark (algebraic route) shows that in frame-
works whose �bre carries a Heisenberg algebra [X,Y ] = Z ̸= 0, SΠ > 0 also follows directly
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from �bre non-commutativity: a trivial-kernel projection would require simultaneous diagonal-
isation of X and Y , which is structurally forbidden. The two derivations are complementary:
Theorem 2.1 answers what is forced (framework-independently); the algebraic route answers why
in Heisenberg-�bred frameworks. Cited by Foundation, HeisenbergStructure [33], Q1 [22], Bell,
O32 [78].

3.3 Foundation: Admissible Non-Injective Transitions as the Primitive

The Foundation paper [6] (v1.13) establishes the minimal axiomatic basis of the programme. From
the four axioms A1�A4 alone it derives: (i) irreversibility and the arrow of time (A1+A2); (ii)
the proto-state as a physically real unresolved con�guration retaining phase coherence (A3); (iii)
a non-trivial commutator between conjugate generators, forced by A3 and the minimality of A1;
(iv) the identi�cation of the admissible �bre symmetry group as Heis3(Z/qZ) for a prime q, to-
gether with BI parity (A1�A3); (v) the identi�cation Fn

∼= Vρ (Weil representation) as a theorem
(Theorem 5.6); (vi) the discrete character of quantum transitions from A4; (vii) projective incom-
pleteness (Corollary to Theorem 5.4): every admissible projection Πn has a non-trivial kernel, so
no observable description is ever complete � a direct consequence of [X,σ(X)] = Z ̸= 0. The
paper also establishes the threefold role of Πn (Remark 3.5): admissibility �lter, generator of
temporal order, and revelation operator � three roles that are algebraically inseparable and all
sourced in the non-commutativity. v1.10 adds the co-metric result gµν = diag(−2, 2, 2, 2) (from
Q5b, Q6b, Q8, Q10, Q11) to the results table, and a new section placing the four axioms relative
to established formalisms (Hamilton�Jacobi, symplectic geometry, WKB, functional renormalisa-
tion group). v1.13 revises the entanglement framework: �bres are now de�ned as infra-projectable
cells (unsplit con�gurations below the resolution of Π), the derivation of entanglement entropy is
integrated into the foundation text by importing the admissible pair entropy of Q3 [98] and ENT-

E2 [71], and the Bell non-applicability argument is strengthened: in the projective framework
Bell factorisability does not apply at the proto-state level (the joint object is below Π-resolution),
recovering the Bell-paper's conclusion as a structural consequence of A2.

Status: proved for the algebraic identi�cation of the �bre; structural for the continuum limit
(deferred to Q5a�Q5b). Role: Axiomatic spine. Cited by all Q-series papers, HeisenbergStruc-
ture [33] , noscale, and recent companion papers.

3.4 Non-Factorisability and the Emergence of Heisenberg Structure

HeisenbergStructure [33] provides the detailed proof of Foundation Theorem 5.6, omitted from the
Foundation paper for concision. The central structural lemma � admissible non-factorisability �
is a direct formalisation of Axiom A3 and requires no input beyond A1�A3, BI parity, and classical
group-classi�cation results. As a corollary, the Heisenberg uncertainty principle is derived as a
structural property of the non-resolved proto-state, not as an independent postulate (proved).

Role: Detailed proof of the algebraic core; cited by Q1 [22], Q2 [46].

3.5 No External Dimensional Scale at the Level of Admissibility

The noscale paper [32] establishes a structural rigidity result (Level 1): any deformation of the ad-
missibility constraints that introduces a dimensional parameter independent of cχ breaks at least
one of BFS-consistent spectral scaling, structural non-injectivity (A2/ENI), or bounded admissi-
bility closure (A3�A4). Dimensional analysis within the framework is therefore fully constrained
by cχ alone (proved).

Role: Closes the naturalness question for dimensional parameters.
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3.6 Branch I Synthesis: NIF-Note

The papers ENI [34], Foundation [6], HeisenbergStructure [33], and noscale [32] form the non-

injective foundations sub-programme, whose synthesis paper is the presentation noteNIF-Note [65]
(Presentation Note 5). NIF-Note maps these four constituents into the single axiomatic chain

A1�A4 =⇒ Π non-injective, SΠ > 0 =⇒ [X,σ(X)] = Z ̸= 0 =⇒ Heis3(Z/qZ) =⇒ Vρ,

and records the formal liquidation of the white paper's preliminary χ/relaxation/iterated-projection
vocabulary: the substrate is static, the admissibility constraint replaces relaxation throughout the
corpus, and observable evolution is an induced ordering of admissible projections rather than a
dynamics of χ. NIF-Note identi�es two open structural deliverables for the sub-programme: ex-
tension of the Born rule beyond the SU(2) sector (Q3) and the Level 2 scale determination of
noscale (every emergent scale as a functional of cχ alone).

Role: Synthesis of Branch I. Provides the explicit input/output table of the axiomatic founda-
tions and is the canonical entry point for downstream sub-programmes (Notes 1�4 of the spectral
admissibility, emergent geometry, gauge structure, and spectral gravity tracks).

4 Branch II: Spectral Admissibility Sub-Programme (O-Series)

The O-series targets the derivation of the charged-lepton mass hierarchy from the spectral struc-
ture of the admissible �bre. The central quantity is the power-law exponent δpair of the pair-level
capacity observable σpair(n) = σc(n) · σq−c(n) along the BFS cascade. The main transfer chain is

cχ −→ δpair −→ β∗ ≈ 0.126 −→ me : mµ : mτ . (1)

This chain is proved unconditionally with respect to the �bre structure of Π (O24 [72], Corol-
lary 4.2). The numerical validation of (1) is the subject of O25 [58].

The presentation note SpAdm-Note [67] is the synthesis paper of this sub-programme: it
maps the constituent papers below � the �ve precursor papers and the O-series O1�O32 �
into a single account of the derivation chain (1), recording the status of every result as proved,
structural, numerical, or open, and stating the two remaining open deliverables (the pointwise
proof of hypothesis [H-color] and the extension of the numerical campaign to q = 401). Their
individual contributions follow.

4.1 Precursor Papers: SU(2) Admissibility Sub-Programme

Three papers precede the O-series proper and explore spectral admissibility on Cayley graphs of
�nite SU(2) subgroups.

SpectralAdmissibility [52] (v2.0) carries out the spectral admissibility programme on two
parallel chains. For the SU(2) chain Q8 ⊂ 2I ⊂ PSL(2,Fq), it derives the admissibility hierarchy
Amax

n = cχ/
√
λn in the linearised regime and shows that the non-linear DBI correction preserves

it. For the SU(3) chain ∆(27) ⊂ Σ(168), it establishes via character theory the hierarchy λ3 =
λ3̄ = 28 < λ6 = λ8 = 42 < λ7 = 48 on Cay(Σ(168), C4), proving that the fundamental and
anti-fundamental representations are co-admissible and strictly dominate all competitors. The
algebraic mechanism is uniform: χ3(g) = 1 for all g ∈ C4 plays the same structural role as
χρ4 = 0 on Q8 and the golden-ratio identity on 2I (proved).

SpectralCapacity [53] introduces the capacity functional C(G,S) and proves the binary-
polyhedral maximality conjecture: the adjoint identity Âadj = 2M − I (where M is the second-
moment tensor of the axis distribution) shows that icosahedral isotropy forces µadj(2I) = −1

3 ,
while axis-plane con�nement forces µadj(Dicn) ≥ 0 for all n ≥ 3; combined with a Plancherel
uniform bound, this yields a strictly increasing capacity gap ∆(α) > 0 for all α > 0 (proved).

SpectralGramRigidity [37] (v1.0.1) shows that the geometry of neutral generating sets on
SU(2) is fully encoded in pairwise character values Gst = −1

2χρ(st) (proved).
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Three Particle Generations [68] derives the three-generation structure from the ADE strati-
graphic levels of binary Cayley graphs (structural).

4.2 SpectralRelaxation: Expander Graph Dynamics

The SpectralRelaxation paper [8] establishes Λproj ≍ λ2 for LPS expander families (proved),
providing the entry point for the O-series dynamics.

4.3 O1�O8: LPS Phase � Cascade Exponent β

O1 [43]: LPS saturation is a �xed-valence artefact; growing valence restores the pre-saturation
window (proved). (Note: O2 was not written; the O3 derivation path was chosen instead.)

O3 [41]: First quantitative SM connection. The phenomenological window β∗ ∈ (0.09, 0.13)
is derived from the charged-lepton mass ratios me : mµ : mτ (structural).

O4 [57]: The structural upper bound β ≤ 1 follows from the BI �ux constraint and the Cheeger
isoperimetric inequality (proved).

O5 [5]: Obstruction theorem. The β gap cannot be closed by any purely representation-
theoretic or �xed-representation approach (proved).

O6 [30]: Matrix-level con�nement of the cascade exponent (proved).
O7 [39]: Reformulates the target as a capacity exponent δ ∈ [7.4, 10.6] on three-step path

�ngerprints (structural).
O8 [1]: Establishes the geometric obstruction closing the LPS phase. Exponential shell growth

|Sn| ∼ pn on LPS graphs compresses the pre-saturation window to O(log q) BFS steps (proved).

4.4 O9�O15: Heisenberg Transition

The geometric obstruction identi�ed in O8 motivates replacing LPS graphs by Cayley graphs of
Heis3(Z/qZ).

O9 [40]: Structural transition. Polynomial ball growth |Bn| ∼ n4 provides Θ(q) usable BFS
steps (proved). This is the key structural transition of the O-series.

O10 [38]: First large-q computation (q = 101). Con�rms n4 growth; a TensorSketch repre-
sentation obstruction is identi�ed at large q (proved).

O11 [73]: Bidimensional Fourier-character proxy overcomes the TensorSketch obstruction
(structural).

O12 [17]: Exact Weil-block �ngerprints resolve the �nal obstruction. Establishes δ̂exact ≈ 4.3�
4.8 for q ∈ {29, 61, 101, 151, 211} (proved).

O13 [9]: δ̂exact(q) decreases monotonically from 4.80 to 3.59; the �nite-size hypothesis is
de�nitively refuted (proved).

O14 [36]: Corrects the δ 7→ β∗ relation via block normalisation and central-phase contributions
(structural).

O15 [35]: Block-level no-go. No reweighting of individual block data can raise δ̂exact to
δ ∈ [7.4, 10.6] (Corollary 4.8, proved). This result forces the pair observable introduced in O16.

4.5 O16�O24: Pair Observable and Unconditional Transfer Chain

O16 [18]: Identi�es the misidenti�cation of the observable. The physically relevant quantity is
σpair(n) = σc(n) · σq−c(n) on conjugate pairs {c, q− c}. The exponent doubling δpair = 2δc ≈ 7.44
resolves the gap (structural).

O17 [19]: Structural derivation. ρq−c = ρ̄c is forced by �bre-level admissibility; the pair
structure is derived, not postulated (proved).

O18 [31]: Foundational derivation of the parity involution c ↔ q − c. BI parity is the only
global symmetry of SBI[χ], ensuring each �bre of Π is exactly {χ,−χ} (minimal �bre condition,
proved, Theorem 4.1).
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O19 [4]: The residual amplitude factor r(c, q) ∈ {1, 2, 3, 4} does not a�ect δpair; the observable
is pipeline-independent (proved).

O20 [42]: Dynamical selection criterion for admissible modes via projective persistence (struc-
tural).

O21 [51]: De�nes the observable saturation rank nobs
3 via Σc(n3) = 3 and constructs the

transfer δpair → β∗ (structural).
O22 [50]: BI projection locking forces nobs

3 onto a BFS shell (Theorem 3.2, proved).
O23 [69]: The threshold Σc(n3) = 3 follows from the quaternionic maximality of the admissible

neutral generating set (proved).
O24 [72]: Capstone of the analytical O-series. The Verticality Lemma (�kerΠ is free, ImΠ is

constrained�) closes the unconditional transfer chain cχ → δpair → β∗ (Corollary 4.2: β∗ ≈ 0.126,
proved).

4.6 O25�O30, PTO, and Fibre Erasure: Numerical Validation, Sector Identi-
�cation, Eigenvalue Ratio, and Information-Theoretic Axes

O25 [58]: Systematic pair-level numerical campaign. Computes δpair across all (q − 1)/2 con-
jugate pairs with M = 50 independent block samples per pair, for q ∈ {29, 61, 101, 151, 211}.
Results: δ̄pair ∈ {8.89, 9.98, 9.55, 9.13, 8.78} with inter-pair standard deviation decreasing from
0.54 to 0.11, con�rming δpair as a structural invariant. After the O14 normalisation correction,
corrected values δcorr(q) ∈ [7.7, 9.0] fall consistently within the admissible window [7.4, 10.6] for
q ∈ {61, 101, 151, 211}. Direct extrapolation to q → ∞ is shown to be structurally degenerate;
the central open direction is the analytical control of n1(q)/q (structural).

O26 [45]: Dictionary between conjugate Weil blocks and rank-1 matrices inM2(C), connecting
the Heisenberg �bre to 2I ⊂ SU(2) (structural).

O27 [47]: Every admissible morphism Φq,ρ satisfying involution equivariance, quadratic com-
patibility, and naturality factors through su(2) (proved).

O28 [7]: Two measurements from the Q5a-O5 checkpoints. Part A: the BFS window ratio
n1(q)/q decreases from 0.138 to 0.066 over q ∈ {29, 61, 101, 151, 211} (Scenario S2, pre-asymptotic
regime); OLS �t n1(q) = α̂ q + β̂ gives α̂ ≈ 0.053; δcorr(q) ∈ [7.4, 10.6] for all tested primes,
con�rming O25. Part B: formal e�ective-dimension computation of O26 Criterion 5.4 in End(Heff),
Heff = C3 (HEFF_DIM = 3, consistent with Σc(n3) = 3 from O23). The covariance Cc has rank
exactly 3 for every conjugate pair and every q ∈ {61, 101, 151} (100% of pairs), with invariant
eigenvalue structure [λ1 : λ2 : λ3] = [1 : 1

2 : 1
2 ]. The exact degeneracy λ2 = λ3 is a structural

consequence of the Born�Infeld parity involution c ↔ q − c (O18), which correlates conjugate
projections and constrains Cc to a symmetric subspace. The gap from d2ρ = 4 re�ects Heff ̸= Vρ;
analysis of Vρ ⊂ Heff is carried out in O29.

O29 [55]: Spin-12 sector identi�cation via the symmetric rank formula (structural, numer-

ically con�rmed). The Born�Infeld parity constraint πq−c(v) = πc(v) (O18) is proved to force
every outer product Mj = πc(vj)⊗ πq−c(vj)

∗ into the complex symmetric subspace Sym(Vρ,C) ⊂
End(Heff). This is an algebraic identity, not lifted by any complex-linear reparametrisation. The
resulting covariance rank satis�es the symmetric rank formula reff = dρ(dρ + 1)/2, whose unique
positive integer inversion at reff = 3 gives dρ = 2, con�rming the spin-12 sector. Numerically:
reff = 3 universally for q = 61 (30/30 pairs) and q = 151 (75/75 pairs) with zero inter-pair vari-
ance; at q = 211 (105/105 pairs, 100%, multi-sample con�rmed), reff = 3 holds universally (the
2 single-sample anomalies con�rmed as artefacts); at q = 101, modal reff = 3 is con�rmed by a
dedicated multi-sample analysis (M = 5 resamples per anomalous pair, 76.7% of (pair, sample)
cells satisfy reff = 3, with modal reff = 3 for all 18 pairs), con�rming dρ = 2 at the modal level.
The O26 Criterion 5.4 is reformulated for conjugate-pair data: d2ρ = 4 → dρ(dρ + 1)/2; spin-12
satis�es the reformulated criterion exactly.

O30 [76]: Analytical derivation of the eigenvalue ratio λ1/λ2 = 2 (proved). The Born�Infeld
parity anti-linearity ρq−c = ρ̄c forces every admissible trajectory vector wj = πc(vj) ∈ Vρ

∼= C2
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to satisfy |αj | = |βj | (equatorial constraint), i.e., wj lives on an equatorial S1 ⊂ S3 in Vρ. In the
equatorial regime, the central component

√
2αjβj of vec(Mj) is phase-independent (the phases

cancel exactly), while the diagonal components α2
j and β2

j oscillate as e
±2iϕj . The covariance then

diagonalises under the single-harmonic phase decorrelation condition ⟨e2iϕj ⟩ = 0, yielding Cc =
⟨r4j ⟩ · diag(1/4, 1/2, 1/4) and spectral ratio [1 : 1

2 : 1
2 ] exactly. The factor of 2 is purely structural:

it is the squared symmetric-tensor normalisation coe�cient in e0 = (v+⊗ v− + v−⊗ v+)/
√
2,

isolated by the equatorial constraint as the sole source of eigenvalue asymmetry. The correction
to the equatorial condition is O(q−1/2) from U1 [97]. This closes the open direction of O28�O29
�7.4.

O31 [89]: Structural framework for the SU(3) identi�cation (structural). Shows the O23
Hurwitz argument cannot directly produce dρ = 3 (proved). De�nes the colour triplet {c1, c2, c3} ⊂
(Z/qZ)∗ with c1 + c2 + c3 ≡ 0 (mod q); such triplets exist i� q ≡ 1 (mod 3) (proved). The
metaplectic automorphism ϕω(a, b, z) = (ωa, ω−1b, z) forces σc(n) = σωc(n) for all shells on the

colour-adapted Cayley graph Cay(Gq,S(3)
q ) (proved, Theorem 4.4). The symmetry group of the co-

admissible triplet is exactly SU(3), with U(3), SO(3), U(2), G2 excluded (proved). The Standard
Model gauge group GSM = SU(3)×SU(2)×U(1) follows as a composite of three admissibility �xed
points. In v1.5 the identi�cation is made unconditional for the standard graph: each Born�Infeld
�ngerprint vector is a single additive character of frequency B = c1b1+c2b2+c3b3 (Lemma single-
frequency, proved), so the capacity observable σc(n) counts distinct frequencies and the orbit
dilation B 7→ ωB preserves it exactly (Proposition hcolor-frequency, proved). This establishes
[H-color] pointwise on the standard graph at �nite q, so SU(3) and GSM hold unconditionally for
the standard graph. U1 universality implies |σc − σωc| = O(q−1/2) for any generating set, so the
identi�cation is generating-set-independent in the large-q limit. The generating-set independence

operates at two levels (two-tier result): (i) exactly, for the colour-adapted graph Cay(Gq,S(3)
q )

(metaplectic argument, Theorem 4.4); (ii) up to O(q−1/2), for any generating set including Sq

(U1 universality, Proposition 4.7). Proposition 4.6 shows that S(3)
q is the canonical colour-sector

generating set: the minimal extension of Sq closed under ϕω, in exact analogy with Sq being
canonical for the pair sector under ϕ−1. Additionally, Theorem 5.3 (generator-twist isospectrality)
proves that the Weil-sector Markov operator is isospectral under the generator twist Sq 7→ ϕω(Sq):
spec(ρc(PSq)) = spec(ρc(Pϕω(Sq))) for all c ∈ (Z/qZ)∗, con�rmed to machine precision (|∆λ| <
10−12) for all q ≡ 1 (mod 3), q ≤ 157. However, this isospectrality does not extend across distinct
central characters: spec(ρc(PSq)) ̸= spec(ρωc(PSq)) in general (max |∆λ| ≈ 0.3�0.4), establishing
that [H-color] on the standard graph cannot be proved through global Markov-spectrum equality;
the BFS capacity is a strictly �ner observable. The correct algebraic mechanism is identi�ed by
two new results. Intra-coset Vandermonde symmetry (Lemma, proved): the irreducibility of the
Weil representation (Schur's lemma) forces the Heisenberg centre to act as a scalar in each ρci , so
every horizontal coset (a, b) contributes exactly one independent direction to each colour summand
Vci ; the Vandermonde invertibility of the triplet phase matrix (λk

j )j,k, with λj = e2πicj/q, then
guarantees this, independently of any spectral property of ρc(PSq). Colour sector rank equality

(Proposition, proved unconditionally): rc(n) = rωc(n) = rω2c(n) for all BFS depths n and any
seed, unconditionally on the standard graph. This proves [H-color] at the level of BFS sector
ranks without reference to the global Markov spectrum; v1.5 strengthens this to the full O12/O32
capacity functional σc(n) via the single-frequency BI �ngerprint mechanism above. The O32
numerical campaign provides independent con�rmation across the four-prime dataset. Section 6
provides the conceptual uni�cation: U(1), SU(2), SU(3) arise from BI-admissible �bre orbits
of size 1, 2, 3 respectively (phase non-injectivity, minimal correlated non-injectivity, relational
correlated non-injectivity), with non-factorisability (Foundation M, Axiom A3) as the uniform
structural origin. O32 [78]: tests [H-color] numerically on q ∈ {61, 151, 211, 307} (test, q ≡ 1
(mod 3)) and q ∈ {29, 101} (controls). Noise �oor ctrl_ref = 1.657× 10−3. Normalised ratios:
R = 2.1 (q = 61, 1/4 triplets valid), R = 0.4 (q = 151), R = 1.0 (q = 211), R = 0.7 (q = 307).
All four pass R ≤ 3; δtri ≈ 3δc sub-percent; Ccolor numerical rank 1 in all cases. Additionally
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proves analytically (Proposition avg-hcolor) that E[σc(n)] = E[σωc(n)] + O(q−1), establishing
[H-color]eff (capacity-exponent equality) in the q → ∞ limit. In v1.5, the companion result of
O31 (single-frequency BI �ngerprint) makes pointwise [H-color] exact on the standard graph at
�nite q: the residual Rvar is reinterpreted as the �nite-sample footprint of independent auxiliary
draws, with expected Rvar ∝ q−1 scaling consistent with the observed factor 5 decrease from q = 61
to q = 151. Status: structural ([H-color] numerically con�rmed for all q ∈ {61, 151, 211, 307};
[H-color]eff analytically established; pointwise [H-color] proved analytically via O31 v1.5).

PTO [44]: The cumulative projected capacity I(n) = σpair(0) − σpair(n) is strictly non-
decreasing and hence compatible with an arrow of time. Con�rmed numerically for q ∈ {29, 61, 101, 151, 211}
(structural). The admissible cascade is shown to carry the structure of an oriented state ma-
chine: nodes are admissible projections, edges are admissible transitions, and branching weights
play the role of quantum probabilities. The �rst transition U0 → U1 is guaranteed by projective
incompleteness (Foundation Corollary to Theorem 5.4): temporal ordering starts as a structural
necessity, not a postulate. Open: whether the characteristic shell n∗(q) coincides with the locking
depth nc(q) at which BFS coverage transitions from locally to universally dominated � which
would connect the spectral ordering to the e�ective geometry results of Q10 [75].

Fibre Erasure [83]: Hub paper between ENI [34] and the BFS spectral cascade. De�nes a
residual �bre-information functional I(c;σ(ℓ)) on the BFS coarse-graining axis ℓ, distinct from
and orthogonal to the temporal axis n of PTO. Conditional on the structural su�ciency hypoth-
esis [H-su�], the data-processing inequality implies that I(c;σ(ℓ)) is non-increasing in ℓ: �bre
information is erased, not created, under admissible coarse-graining (Thm 4.1). [H-su�] is proved
unconditionally at the BFS rank level (Prop. 3.6, label-blindness from Schur's lemma); for the full
Born�Infeld capacity it is numerically supported for q ∈ {61, 151, 211}. Strictly not a c-theorem:
no counting of e�ective degrees of freedom is claimed (listed as open problem [O-2]). Together with
PTO, constitutes the information-theoretic architecture of the admissibility cascade: resolution
axis ℓ (Fibre Erasure) and temporal axis n (PTO) are structurally orthogonal.

5 Branch III: Q-Series and Physical Applications

5.1 Q-Series: Quantum Mechanics and Spacetime Emergence

The Q-series derives quantum-mechanical and geometric structure from the Foundation axioms,
taking as input the �bre identi�cation Fn

∼= Vρ and selected O-series results.
Q1 [22]: Phase coherence is a structural consequence of projective admissibility (not a pos-

tulate). Theorem 2.7 proves that any admissible transition preserves the BI indiscernibility of
conjugate Weil blocks ρc and ρq−c, maintaining the metaplectic phase coherence of the �bre. The

singlet correlator E(â, b̂) = −â · b̂ and the Tsirelson bound are derived from admissibility, O18,
and O23 (proved; numerically validated for q = 29).

Q2 [46]: Extends the programme to spin-32 . On the binary icosahedral group 2I, the spin-12
and spin-32 sectors share the Laplacian eigenvalue λ1/2 = λ3/2 = 18 (co-admissibility). The Born

rule, singlet correlator, and Tsirelson bound are derived for spin-32 without new postulates. SU(2)
is established as the stable �xed point of the admissibility �ow (proved for spin-32 ; general-j
extension proved in Q3 [98]).

Q3 [98]: Completes the SU(2) quantum sector for all admissible j. BI indiscernibility forces
the bipartite proto-state to be invariant under the diagonal 2I-action on Vχ2j+1 ⊗ Vχ2j+1 ; Schur's

lemma applied to the Clebsch�Gordan decomposition χ2j+1 ⊗ χ2j+1 =
⊕2j

J=0 χ2J+1 uniquely

identi�es the proto-state as the singlet |Ωj⟩. The universal correlator E(â, b̂) = −j(j+1)/3 · (â · b̂)
and the Born rule are derived for all �ve admissible sectors j ∈ {1

2 , 1,
3
2 , 2,

5
2} of 2I (proved).

Closes the open step of Q2 (identi�cation of the isotropic �bre state with the proto-state for
spin-32 , and general-j extension).

The papers Q1, Q2, Q3, and the Bell paper [10] form the quantum structure sub-programme,
whose synthesis paper is the presentation note QS-Note [66] (Presentation Note 7). QS-Note
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organises these four constituents into the six-step structural chain BI indiscernibility ⇒ phase

coherence (Q1 Thm 2.7) ⇒ singlet correlator E(â, b̂) = −â · b̂ (Q1 Thm 2.14, from four struc-
tural inputs) ⇒ Tsirelson bound |SCHSH| ≤ 2

√
2 (Q1 Cor 2.16) ⇒ Born rule (Q1 Thm 2.18,

no Gleason theorem) ⇒ SU(2) as stable �xed point of the admissibility �ow (Q2 Thm 8.6) ⇒
universal spin-j correlator (Q3 Thm 5.2 for all �ve admissible sectors of 2I). Bell [10] con-
tributes the structural non-applicability of Bell-type factorizability in any non-injective e�ec-
tive description (published in Quantum Reports). The note isolates the upstream inputs con-
sumed (Notes 1 and 5 for the Weil �bre and the admissibility thread; O18, O22, O23, Born-
Infeld for the parity/isotropy/indiscernibility inputs; ENI for the Bell argument), records the
proved/numerical/open status of every result, and states the two open deliverables: Born rule

for general observables beyond SU(2), and numerical validation of the rank-W
(c)
n = 0 coherence

witness across q ∈ {29, 61, 101, 151, 211, 307, 401}.
The papers Q5a, Q5a-O2, Q5b, Q6b, Q7�Q11, U1, W1, and H2 form the emergent geometry

sub-programme, whose synthesis paper is the presentation note EG-Note [60]. It maps these
twelve papers into the chain Πq → Leff → gµν = 2ηµν , deriving the e�ective four-dimensional
Lorentzian metric from the admissibility �lter acting on the Weil representation, with all four
metric coe�cients �xed by the su(2)-Casimir on the spin-1 module Sym2(Vρ). Their individual
contributions follow.

Q5a [26]: Under Mosco hypotheses, the admissibility forms Eq on Heis3(Z/qZ) converge to
LΠ = −A∂2

x on L2(R) (structural, conditional).
Q5b [11]: The BFS shell strati�cation of Heis3(R) produces a four-dimensional Lorentzian

spacetime, with the temporal direction identi�ed with the BFS depth. Hypothesis [H-lift] (Q5b-
O1), formerly conditional, is proved by Q9 [84] (structural; unconditional with respect to [H-lift]
via Q9).

Q6a [23]: Gauge charges are the invariants of the projection-�bre equivalence classes. U(1) and
SU(2) are identi�ed as �xed points of the admissibility �ow. SU(3)×SU(2)×U(1) is derived as a
composite (structural; SU(3): unconditional for the standard graph via the v1.5 single-frequency
BI �ngerprint mechanism, see O31 [89]).

Q6b [16]: E�ective Lorentzian geometry from the admissibility �lter Πq; inherits Q5a hy-
potheses only ([H-lift] closed by Q9). Derives the e�ective metric gµν(x) ∝ Aµν(x) of Lorentzian
signature (−,+,+,+) from the principal symbol of Leff ; with Q8, Q10, Q11 the co-metric is
fully explicit: gµν = diag(−2, 2, 2, 2). Proves the Schwarzschild metric as the unique station-
ary exterior solution under spherical symmetry and �ux conservation; the horizon appears as a
principal-symbol degeneracy. Establishes the Hamilton�Jacobi equation gµν∂µS ∂νS = 0 as the
e�ective massless propagation structure. The Einstein equations emerge as consistency conditions

via the spectral entropy functional. Closes the geometric chain Πq
Q5a−−→ LΠ

Q5b−−→ gµν
Gravity−−−−→ Gµν

(structural, conditional on Q5a).
Q7 [96]: Bridge candidate between the admissible dimension dimHeff = 3 (O23�O29) and

the three spatial dimensions of Q5b. Proves [su(2)] ̸∼= heis3 (the bridge cannot be a Lie alge-
bra isomorphism) and identi�es Heff

∼= Sym2(Vρ) as the spin-1 representation of su(2) (O29).
Establishes structural uniqueness of the bridge via Schur's lemma, and reduces the identi�ca-
tion to the isotropy condition AH = Az on σ2(Leff). Proves analytically [Fc, LWeil] = 0, which
forces the cross terms kXkZ = kY kZ = 0 structurally. Numerical evidence on O25 checkpoints
(q ∈ {61, 101, 151, 211}) gives Az = 2 universally and |AH − Az| → 0; four-point OLS �t gives
|AH −Az| ≈ 0.364 q−0.52 (R2 = 0.98), consistent with O(q−1/2) (Q5b Theorem 3.2). (structural;
asymptotic isotropy AH → 2 = AZ proved by Q10 and U1, conditionally on [U]; bridge existence
at �nite q: open).

Q8�Q11, U1, W1, H2 (Geometric emergence cluster). Q8 [56] establishes AZ =
Csu(2) = 2 unconditionally under Q5a via Casimir rigidity (structural). Q9 [84] proves [H-lift] as

a theorem: the modulation generator is suppressed at rate O(q−1/2), and AH > 0 follows by coer-
civity independently of the bridge (proved, under Q5a). Q10 [75] proves AH → 2 under spectral
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universality [U]: character-independence forces su(2)-isotropy of the e�ective form, and the unique
such form is the Casimir with value 2 (structural, conditional on [U]). U1 [97] proves [U] with
rate ε(q) = O(q−1/2) from the Weil-generator Lipschitz bound and BFS�Carnot�Carathéodory
convergence (proved). W1 [99] proves Hypothesis [H-w] (convergence aq(s) → A > 0 of the
admissibility weights) as a structural consequence of the �bre-invariance of admissible observables
(O = ImΠ), made quantitative by U1 (proved). After W1, the open Q5a hypotheses reduce to
three: [H1], [H-E1], and [C]. Q5a-O2 [87] subsequently proves that [H1] is not needed in full gen-
erality on the admissible sector, and closes [H-E1] and [C] via spectral atomicity. H2 [86] proves
the last open hypothesis, [H2] (strong convergence of the rescaled Weil generators X̂q → x and
P̂q → −i∂x), via a quantitative Poisson aliasing lemma and a discrete Sobolev identity (proved).
All hypotheses of the Q5a large-q convergence theorem are veri�ed unconditionally on the ad-
missible sector. Q11 [90]: Temporal Casimir rigidity closes Q5b open problem O3 (identi�cation
of Aτ from admissibility data) (structural). The cascade increment operator internalises no
new irreducible representation (Schur rigidity); asymptotic su(2)-equivariance forces the temporal
coe�cient Aτ = 2, identical to the spatial Casimir value. The e�ective Lorentzian co-metric is
thereby fully identi�ed: gµν = diag(−2, 2, 2, 2) ∝ ηµν (Minkowski). The derivation chain Q5a →
Q5b → Q7 → Q8 → Q9 → Q10 → U1 → W1 → H2 → Q11 → Q5b-O3 closed is now complete.

Q12 [100]: Yang�Mills dynamics from the vertical variation of the projective spectral entropy
(structural, conditional on Q6a for the gauge group; SU(3) sector unconditional at the pointwise
level: [H-color]pointwise proved analytically in [89]). The Gravity paper [25] derived the Einstein
tensor as the infrared-dominant horizontal response of SΠ[g] =

1
2 log det

′Ag (the a2 coe�cient).
Q12 carries out the complementary vertical variation: the operator Ag is extended to Ag,A =
−(∇A)2+E on the associated vector bundle of the admissible principal bundle PGΠ

(M,GΠ), and
the Seeley�DeWitt coe�cient a4 is computed:

a4(Ag,A)
∣∣
gauge

=
1

16π2

∫
1

12
Tr(FµνF

µν)
√
g d4x .

The extended spectral entropy SΠ[g,A] therefore contains the renormalized Yang�Mills term with
logarithmic coupling g−2

YM ∼ (12 ·16π2)−1 log(Λ/µ), and the vertical variation δASΠ = 0 yields the
Yang�Mills equations DµF

aµν = 0 in the current-free sector (proved for the a4 derivation given
GΠ). The induced Newton's constant G−1

N ∼ ℓ−2
sp (quadratic UV) and the induced gauge coupling

(logarithmic UV) share the same spectral cuto� ℓsp; the gauge�gravity hierarchy GNg2YM ≪ 1
is a structural consequence of the Seeley�DeWitt expansion and requires no �ne-tuning. The
horizontal�vertical decoupling lemma guarantees that the Einstein and Yang�Mills sectors are
independent at orders a2 and a4: a2 → Einstein, a4 → Yang�Mills, from the single functional
SΠ[g,A]. Beyond the technical derivation, Q12 identi�es a conceptual principle: gravity and gauge
dynamics are separated by geometric direction (horizontal vs. vertical variation on the admissible
bundle) and by spectral order in the Seeley�DeWitt hierarchy, not by a missing symmetry group.
The distinct UV behaviours � quadratic divergence for gravity, logarithmic for gauge � are
structural consequences of this spectral strati�cation and require no independent input. This
suggests that the natural organisational space for uni�cation in the present framework is spectral
and variational rather than primarily group-theoretic: the di�culty of reconciling gravity with
the gauge-theoretic Standard Model may re�ect a di�erence of Seeley�DeWitt order rather than
the absence of a common symmetry group Gunif . The gauge�gravity synthesis is carried out in
Q13.

Q13 [80]: Gauge�gravity spectral synthesis (structural, conditional on Q12 and the Gravity
paper; SU(3) sector unconditional at the pointwise level ([H-color]pointwise proved in [89])). Q13
completes the trilogy (Gravity, Q12, Q13) by solving the joint variational problem δg,ASΠ = 0
and deriving the coupled Einstein�Yang�Mills system. The metric variation of the a4 coe�cient
yields the Yang�Mills stress tensor as the source term for gravity: Gµν = 8πGNT YM

µν + O(a6)
(proved modulo the Lemma on metric-independence of Fµν). The a6 Seeley�DeWitt coe�cient is
computed and produces the leading gauge�gravity cross-coupling RµνρσF

µνF ρσ, suppressed by ℓ2sp
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(structural). The Eddington�Born�Infeld completion of the joint functional is constructed from
the same cχ saturation bound, recovering both sector-speci�c BI completions as limits (struc-
tural, with residual ambiguity in the tensor Ξµν). The gauge�gravity hierarchy is a structural
output:

GNg2YM ∼
ℓ2sp

dimV
·
[
log

Λ

µ

]−1
≪ 1,

without �ne-tuning, as a direct consequence of the Seeley�DeWitt strati�cation (a2 → gravity
at quadratic UV, a4 → gauge at logarithmic UV). The central conceptual contribution is the
identi�cation of the spectral strati�cation principle: gravity and gauge dynamics are not uni�ed
by enlarging the symmetry group, but are strati�ed by Seeley�DeWitt order within the single
operator Ag,A. The fermionic extension is carried out in Q14.

The Gravity paper [25], Thermodynamics [28], Lorentz/CausalPropagation [13], and BornIn-
feld [12] form the spectral gravity sub-programme, whose synthesis paper is the presentation note
SG-Note [95] (Presentation Note 4). SG-Note answers why the e�ective metric gµν = 2ηµν sat-
is�es the Einstein equations: from the projective spectral entropy SΠ[g] =

1
2 log det

′Ag it derives
the Einstein tensor as the infrared-dominant horizontal response (the a2 coe�cient), reformulates
it as a spectral equilibrium condition, extends it causally to gravitational-wave propagation, and
provides its ultraviolet Born�Infeld completion. The a2 Einstein sector is the gravitational input
consumed by the gauge�gravity strati�cation sub-programme below (Note 8).

Q12 and Q13 form the gauge�gravity strati�cation sub-programme, whose synthesis paper is
the presentation note GGS-Note [62] (Presentation Note 8). GGS-Note organises the two con-
stituents into the spectral strati�cation chain a2 → Gµν (horizontal δg), a4 → DµF

aµν = 0
(vertical δA), a6 → RµνρσF

µνF ρσ (mixed, structural), all from the single functional SΠ[g,A] =
1
2 log det

′Ag,A. Q12 is shared with the gauge-structure sub-programme (Note 3), where it provides
the gauge group identi�cation; GGS-Note draws on its a4 vertical variation, on the horizontal�
vertical decoupling Lemma 1, and on the UV-hierarchy comparison G−1

N ∼ ℓ−2
sp vs. g−2

YM ∼
log(Λ/µ). Q13 supplies the coupled Einstein�Yang�Mills system, the a6 cross-coupling, the
Eddington�Born�Infeld joint completion (conditional on [H-ext]), and the structural hierarchy
GNg2YM ≪ 1. The note isolates the upstream inputs consumed (Note 4 for SΠ[g] and the a2
sector; Note 3 for GΠ and the principal bundle; Note 2 for the e�ective Lorentzian base manifold;
BornInfeld for the saturation bound cχ and the conditionality [H-ext]) and records the three open
deliverables: a6 phenomenological normalisation, analytical derivation of [H-ext] from A1�A4, and
the coupled equations with fermionic matter currents from Q14 (Note 6). Per O31 Prop. 4.23,
[H-color]pointwise is proved on the standard graph at �nite q, making GΠ = SU(3)× SU(2)×U(1)
an unconditional input to the strati�cation chain; the a4 Yang�Mills derivation of Q12 therefore
holds unconditionally for the full Standard Model gauge group.

Q14 [79]: Fermionic matter and chirality (structural, conditional on Q13, the Gravity pa-
per, and the BI paper; colour sector unconditional at the pointwise level ([H-color]pointwise proved
in [89])). Q14 extends the gauge�gravity synthesis to the fermionic sector. Fermions are not
postulated as external �elds: they arise as the spinorial face of the Weil module Vρ already
forced by non-injective admissibility, once its metaplectic Lie-algebraic structure is complexi�ed
by the Lorentzian metric. Three structural results are proved. (i) The admissible Weil module
induces, through its metaplectic lift and the complexi�cation mp(2,R)C ≃ sl2(C), an admissible
spinor bundle SΠ whose symmetric and determinant tensor sectors reproduce the SU(2)L×U(1)Y
electroweak bundle structure (structural). (ii) The projected Dirac operator DΠ,g,A contains a
canonical zero-order endomorphism EΠ (the internal spectral residue of non-injective projection)
which, via the spinorial lift of BI parity (proved in Q14 as the antilinear JΠ = HK), is left-
admissible and enforces the V−A chiral structure; the γ5-weighted a4 Seeley�DeWitt coe�cient
then imposes anomaly-cancellation trace constraints on the hypercharge weights, making hyper-
charge a spectral coherence datum rather than a free parameter (structural). (iii) The saturation
invariant σc(n3) = 3 admits a spinorial multiplicity reading, distinct from its geometric reading as
three spatial directions, yielding a gauge-singlet three-generation factor C3

gen ⊂ ker(adSU(2)⊕Y )
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(structural). The colour-coupled quark sector follows by tensoring with Vcolor, unconditional
at the pointwise level ([H-color]pointwise proved in [89]). Beyond these three theorems, Q14 �6
establishes a qualitative mechanism for the inter-generation splitting (a diagnostic model, not a
fourth theorem). Identifying the rank-three admissible sector with Sym2(V ) in the End reading of
O29 [55] and O30 [76], a static JΠ-real, weight-preserving restriction of E2

Π has a degenerate outer
pair (static obstruction), while the oriented cascade generator ∂τ of Q11 [90] carries a non-zero
J3 projection that lifts it. The qualitative mechanism is thereby �xed; its amplitude is deferred
to the cascade normalisation, and generation mixing requires the complex metaplectic phase.

Q14 is the principal constituent of the fermionic matter sub-programme, whose synthesis paper
is the presentation note FM-Note [61] (Presentation Note 6). FM-Note organises Theorems A�C
into the chain Π ⇒ Fn ≃ Vρ ⇒ Mp(2,R) ⇒ mp(2,R)C ≃ sl2(C) ⇝ Spin(3, 1) ≃ SL(2,C) ⇒ SΠ,
isolates the four upstream layers consumed (Notes 1, 5 for the Weil �bre; Note 2 for the Lorentzian
closure; Note 3 for the gauge bundle; Q13 [80] for the gauge�gravity synthesis), and records the
two open deliverables of the sub-programme: explicit construction of EΠ as a spectral operator,
and the full Lorentzian-signature matter content Smatter

Π = (SΠ⊕(SΠ⊗Vcolor))⊗C3
gen with explicit

Yukawa structure. The qualitative mechanism of the generation splitting is now �xed (Q14 �6);
its amplitude, via the cascade normalisation, is the remaining quantitative step. With PRS [94]
the former operator residual of this step � the Schur transversality on which the A4 matching was
conditional � is closed in the present Lorentzian spin stratum: the exact metaplectic opening
gives α(t, s) = ts r/ sinh r ̸≡ 0 with µ(t, s) ≡ 0, and the timelike Cli�ord symbol excludes the
zero-mode locus, so the Schur-transverse branch is selected and the electric genus gives µ2

χ < 0,
u ̸= 0 [91]. The A4 companion then extends the radicand to quartic order and reduces the
amplitude to the sign of the cubic backreaction Pχ ·Rχ and a boundary-versus-interior selection of
the Born�Infeld saturation problem, so the active frontier of the sub-programme is the amplitude
|u|, and beyond it the Yukawa sector.

PRS [94]: The projective residue as a Schur complement (structural). Companion note of
the fermionic matter sub-programme re�ning the Q14 �6 open deliverable on the inter-generation
splitting. Exhibits EΠ = −ΠS D (1−P )DΠ∗

S = −M †M as the Schur complement of the spinorial
directions eliminated by the non-injective projection (negative semi-de�nite, zero-order, vanishing
in the injective limit), localises the split coe�cient u in the D±-transported, generation-projected
component of the antiunitary chiral equivariance defect ∆χ(P ) = πLL − τ πRR τ−1, and strati�es
the result on the Cosmochrony axioms: A1�A3 force u = 0 (chirally symmetric minimal non-
injectivity); a non-zero u requires chiral symmetry-breaking carried by the projection-locking
axiom A4. Establishes the �nite/Lorentzian separation theorem (ufin = 0 for q an odd prime),
locks the Seeley�DeWitt conventions so that the operator-level and spectral-level u coincide on
the �at e�ective metric, and provides a no-go result: chirality is Lorentzian, not a �nite-�bre
label. Closes the A4 Schur transversality in the present Lorentzian spin stratum: the projected
commutator [∂sP |0, JΠ]

∣∣
span(e+,e−)

has the exact metaplectic opening α(t, s) = ts r/ sinh r ̸≡ 0,

µ(t, s) ≡ 0, and its timelike Cli�ord symbol is not in the zero-mode locus, so the Schur-transverse
branch is selected and, with the electric genus of [91], u ̸= 0. The remaining open data are the
explicit Lorentzian block 1− P (s), the amplitude |u|, and the projected Yukawa sector.

AAR [85]: Reduction of the angular amplitude observable (structural, working note). Fixes,
before any Weil�BFS computation, the precise observable whose measurement tests the absolute
normalisation of the Q14 �6 angular generation split. A short Baker�Campbell�Hausdor� re-
duction identi�es the per-step JΠ-odd J3 component of the metaplectic cascade generator with
the oriented symplectic area swept per step � the central Carnot-degree-2 increment of Heis3
� not a free shear parameter. The quantity to be measured is the accumulated oriented J3-
odd area along the Weil�BFS cascade, normalised by the projected capacity Î(n); at nobs

3 this
equals εWeil(n

obs
3 ), to be compared with the dictionary value ε = 1/10 without �tting. In the O12

�ngerprint the two sectors are the two terms of the exponent: frequency Bc carries the radial
capacity σc, central phase Ac carries the angular split. A direct evaluation on symmetric BFS
shells returns Θraw = 0 identically; the orientation prescription is an irreducible input prior to NA.
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A subsequent capacity audit on the real Weil�BFS pipeline closes the angular onset coe�cient:
the directed outgoing-frontier mean is a q-independent exact rational sequence (identical across
q ∈ {61, 101, 151, 211, 307}, no �t) with saturation onset exactly 1

3 , hence the maximal-locking an-
gular bound θmax = 2π/(3q) (exact for the standard {±X,±Y } campaign, generator-dependent;
only ε and R = 3

2 are generator-independent). This closes the coe�cient, not the dictionary value:
θmax → 0 with q, so ε = 1/10 still requires the geometric Sym2 normalisation N geom

A = 3q/(20π),
gated by the same ADE datum [88].

Q11OF [93]: The oriented frontier observable (structural, diagnostic). Frontier-transfer
diagnostic note on the recursive existence of the J3-odd cascade signal underlying the Q14 �6
splitting mechanism. The symmetric-capacity obstruction makes the raw shell observable vanish
identically (Θraw = 0): the involution g 7→ g−1 pairs opposite central phases on symmetric BFS
shells, erasing the oriented JΠ-odd component before the radial recursion can act. The honest
replacement is a frontier transfer observable on the directed outgoing edges g → gs, whose central
increment is the Heisenberg cocycle a(g) sb, discrete counterpart of the BCH term 1

2 [X,Y ] and
hence of the dynamical J3. The orientation is the recursive arrow ∂τ = log g from the projection
origin. The �rst test is the existence of an oriented signal ⟨∆Ac⟩∂+Sm

̸= 0; the discriminating
anti-bias control is the symmetrised-frontier cancellation. No normalisation, no dictionary value,
no ε enters: the note tests only whether the recursion produces a non-zero, bias-free oriented
signal.

CHO [77]: Chiral orientation of the directed Heisenberg frontier (structural, conditional).
Companion note resolving the chiral weight σL left deferred by Q11OF. A parity argument closes
the route σL = f(T (e)): edge inversion U(e−1) = U(e)−1 and the residual re�ection both send
the JΠ-odd cascade generator T (e) 7→ −T (e), so every function of T has equal arrow- and φ-
parity, whereas the admissible weight must be arrow-even and φ-odd (proved). The resolution is
that σL is the Weyl representation type 2 versus 2̄: group inversion preserves the representation
and complex conjugation exchanges it, the unique label distinguished by the conjugation that
separates φ from arrow inversion (structural). In the inherited Heisenberg central-phase lift the
edge phase is the linear cyclotomic character ζ∆Ac

q , with no Gauss, Maslov, or
√
5 component, and

the natural branch gives σL = sign∆Ac on the cocycle support, hence ρχ = 1 and NA = θmax ̸= 0,
q-invariant on q ∈ {61, 101, 151} (proved within that convention). Thus [H-orient] is closed in
the inherited central-phase lift; the residual point � a possible additional spin-Galois phase of
the full Lorentzian chiral lift, in particular a

√
5 or ADE-spin factor orthogonal to ζq � is now

discharged by the chiral-lift corollary of AOG-Note [88]: the same arithmetic orthogonality shows
the Lorentzian lift induces no action on Q(

√
5), so [H-orient] holds unconditionally within the

present spin stratum (proved). It �xes the frontier amplitude datum NA ̸= 0 but does not derive
u ̸= 0, which still requires the Schur transport [94].

A4-Note [91]: The Born�Infeld saturation margin of the chiral modulus (structural). Com-
panion note to PRS discharging its �rst open deliverable: de�nition of the Lorentzian saturation
functional Bsat(s) along the JΠ-odd modulus controlling u. An antisymmetry lemma shows that
the generation modulus is JΠ-odd while the symmetric square M = FχFχ is JΠ-even from birth,
so the primary modulus variable must be an antisymmetric chiral two-form Fχ,µν(s). Bsat(s)
is then de�ned as the Born�Infeld determinantal saturation margin of this two-form, with sign
locked by the admissibility role of Bsat (axiom A4 selects saturated minima), not by Maxwell
weak-�eld matching � this neutralises the convention sign-trap on the split sign. The second
variation reduces to µχ := ∂2

sBsat(0) = 1
2Pχ,µνP

µν
χ , so the existence and stability of the split

are governed entirely by the Lorentzian genus of the chiral polarisation Pχ in gµν = 2ηµν . The
identi�cation of the Schur projector tilt with the Born�Infeld saturation modulus on the A4 locus
rests on a Schur transversality now closed in PRS [94] (exact metaplectic opening, timelike Clif-
ford symbol o� the zero-mode locus), which selects the Schur-transverse branch; the Lorentzian
genus is then determined electric (µ2

χ < 0, u ̸= 0). Extending the radicand to quartic order, the
Born�Infeld pseudoscalar cancels on the electric locus and the amplitude reduces to the sign of
the cubic backreaction Pχ ·Rχ and a boundary-versus-interior selection of the saturation problem,
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leaving |u| as the open deliverable. In the a�ne electric gauge the boundary-branch saturation
contact is now �xed in closed form, s∗ = β/|EP |, a radial-form result with no numerical prediction:
the Pχ-parallel cubic response is pure reparametrisation gauge, and only the open Pχ-transverse
curvature (sourced by the metaplectic phase) shifts it.

PYL [81]: Projected Yukawa line and generation-level assignment (structural). Companion
note opening the mass-sector frontier and closing only its �rst stage. The determinant line LY =
∧2(SΠ) is the unique functorial line of the rank-two admissible spinor carrier, invisible to the
SU(2)L adjoint sector Sym2(SΠ) (its induced action is det = 1) and the carrier of the abelian
U(1)Y weight, so the projected Yukawa sector is the determinant-line sector of the admissible
spinor functorial closure, not an external bundle datum. On the gauge-singlet triplet the squared
residue E2

Π|C3
gen

= diag(1, 12 + u, 12 − u) orders the three generation levels by exit de�cit, with e0

lightest and e− heaviest for u > 0. The method lock is explicit: LY �xes the coupling line, E2
Π

�xes the levels, and the mass comes after. The open downstream object is the projected Yukawa
operator YΠ : SL,Π ⊗LY → SR,Π, whose norm, the sign of u, and the complex mixing phase carry
the absolute masses and the mixing; no mass value is claimed.

PYO [82]: Projected Yukawa operator and chiral polar factor (structural). Companion note
taking the second step of the mass-sector frontier, with a sharp partial no-go at its entry. The
Schur-residue sector determines the positive hermitian square HΠ := Y †

ΠYΠ, with Spec(HΠ)|C3
gen

=

λ2
Y {1, 12 + u, 12 − u}, so E2

Π|C3
gen

�xes the squared Yukawa levels, not the morphism. By polar

decomposition YΠ = UΠH
1/2
Π with UΠ a unitary chiral map on the support ofHΠ, soHΠ determines

YΠ only up to UΠ: the chiral orientation and the complex mixing phase live in UΠ, while the
positive norm λY is a separate scale of HΠ, neither visible to E2

Π. The CP-real branch UΠ = 1
is the diagonal no-mixing choice (v = 0); a non-trivial UΠ needs the complex metaplectic phase.
Front 3b is thereby closed as a squared-Yukawa-levels result, not a mixing result: E2

Π can close

HΠ = Y †
ΠYΠ but cannot close YΠ unless UΠ is �xed. Front 3c then characterises UΠ as a rephasing

class, the double quotient [UΠ] ∈ U(1)3R\U(3)/U(1)3L, with invariants the moduli |(UΠ)ij | and a
Jarlskog phase (three mixing angles, one CP phase); its non-triviality [UΠ] ̸= [I] is controlled by
the transverse (o�-diagonal) component of the metaplectic generator. On the derived real cascade
that transverse component is absent (v = 0), so [UΠ] = [I] and no physical mixing is produced at
this stratum; a non-trivial class needs a genuine complex metaplectic phase, not derived here and
observable only relative to a second fermionic sector.

AOG-Note [88]: Spin-stratum type-rigidity � orthogonality of the ADE gate and closure of
the chiral lift (proved for the gate and the chiral lift; the full-tower generalisation is established
for admissible �bre operations). Transversal note isolating the logical status of the generation-split
value ε = 1/10. It is shown to be a theorem modulo the ADE case-selection gate: the algebra
1/2+ε
1/2−ε = 3

2 ⇒ ε = 1/10 is trivial and case-independent (proved), so the �rst-principles status
of ε is exactly that of the gate. The obstruction to the gate is characterised as an arithmetic
orthogonality: in the compositum Q(ζq,

√
5) the Born�Infeld parity c 7→ q − c is complex con-

jugation (ζq 7→ ζ−1
q ,

√
5 7→

√
5), lying in a di�erent direct factor of the Galois group from the

Galois-spin action (ζq 7→ ζq,
√
5 7→ −

√
5) that selection of the

√
5-locus would require (proved).

The same fact places the order-�ve versus order-ten alternative below projective parity resolu-
tion. The negative theorem � that A1�A4, ENI Corollary 6 [34] and the A4 locking do not
supply the Galois-spin action � is proved as a no-go for the gate, unconditional in the present
corpus construction by a character-table audit of 2I. The full-tower generalisation is no longer
an open dependency lock but a scope hypothesis: a realisation audit shows the Galois exchange√
5 7→ −

√
5 does not preserve the binary-icosahedral carrier � it maps 2I onto its opposite-

chirality copy, exchanging the two two-dimensional types � whereas the Born�Infeld parity (the
entrywise complex conjugation) preserves the carrier and �xes

√
5. Hence every carrier-preserving

admissible �bre operation is vertical, and a �nite recursive tower preserves the binary-icosahedral
arithmetic type (proved for admissible �bre operations, in the sense of A1�A4 and Born�Infeld
parity; this is a scope hypothesis, not an absolute impossibility of any external equivalence of

16



character tables). The same spin-stratum type-rigidity has a second consequence of opposite sign
(the chiral-lift corollary): the Lorentzian chiral lift of the ordered cascade step induces no action
on Q(

√
5) � the chiral weight σL is the Weyl-conjugation type, living in the parity factor and not

the
√
5 factor � so it discharges the residual obstruction of the chiral orientation note and closes

[H-orient] with NA ̸= 0 unconditionally within the present spin stratum [77] (proved). For the
gate the rigidity is fatal, the required

√
5 action being absent; for the chiral lift it is the closure,

the feared
√
5 action being absent. A status sharpening records the concrete generator-set form of

the gate. Once the order-�ve
√
5-locus is selected, R = 3/2 is not a �t but a forced Cayley-spectral

invariant of 2I, the outer de�cits being {|λ1 − 1|, |λ3 − 1|} = {1
6 ,

1
4} with central level λ2 = 1; the

neutral order-four half-turn class � the programme's default admissibility convention � instead
gives {1

5 ,
1
3}, hence R = 5

3 and ε = 1
8 , not

1
10 . The residual lock is therefore the order-�ve-versus-

order-four selection (proved for the forced ratio, open for the selection); the tempting fermionic
shortcut does not supply it, the spinorial grading read by the chiral lift being common to both
two-dimensional irreducibles and inducing no action on Q(

√
5).

5.2 Gravity and Spacetime Track

Spectral2 [48]: Derives operational metric distances from graph Laplacians on a relational sub-
strate without any background manifold (structural).

Gravity [25]: Derives Gµν = 8πGNT
(Π)
µν from the metric variation of SΠ[g] =

1
2 log det

′Ag, via
heat-kernel and zeta regularisation (proved at leading IR order). Establishes that the UV comple-

tion is uniquely determined to be of determinantal Born�Infeld form
√
−det(gµν + ℓ2spRµν)−

√
−g,

with Einstein gravity as the universal two-derivative IR sector (proved).
Thermodynamics [28]: Develops a local thermodynamic interpretation. The diagonal heat

kernel yields a local multiplier �eld β(x)−1 = β−1
0 − 1

6R(x)+O(∇2R), and a spectral �rst law δSΠ =∫
β(x)−1 δEΠ(x) recasts the Einstein equation as a spectral equilibrium condition (structural;

Lorentzian extension and matter coupling: open).
Lorentz [13]: Lorentzian completion of the spectral action. Causal propagation and grav-

itational wave propagation follow from the hyperbolic continuation (proved for the Lorentzian
extension; GW spectrum: structural). The sourced vector sector yields the gravitomagnetic

constraint ∇2h̄0i ∝ T
(Π)
0i , �xing the frame-dragging potential g0i as in linearized general relativity

once a projected momentum density T
(Π)
0i is supplied (structural, conditional); the �rst-principles

construction of T
(Π)
0i from moving projected matter con�gurations remains open, awaiting the

fermionic and coupled-matter sector.

5.3 Lorentz Capacity Sub-Programme

The Lorentz-capacity (LC) sub-programme isolates a single structural question: where does the
Lorentz factor γ originate, given that the Lorentzian metric is itself an e�ective object recon-
structed from admissible non-injective projection? The answer is that γ is not a kinematic pos-
tulate but the temporal residual of a bounded Born�Infeld capacity budget, lifted to special-
relativistic observer transformations through the Q5b�Q11 e�ective co-metric gµν = 2ηµν . A
guiding distinction runs throughout: the Born�Infeld capacity sphere (F τ )2 + β2 = 1 supplies
the load β and the clock factor 1/γ, while the Lorentz group acts as the isometry group of the
e�ective metric, not of the capacity sphere. The completed chain is

BI budget → F τ = 1/γ → gµν = 2ηµν → Λ(β) → R(x)2 = 1− ϵ(x) → �nite-q domain.

The synthesis paper LC-Synthesis [64] gathers the six constituent papers below into this single
account; their individual contributions follow.

LorentzCapacity [54]: Derives the Lorentz factor and relativistic mobility βγ from the O7
saturation parameter ηO7

n under the Born�Infeld admissibility budget. The analytic factorization
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(central coordinate c contributes only a global phase) shows the total O7 residual satis�es a linear
�lling law and does not by itself yield the Lorentz factor. The conditional mechanism via the
temporally projected residual Στ

n := PQ5b
τ Σtot

n and a quadratic normalization gives ητn → βγ and
Φ(ητn) → 1/γ (proved for the algebraic BI target and the factorization; PQ5b

τ construction: closed
by TempProj [59]).

TempProj [59]: Closes the open construction of PQ5b
τ from LorentzCapacity. Constructs the

temporal residual map as the unique positive function compatible with the Lorentzian splitting of
the Q5b completed co-metric gµν = 2ηµν , the Born�Infeld unit capacity-�ow sphere, and the exact
Weil �lling law Σtot

n = 1−Bn. The explicit formula PQ5b
τ Σtot

n =
√

1−B2
n follows from a �bre-by-

�bre uniqueness argument; Lemma 1 and Theorem 1 of LorentzCapacity become unconditional
(proved conditional on [U]; three-input necessity: proved).

LCII [20]: Extends TempProj to the non-homogeneous �brewise regime. A localised spectral
occupancy ϵ(x) reduces the local BI capacity radius to R(x)2 = 1 − ϵ(x); the �brewise map

factorises as PQ5b
τ,x Σtot(x, n) = R(x)

√
f(x, n)(2− f(x, n)). Gravitational time dilation is identi�ed

as dτ/dn|x = R(x)/γ, with R(x)2 = −2gττ (x) linking the local capacity budget to the metric.
The paper establishes a uni�ed capacity arbitration picture: special-relativistic time dilation (1/γ)
and gravitational time dilation (R(x)) are two independent manifestations of the same BI capacity
trade-o�, separated in the product R(x)/γ (structural; open problem LC-O2-O1 closed by [27]).

LCIIo1 [27]: Closes the capacity�metric bridge of LCII spectrally, without importing the
Einstein equation. De�ning the local occupancy as a quadratic norm on the rank-three sector
Sym2(Vρ), the SU(2)-equivariance of the admissibility weight (Schur's lemma) forces the local
temporal coe�cient of Leff to satisfy Aτ (x) = 2

(
1−ϵ(x)

)
. The principal-symbol identi�cation [16,

90], applied locally with the �at-space normalisation A∞
τ = 2, gττ,∞ = −1

2 , yields gττ (x) =
−Aτ (x)/4, hence R(x)2 = 1− ϵ(x) = −2gττ (x). The open bridge of Remark 3.2 of [20] becomes
a theorem; the chain ϵ(x) 7→ Aτ (x) 7→ gττ (x) is closed spectrally (proved).

LCo1 [29]: Closes LC-O1, the reconstruction of e�ective Lorentz transformations between
inertial observers from projective temporal ordering data. Given a projective temporal capacity
load β from LorCap/TempProj, the unique proper orthochronous transformation between the
corresponding inertial splittings of the e�ective co-metric gµν = 2ηµν is the standard Lorentz
boost; length contraction ℓ = ℓ0/γ follows as a corollary (proved).

LCo3 [21]: Closes LC-O3, the �nite-q correction problem near the saturation boundary. Set-
ting R := (q − 1)/2 and n = R +m, the parabolic Carnot formula deviates from the exact torus
capacity by ∆q(n) = 4m2/q2; the quadratic identity B2

n + (F τ
n )

2 = 1 receives no correction, while
the Carnot identi�cation holds for n ≤ R and asymptotically asm/q → 0 (proved). With LC-O1,
LC-O2-O1, and LC-O3 now closed, the Lorentz-capacity sub-programme is complete.

5.4 Standard Model Companion Papers

The papers Foundation, TopologicalInvariants, SMchargemass, O23, O27�O32, Q6a, Q7, and Q12
form (in their gauge-group identi�cation aspect) the gauge structure sub-programme, whose syn-
thesis paper is the presentation noteGS-Note [63]. It identi�es the admissible internal symmetry
group GΠ = SU(3)× SU(2)× U(1) as a forced output of the admissibility structure of Π, organ-
ising the U(1) phase-�bre sector (Hopf �bration), the SU(2) quaternionic sector (O27 rigidity),
and the SU(3) colour-triplet sector (O31�O32 co-admissibility). The note covers gauge group
identi�cation only; the derivation of Yang�Mills dynamics belongs to the gauge�gravity spectral
strati�cation sub-programme.

BornInfeld [12]: BI action as the unique minimal local representation consistent with a
universal bound on admissible relational gradients (proved).

TopologicalInvariants [70]: Charge quantisation (π1(S
1) ∼= Z) and absence of magnetic

monopoles from the Hopf �bration S1 ↪→ S3 → S2 of the projection �bre (proved; π2(Ceff) = 0
beyond the canonical model: open, Remark 4.2).
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SMchargemass [14]: Mass and electric charge as BI-saturated responses (structural; baryon-
to-photon ratio η: open).

Bell [10]: Bell-inequality violations from non-injectivity alone, without nonlocality or addi-
tional hidden variables (proved).

The Bell paper opens the entanglement sub-programme, whose presentation paper is ENT-
Note [49] (v1.1). The note locates entanglement inside the spectral admissibility cascade: for a
closed conjugate Weil pair {c, q − c}, the reduced entropy on the residual �bre-level support of
the Gram�Schmidt span is exactly Sent(n) = log rpair(n), the logarithm of the residual Gram�
Schmidt rank, with no surviving spectral weighting. Structural monotonicity of Sent along the
cascade follows from the Gram�Schmidt construction alone. v1.1 integrates the analytical results
of ENT-E1 (Weil �ngerprint orthogonality theorem) and ENT-E2 (separation of the admissible
pair entropy Sadm

ent = log 2 from the full residual-rank entropy), upgrading several previously
numerical hypotheses to theorems and recording the residual epistemic strati�cation. The note
thus reduces entanglement to a pure O-series observable and connects the projected mass hierarchy
� tracked by the pair-capacity exponent δpair � to a downstream trace of the stabilization pro�le.

ENT-E1 [74]: closes the open analytic strengthening of ENT-Note by explicit computation.
The k=3 Weil �ngerprint of Heis3(Z/qZ) for any block (c1, c2, c3) factors as a global phase times
a single discrete Fourier mode at frequency A = c1b1 + c2b2 + c3b3 mod q. Since distinct Fourier
modes are orthogonal, every newly admitted �ngerprint is already orthogonal to the current span,
so the admission residual wj = 1 is an exact algebraic identity � not a numerical accident.
For matched single-character blocks the conjugate pair samples sign-re�ected frequencies and
the closure hypothesis of ENT-Note becomes a theorem; the �at Schmidt spectrum Sent(n) =
log rpair(n) is then derived analytically (proved; literal Schmidt pairing for independently sampled
canonical O25 blocks: open).

ENT-E2 [71]: separates two genuinely distinct entanglement entropies that ENT-Note and
ENT-E1 establish on two di�erent projections of the conjugate Weil pair. The admissible pair

entropy lives on the rank-3 admissible projection Πq: spectral atomicity [87] �xes ran(Π
(c)
q ) =

span{e0, eξc , eq−ξc} and the mean-zero lemma removes the constant mode, leaving the two-dimensional
Born�Infeld parity pair {eξc , eq−ξc} identi�ed with the spin-12 representation; the singlet identi�-
cation of Q3 [98] then gives Sadm

ent = log 2 for general canonical blocks. This is the entropy of the
state behind the singlet correlator and the unconditional Tsirelson bound [22]. The full residual-
rank entropy Sent(n) = log rpair(n) lives on the full Gram�Schmidt basis (rank q at saturation, not
rank 3) and is a pipeline-level contraction observable, unconditional for matched blocks (ENT-E1)
and otherwise conditional on the residual admissibility indiscernibility hypothesis [Hres]; the meta-
plectic dilation of O30 [76] is excluded as a bridge for [Hres] (proved; [Hres] for general canonical
blocks: open).

SchwingerLamb [24]: Fine-structure constant α as a projective invariant; Lamb shift and
Schwinger correction rederived in the pre-geometric framework (structural; quantitative radiative
corrections: heuristic).

5.5 Cosmological and Condensed-Matter Applications

Cosmology [2]: Flat galaxy rotation curves and the Hubble tension from a common e�ective
mechanism; no dark matter or modi�ed gravity (structural; quantitative �t: heuristic).

Superconductivity [3]: Projective phase locking as the structural origin of superconducting
coherence across BCS, cuprate, and nickelate systems (structural).

6 Dependency Structure

Figure 1 presents the logical dependency DAG. Three entry paths emerge for external readers.
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Foundational path. ENI → Foundation → HeisenbergStructure → noscale. Requires least
prior knowledge; establishes the axiomatic core.

Spectral path. BornInfeld → SpAdm → SpRel → O1 → · · · → O24 → O25 → O28 → O29.
Develops the spectral machinery and the transfer chain.

Physical path. Foundation + O18 + O22 + O23 → Q1 → Q2 → Q3; Q2 → Q5a → Q5b →
Q6a + Q6b; O23 + O28 + O29 + Q5b → Q7 (dimensional bridge); parallel: Spectral2 → Gravity
→ Thermodynamics → Lorentz; Q5b + Q11 + PTO + BI → LorCap → TempProj → LCII →
LCIIo1; LCo1, LCo3.
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WP ENI Found HeisStr noscale

BornInfeld SpAdm SpCap SpGram 3Gen

SpRel

O1 O3 O4 O5 O7 O8

O9 O12 O13 O15
O10�O11

O16 O17 O18 O19 O22 O23 O24
O20�O21

O25 O26 O27 O28

O29

O30 λ1/λ2 = 2

O31 SU(3) [H-color]

O32 q=61, 151, 211, 307 all pass

PTO

LorCap

TempProj

LCII

LCIIo1LCo1 LCo3

LC-Synth

SpAdm-Note

NIF-Note

Q1

Q2 Q3 general-j complete

QS-Note

Q5a Q5a-O2

Q5b

Q6a

Q6b

Q7

Q8�Q10
U1, W1

H2 [H2] proved

EG-Note

[H-E1], [C]
proved

Spec2

Gravity

Thermo

Lorentz TopInv SMcm Bell SchLamb Cosmol Supra

ENT-Note E1 Weil ortho.

E2 two entropies

Q12 YM from a4

Q13 EYM + hierarchy GGS-Note

Q14 Fermions + chirality

PRS Schur form of EΠAARangular obs.

Q11OForiented frontier

CHO[H-orient] inherited

A4-Note BI saturation marginAOG-Note ADE gate status

chiral-lift cor.

FM-Note

Figure 1: Logical dependency DAG of the Cosmochrony programme. Colour coding: ■ proved,
■ structural, ■ heuristic, ■ open. Thick arrows indicate the main logical spine; thin arrows
indicate supporting dependencies. Dashed arrows with labels abbreviate linear sub-chains. The
faint converging edges gather the constituent papers of each thematic sub-programme into its
synthesis node: the Branch I foundational papers (ENI, Foundation, HeisStr, noscale) into NIF-
Note, the spectral admissibility papers into SpAdm-Note, the Lorentz-capacity papers into
LC-Synth, the geometric emergence papers into EG-Note, Q1/Q2/Q3 and the Bell paper into
the quantum-structure QS-Note, Q12 and Q13 into the gauge�gravity strati�cation GGS-Note,
and Q14 with the companion notes PRS, AAR, Q11OF, CHO, A4-Note and AOG-Note into the
fermionic-matter FM-Note. The dashed green arrow from Q7 leads to the geometric emergence
closure block Q8�Q10 and U1, detailed in Figure 2. The interactive version with clickable nodes
is provided as a companion HTML �le.
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Table 1 lists all papers in the programme. TheKey column gives the cosmochrony-bibliography
citation key.

Label Short title Key Main contribution Status

WP White Paper [15] Programme overview; substrate χ; it-
erated projection; BI constraint; relax-
ation cascade

structural

ENI Emergence & non-
injectivity

[34] No-go: genuine emergence ⇔ Π non-
injective; projection entropy SΠ

proved

Found Foundation [6] Axioms A1�A4; derives Heis3(Z/qZ)
and Vρ as theorems (Thm 5.6); v1.10:
co-metric gµν = diag(−2, 2, 2, 2) noted;
relation to HJ, symplectic, WKB, FRG
formalisms

proved

HeisStr Heisenberg struc-
ture

[33] Detailed proof of Found. Thm 5.6; un-
certainty principle from A3 alone

proved

noscale No external scale [32] No independent dimensional parameter
beyond cχ

proved

BornInfeld Born�Infeld geome-
try

[12] BI action as unique minimal bounded-
�ux representation

proved

SpAdm Spectral admissibil-
ity (Q8)

[52] Amax
n = cχ/

√
λn; �rst tractable in-

stance
proved

SpCap Spectral capacity [53] Capacity functional C(G,S); binary-
polyhedral maximality proved via ad-
joint identity Âadj = 2M − I and icosa-
hedral isotropy

proved

SpGram Gram rigidity
(v1.0.1)

[37] Neutral-generator geometry from
Gst = −1

2χρ(st)
proved

3Gen Three generations [68] Three-generation structure from ADE
stratigraphic levels

structural

SpRel Spectral relaxation [8] Λproj ≍ λ2 for LPS expander families proved

O1 Variable-valence
graphs

[43] LPS saturation is a �xed-valence arte-
fact; growing valence restores window

proved

O3 Mass hierarchy [41] First SM connection: β∗ ∈ (0.09, 0.13)
from lepton mass ratios

structural

O4 Upper bound β ≤ 1 [57] BI �ux + Cheeger ⇒ β ≤ 1 proved

O5 Rep-theoretic ob-
struction

[5] Fixed-repr. approaches cannot close the
β gap

proved

O6 Matrix redundancy [30] Matrix-level con�nement of cascade ex-
ponent

proved

O7 Continuum target [39] Target: δ ∈ [7.4, 10.6] on 3-step �nger-
prints

structural

O8 LPS geometric ob-
struction

[1] Exponential shell growth⇒ usable win-
dow = O(log q) BFS steps

proved

O9 Heisenberg graphs [40] Structural transition: Heis3(Z/qZ)
with |Bn| ∼ n4 replaces LPS

proved

continued. . .
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O10 Large-q computa-
tion

[38] Con�rms n4 growth; TensorSketch ob-
struction identi�ed

proved

O11 Fourier-character
proxy

[73] Bidimensional proxy overcomes Ten-
sorSketch obstruction

structural

O12 Exact Weil blocks [17] δ̂exact ≈ 4.3�4.8 for q ≤ 211; �nal ob-
struction resolved

proved

O13 Extended prime
range

[9] δ̂(q) : 4.80 → 3.59; �nite-size hypothe-
sis refuted

proved

O14 Observable-class
correction

[36] Corrects δ 7→ β∗ via block normalisa-
tion

structural

O15 Block-level no-go [35] No reweighting of individual blocks
reaches δ ∈ [7.4, 10.6] (Cor. 4.8)

proved

O16 Pair observable [18] σpair = σcσq−c; exponent doubling
δpair ≈ 7.44

structural

O17 Structural deriva-
tion of pair

[19] ρq−c = ρ̄c forced by �bre admissibility:
pair is derived, not postulated

proved

O18 BI parity involution [31] Minimal �bre condition {χ,−χ}; BI
parity is the unique global symmetry
of SBI

proved

O19 Canonical normali-
sation

[4] r(c, q) does not a�ect δpair; observable
pipeline-independent

proved

O20 Persistence criterion [42] Dynamical selection of admissible
modes via projective persistence

structural

O21 Shell saturation [51] Observable rank nobs
3 via Σc(n3) = 3;

transfer δpair → β∗
structural

O22 Projection locking [50] BI projection locking forces nobs
3 onto a

BFS shell (Thm 3.2)
proved

O23 Quaternionic mini-
mality

[69] Σc(n3) = 3 from quaternionic maximal-
ity of neutral generators

proved

O24 Observable rank
rigidity

[72] Verticality Lemma; unconditional
transfer cχ → δpair → β∗ ≈ 0.126
(Cor. 4.2)

proved

O25 Numerical campaign [58] δ̄pair ∈ {8.89, 9.98, 9.55, 9.13, 8.78} for
q ∈ {29, 61, 101, 151, 211}; inter-pair
σq : 0.54 → 0.11; δcorr ∈ [7.7, 9.0] ⊂
[7.4, 10.6]

structural

O26 Quadratic comple-
tion

[45] Dictionary: Weil blocks ↔ rank-1 ma-
trices inM2(C); connects Heis3 to 2I ⊂
SU(2)

structural

O27 Quaternionic rigid-
ity

[47] Every admissible Φq,ρ satisfying three
structural constraints factors through
su(2)

proved

O28 Window calibration
& reff

[7] n1(q)/q decreasing (Scenario S2);
δcorr ∈ [7.4, 10.6] con�rmed; reff = 3
in End(Heff), eigenstructure [1 : 1

2 : 1
2 ]

invariant across all pairs and
q ∈ {61, 101, 151}

structural

continued. . .
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O29 Symmetric rank for-
mula & sector ID

[55] BI parity forces Mj ∈ Sym(Vρ,C);
reff = dρ(dρ + 1)/2; unique inversion
at reff = 3 gives dρ = 2 (spin-12);
con�rmed for q ∈ {61, 101, 151, 211};
q = 101 anomaly resolved by multi-
sample analysis

structural

O30 Eigenvalue ratio
λ1/λ2

[76] BI parity forces equatorial con-
straint |αj | = |βj |; phase-
independent central component
gives Cc = ⟨r4⟩ diag(1/4, 1/2, 1/4);
ratio [1 : 1

2 : 1
2 ] derived analytically;

factor of 2 is purely structural (Carnot
degree-2 of Z = [X,Y ])

proved

O31 SU(3) from colour
triplets

[89] Hurwitz obstruction (dρ = 3 can-
not arise from single-�bre argument,
proved); colour triplets exist i� q ≡
1 (mod 3) (proved); metaplectic in-

tertwining proves σc = σωc on S(3)
q

(proved, Thm 4.4); single-frequency
�ngerprint structure (Lem. 4.22) proves
[H-color]pointwise exactly on the stan-
dard graph (Prop. 4.23); SU(3) is
the unique triplet symmetry group
(proved); GSM derived unconditionally

for S(3)
q and Sq

structural

O32 [H-color] numerical
test

[78] [H-color] passes for all q ∈
{61, 151, 211, 307} (R ≤ 3, ctrl_ref
= 1.657 × 10−3; R = 2.1, 0.4, 1.0, 0.7
respectively); Ccolor rank 1 in all cases;
δtri ≈ 3δc sub-percent; [H-color]avg
proved to O(q−1); [H-color]pointwise

proved analytically in O31 (Prop. 4.23)

structural

PTO Temporal ordering [44] I(n) = σpair(0) − σpair(n) is a non-
decreasing temporal proxy; con�rmed
for q ∈ {29, 61, 101, 151, 211}

structural

FibreEraseFibre erasure [83] Monotone I(c;σ(ℓ)) on BFS coarse-
graining axis ℓ via DPI (Thm 4.1, con-
ditional on [H-su�]); [H-su�] proved at
the rank level (Prop. 3.6); capacity-
level numerical evidence for q ∈
{61, 151, 211}; explicitly not a c-
theorem

structural

Q1 Phase coherence [22] Phase coherence from admissibility
(Thm 2.7); singlet correlator and
Tsirelson bound derived

proved

Q2 Beyond spin-12 [46] Spin-32 quantum structure; SU(2) as
admissibility �xed point

proved

continued. . .
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Q3 Universal spin-j sin-
glet

[98] Schur + BI indiscernibility identify
proto-state as singlet |Ωj⟩ for all j ∈
{1
2 , 1,

3
2 , 2,

5
2}; universal correlator and

Born rule derived; closes Q2 open step

proved

Q5a Large-q operator
limit

[26] Mosco convergence Eq → LΠ = −A∂2
x;

conditional on [H2]. v2.0: [H1] es-
tablished on admissible sector (not
needed in full generality); [H-E1] and
[C] proved by Q5a-O2 [87]; [H2] proved
by H2 paper: all hypotheses veri�ed on
the admissible sector

structural

Q5a-O2 Spectral atomicity
& Mosco closure

[87] Admissible sector spectrally atomic:

ran(Π
(c)
q ) = span{e0, eξc , eq−ξc},

ξc/q → ωc ̸= 0. Proves [H-E1'] (scaled
coercivity, β = 1 optimal) and [C]
(Mosco compactness via Bolzano�
Weierstrass in C2, no Nash inequality
needed). Numerical con�rmation
Kq = 1 at machine precision for
q ∈ {29, 61, 101, 151}

proved

Q5b 4D Lorentzian ge-
ometry

[11] BFS strati�cation of Heis3(R) → 4D
Lorentzian spacetime; gµν = 2 ηµν fully
determined (Q9, Q10, Q11 close all
open problems)

proved

Q6a Gauge structure [23] U(1) and SU(2) from �bre �xed points;
SU(3)×SU(2)×U(1) derived (O31 [89],
proved for Sq via [H-color]pointwise)

structural

Q6b E�ective spacetime [16] gµν = diag(−2, 2, 2, 2) from Πq;
Schwarzschild from �ux conservation;
Einstein equations as consistency con-
ditions; closes chain Πq → LΠ →
gµν → Gµν ; [H-lift] closed by Q9

structural

Q7 Dimensional bridge [96] Heff
∼= Sym2(Vρ); [Fc, LWeil] = 0;

bridge non-obstruction (Case 3 ex-
cluded by Q9); Az = Csu(2) = 2;
uniqueness of φ up to scalar

structural

Q8 Casimir rigidity [56] AZ = Csu(2) = 2 unconditionally under
Q5a; λ �xed by horizontal sector consis-
tency; gµν = diag(−Aτ , 2, 2, 2) estab-
lished

structural

Q9 [H-lift] proved [84] Kinetic-sector identi�cation: modu-
lation generator suppressed at rate
O(q−1/2); [H-lift] is a theorem under
Q5a; AH > 0 proved by coercivity, in-
dependently of bridge

proved

continued. . .
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Q10 Asymptotic isotropy [75] AH(q) → 2 with |AH − 2| ≤ C ε(q);
universality [U] ⇒ su(2)-isotropy ⇒
Casimir; bridge conjecture resolved
(isotropic case) under [U]

structural

U1 Universality [U]
proved

[97] ε(q) = O(q−1/2) from Weil-generator
Lipschitz bound and BFS�Carnot�
Carathéodory convergence; no BI input
required for small-θ regime

proved

W1 [H-w] proved [99] aq(s) → A > 0 uniformly in s:
�bre-invariance of admissible observ-
ables (O = ImΠ) is the structural ori-
gin; U1 controls the rate O(q−1/2); af-
ter W1 + Q5a-O2 [87], open Q5a hy-
potheses reduced to [H2] only

proved

H2 [H2] proved [86] Strong convergence X̂q → x,
P̂q → −i∂x on Heis3(Z/qZ): quanti-
tative Poisson aliasing lemma (rate
O(q−1)), discrete Sobolev identity,
quasi-isometry of sinc embedding;
closes last open hypothesis of Q5a
Theorem 7.1

proved

Q11 Temporal Casimir
rigidity

[90] Closes Q5b open problem O3: Schur
rigidity forces Aτ = Csu(2) = 2; e�ec-
tive Lorentzian co-metric fully deter-
mined: gµν = diag(−2, 2, 2, 2) ∝ ηµν

structural

Q12 Yang�Mills from a4 [100] Seeley�DeWitt a4 ⊃ 1
12Tr(F

2); ver-
tical variation δASΠ = 0 yields
DµF

aµν = 0; induced coupling
g−2
YM ∼ log(Λ/µ); gauge�gravity hier-
archy structural (proved for a4 deriva-
tion; conditional on Q6a for GΠ)

structural

Q13 Gauge�gravity spec-
tral synthesis

[80] Joint δg,ASΠ = 0 yields coupled
Einstein�Yang�Mills system; a6 cross-
coupling RµνρσF

µνF ρσ (suppressed by
ℓ2sp); Eddington�Born�Infeld joint com-
pletion; hierarchy ratio GNg2YM ∼
ℓ2sp/(dimV ) · [log(Λ/µ)]−1 without �ne-
tuning

structural

continued. . .
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Q14 Fermionic matter &
chirality

[79] Admissible spinor bundle SΠ repro-
duces SU(2)L × U(1)Y ; projected
Dirac endomorphism EΠ enforces V−A
chirality via the spinorial BI par-
ity lift (proved); γ5-weighted a4
�xes hypercharge by anomaly can-
cellation; σc(n3) = 3 yields three-
generation factor C3

gen; quark colour
sector unconditional at pointwise level
([H-color]pointwise proved)

structural

PRS Schur form of EΠ +
localisation of u

[94] EΠ = −ΠS D (1 − P )DΠ∗
S = −M †M

Schur complement of eliminated sector;
generation split u controlled by D±-
transported antiunitary chiral equivari-
ance defect ∆χ(P ) = πLL − τ πRR τ−1;
A1�A3 force u = 0, non-zero u re-
quires A4 chiral symmetry-breaking; �-
nite/Lorentzian separation: ufin = 0 for
q odd prime; operator u = spectral u
on �at e�ective metric; closes A4 Schur
transversality in the present Lorentzian
spin stratum (exact metaplectic open-
ing α = ts r/ sinh r ̸≡ 0, µ ≡ 0, timelike
Cli�ord symbol o� the zero-mode lo-
cus ⇒ Schur-transverse, electric genus
µ2
χ < 0, u ̸= 0); remaining open: ex-

plicit 1− P (s), amplitude |u|, Yukawa

structural

AAR Angular amplitude
observable

[85] BCH reduction identi�es per-step JΠ-
odd J3 component of metaplectic cas-
cade generator with oriented symplec-
tic area swept per step (Carnot-degree-
2 increment of Heis3); observable is ac-
cumulated oriented J3-odd area along
Weil�BFS cascade normalised by Î(n),
equals εWeil(n

obs
3 ) to be compared with

dictionary ε = 1/10 without �tting;
O12 �ngerprint: Bc carries radial σc,
Ac carries angular split; symmetric
BFS shells give Θraw = 0 identi-
cally; capacity audit closes the onset
exactly 1

3 , θmax = 2π/(3q) (generator-
dependent), still gated for ε = 1/10

structural

continued. . .
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Q11OF Oriented frontier ob-
servable

[93] Symmetric-capacity obstruction makes
raw shell observable vanish identi-
cally (g 7→ g−1 pairs opposite central
phases); frontier transfer observable on
directed outgoing edges g → gs with
central increment Heisenberg cocycle
a(g) sb (discrete BCH 1

2 [X,Y ]); orien-
tation is recursive arrow ∂τ = log g;
�rst test is existence of oriented signal
⟨∆Ac⟩∂+Sm

̸= 0; anti-bias control via
symmetrised-frontier cancellation

structural

A4-Note BI saturation mar-
gin of the chiral
modulus

[91] Discharges PRS open deliverable 1:
de�nes Lorentzian Bsat(s) along JΠ-
odd modulus; antisymmetry lemma
forces antisymmetric chiral two-form
Fχ,µν(s); sign locked by admissibility
role of Bsat (A4 selects saturated min-
ima), not by Maxwell weak-�eld match-
ing; genus reduction µχ = ∂2

sBsat(0) =
1
2Pχ,µνP

µν
χ ; split existence/stability re-

duced to Lorentzian genus of Pχ in
gµν = 2ηµν ; genus determined electric
in the Schur-transverse branch (µ2

χ < 0,
u ̸= 0), amplitude |u| open

structural

EBJ Constrained jet of
1 − P (s) + chiral
generator

[92] Discharges PRS open deliverable 1
structurally: the self-adjoint projector
jet 1 − P (s) = Q0 + sQ1 + s2Q2 +
O(s3) is constrained � Q1 = [A,Q0]
is a purely o�-diagonal Grassmann tan-
gent (Q0Q1Q0 = 0 = (1 − Q0)Q1(1 −
Q0)), Q2 diagonal blocks pinned to Q2

1

with opposite signs; parity propaga-
tion grades E0 even, E1 odd, E2 even,
so u(s) = s ⟨J3, {E0, E1}⟩/⟨J3, J3⟩ +
O(s3), with mixing v ≡ 0 for phase-
free data (a complex metaplectic phase
is needed for v ̸= 0); the chiral gen-
erator is identi�ed, not a new selec-
tor: since JΠ exchanges chiralities,
[ΠJΠ-odd(1 − P )]LL = 1

2∆χ(P ) and

[ΠJΠ-oddQ̇(0)]LL = 1
2∂s∆χ(P )|0; re-

duces the value question to the sin-
gle target, the admissible normalisation
of ∂s∆χ(P )|0; |u| remains dictionary-
bound

structural

continued. . .
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PYL Projected Yukawa
line + generation-
level assignment

[81] Opens the mass-sector frontier, clos-
ing its �rst stage: the determinant line
LY = ∧2(SΠ) is the unique functorial
line of the rank-two carrier, invisible
to the SU(2)L adjoint Sym2(SΠ) (ac-
tion det = 1) and carrier of the abelian
U(1)Y weight, so the projected Yukawa
sector is the determinant-line sector of
the spinor functorial closure, not an ex-
ternal bundle; generation-level assign-
ment from E2

Π|C3
gen

= diag(1, 12 +u, 12 −
u) via exit de�cits (e0 lightest, e− heav-
iest for u > 0); method lock: LY

�xes the coupling line, E2
Π �xes the lev-

els, the mass comes after; open down-
stream: the Yukawa operator YΠ, its
norm, sign(u), and the mixing phase

structural

PYO Projected Yukawa
operator + chiral
polar factor

[82] Second mass-sector step, partial no-go:
the Schur-residue sector �xes the pos-
itive hermitian square HΠ := Y †

ΠYΠ
with Spec(HΠ)|C3

gen
= λ2

Y {1,
1
2 + u, 12 −

u}, so E2
Π �xes the squared Yukawa lev-

els, not the morphism; polar decompo-

sition YΠ = UΠH
1/2
Π leaves the unitary

chiral factor UΠ (chiral orientation +
complex mixing phase) free, with the
norm λY a separate scale ofHΠ, neither
seen by E2

Π; CP-real branch UΠ = 1 is
diagonal no-mixing (v = 0); Front 3b
closed as squared-Yukawa levels, not
mixing; Front 3c: UΠ is a rephasing
class [UΠ] ∈ U(1)3R\U(3)/U(1)3L (mod-
uli + Jarlskog phase, 3 angles + 1
phase), non-trivial i� the metaplectic
generator is transverse; [UΠ] = [I] on
the derived real cascade (v = 0, no mix-
ing)

structural

continued. . .
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AOG-
Note

Spin-stratum type-
rigidity: ADE gate
orthogonality +
chiral-lift closure

[88] ε = 1/10 is a theorem modulo the

ADE case-selection gate: 1/2+ε
1/2−ε = 3

2 ⇒
ε = 1/10 trivial and case-independent
(proved); obstruction characterised as
arithmetic orthogonality in Q(ζq,

√
5):

BI parity is complex conjugation (ζq 7→
ζ−1
q ,

√
5 7→

√
5), in a distinct Ga-

lois factor from the Galois-spin action
(ζq 7→ ζq,

√
5 7→ −

√
5) (proved); order-

�ve vs order-ten below projective parity
resolution; negative theorem a no-go for
the gate, unconditional in the present
construction by a character-table au-
dit of 2I; the full-tower generalisa-
tion established for admissible (carrier-
preserving) �bre operations � the Ga-
lois exchange

√
5 7→ −

√
5 does not pre-

serve the binary-icosahedral carrier, so
a �nite recursive tower preserves the
arithmetic type (a scope hypothesis,
not an absolute impossibility); chiral-
lift corollary: same rigidity discharges
the residual obstruction of CHO, the
Lorentzian lift inducing no

√
5 action,

closing [H-orient] with NA ̸= 0 uncon-
ditionally in the present spin stratum
(proved); concrete form: R = 3/2 a
forced Cayley invariant on the order-
�ve locus ({1

6 ,
1
4}) vs R = 5

3 , ε = 1
8 on

neutral order-four, residue = the order-
�ve selection (proved/open)

proved
/ open

Spec2 Relational space-
time

[48] Operational metric from graph Lapla-
cians; spacetime from spectral correla-
tions

structural

Gravity IR Einstein response
+ BI UV completion

[25] Gµν = 8πGNT
(Π)
µν from δSΠ/δg at lead-

ing IR order; unique BI determinantal
UV completion

proved

Thermo Spectral thermody-
namics

[28] Local spectral �rst law; Einstein equa-
tion as spectral equilibrium condition

structural

Lorentz Gravitational waves [13] Lorentzian completion; causal propaga-
tion; GW spectrum; gravitomagnetic

constraint g0i (conditional on T
(Π)
0i )

proved

LorCap Lorentz factor from
capacity

[54] ητn → βγ; Φ(ητn) → 1/γ; BI factor-
ization and central-phase factorization
(proved); PQ5b

τ construction: closed
by TempProj [59]

structural
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TempProj Temporal residual
map

[59] PQ5b
τ Σtot

n =
√
1−B2

n; uniqueness
(three-input necessity); Lemma 1 of
LorCap proved unconditionally (cond.
on [U])

proved

LCII Fibrewise capacity
lapse

[20] Fibrewise extension to non-
homogeneous regime; dτ/dn|x =
R(x)/γ; uni�ed capacity arbitration:
1/γ (kinematic) and R(x) (gravita-
tional) as two facets of the same BI
trade-o�

structural

LCIIo1 Local spectral clo-
sure of the capacity�
metric bridge

[27] R(x)2 = 1 − ϵ(x) = −2gττ (x)
derived from local admissibility
data alone; SU(2)-Schur reduction
Aτ (x) = 2(1 − ϵ(x)) combined with
the principal-symbol identi�cation
gττ (x) = −Aτ (x)/4; no Einstein
equation required

proved

LCo1 Lorentz transforma-
tions from projec-
tive temporal order-
ing

[29] E�ective Lorentz transformations be-
tween inertial observers are uniquely
�xed by the projective temporal capac-
ity load β; length contraction ℓ = ℓ0/γ
as a corollary

proved

LCo3 Finite-q corrections
to the Carnot capac-
ity identi�cation

[21] Parabolic Carnot formula deviates from
the exact torus capacity by ∆q(n) =
4m2/q2 (n = R + m, R = (q − 1)/2);
quadratic identity exact, Carnot iden-
ti�cation holds for n ≤ R

proved

TopInv Topological invari-
ants

[70] Charge quantisation (π1 ∼= Z), no
monopoles, chirality (Hopf �bration)

proved

SMcm Charge, mass, iner-
tia

[14] Mass and charge as BI-saturated re-
sponses

structural

Bell Bell non-locality [10] Bell violations from non-injectivity
alone

proved

SchLamb Fine-structure con-
stant

[24] α as projective invariant; Lamb shift
and Schwinger correction

structural

Cosmol Rotation curves /
Hubble

[2] Flat rotation curves and Hubble ten-
sion from a common e�ective mecha-
nism

structural

Supra Superconductivity [3] Projective phase locking as origin of su-
perconducting coherence

structural

7 Open Problems

7.1 Branch II (O-Series)

Extension of O29 to larger primes. The symmetric rank formula is con�rmed for q ∈
{61, 101, 151, 211} (105/105 pairs at q = 211, 100%, multi-sample con�rmed). Extension of the
numerical computation to q ∈ {307, 401} is pending.
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Q5a Q5a-O2

Q5b

O25 Q7

Q8

AZ =2

Q9

[H-lift]

Q10

AH →2

U1

[U] proved

W1

[H-w] proved

Q11

Aτ =2

gµν = diag(−2, 2, 2, 2)

spectral atomicity

coercivity ⇒ AH >0

rate O(q−1/2) �bre-inv. ⇒ uniform

Figure 2: Geometric emergence sub-programme: logical chain from Q5a to the e�ective Lorentzian
co-metric. Q5a-O2 [87] (proved): spectral atomicity of ran(Πq); proves [H-E1] and [C]; closes
all Q5a hypotheses except [H2]. Q9 (proved): [H-lift] is a theorem under Q5a; coercivity gives
AH > 0 independently of the bridge. Q8 (structural): AZ = Csu(2) = 2 by Casimir rigidity;
normalisation �xed by horizontal sector. Q10 (structural): universality [U] ⇒ su(2)-isotropy ⇒
AH → 2, conditional on [U]. U1 (proved): [U] proved with rate O(q−1/2) from Weil-generator
Lipschitz bound and BFS�Carnot�Carathéodory convergence (Q5b). W1 (proved): [H-w] proved
as a structural consequence of �bre-invariance (O = ImΠ), quantitative control from U1. The
e�ective metric gµν = diag(−Aτ , 2, 2, 2) is established under the Q5a hypotheses; [H2] is the sole
remaining open hypothesis.
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Non-conjugate block protocol. A measurement protocol using non-conjugate block data (e.g.
the c-block at two independent primes) would probe the full rank d2ρ = 4 and provide a direct test
of O26 Criterion 5.4 in its original formulation.

Analytical control of n1(q)/q. The BFS window ratio n1(q)/q decreases monotonically through
q = 211 (O28, Scenario S2); the asymptotic constant α̂ is bounded below by 0.062 (updated from
O28 with q = 211 data) but not yet stabilised.

Notation consolidation: cχ → cBI. A coordinated rename of the BI saturation constant across
all papers is planned and deferred pending consistency with already-deposited O-series papers.

7.2 Branch III (Q-Series and Applications)

Bridge existence at �nite q (Q7�Q10). The asymptotic isotropy AH → 2 = AZ is proved
by Q10 and U1 (conditionally on [U]), establishing the isotropic limit of Q7 Conjecture 4.7. What
remains open is the �nite-q structural question: whether an explicit su(2)-equivariant isomorphism
φq : Sym

2(Vρ)
∼−→ Wsp exists at each prime q, not only in the limit.

π2(Ceff) = 0 beyond the canonical model (TopologicalInvariants, Remark 4.2). General
proof of this topological property is open.

Full SM gauge group: [H-color] and O32 (Q6a, O31). O31 [89] derives SU(3)× SU(2)×
U(1) as a composite of admissibility �xed points unconditionally for the colour-adapted Cayley
graph and, with [H-color] proved analytically (Proposition 4.23 of O31), unconditionally for the
standard graph as well. O32 [78] con�rms [H-color] numerically for all four test primes q ∈
{61, 151, 211, 307}: all pass R ≤ 3 (noise �oor ctrl_ref = 1.657× 10−3, controls q ∈ {29, 101};
R = 2.1, 0.4, 1.0, 0.7 respectively). What remains open: analytical derivation of [H-color] from
Foundation axioms; transfer chain δtri → αs (strong coupling constant); identi�cation of quarks
as stable projected con�gurations carrying colour quantum numbers.

Baryon-to-photon ratio (SMchargemass). Quantitative derivation of η ∼ 10−10 is open.

V −A chiral structure and fermionic matter (Q14). Q14 [79] addresses the formal deriva-
tion of the V−A coupling: the projected Dirac endomorphism EΠ, via the spinorial lift of BI
parity (now proved), is left-admissible and enforces chiral selection. Hypercharge is not a free
parameter but is �xed by anomaly-cancellation constraints on the γ5-weighted a4 Seeley�DeWitt
coe�cient. The three-generation multiplicity follows from σc(n3) = 3. A qualitative mechanism
for the inter-generation splitting is now identi�ed (Q14 �6: static obstruction, oriented JΠ-odd
lift, non-zero cascade J3 projection). Residual open points: the amplitude of the splitting (the
cascade normalisation ε = Ncasc|α|, to be derived from cχ → δpair → β∗), the explicit mass
generation mechanism, generation mixing via the complex metaplectic phase, and the Lorentzian
extension of the projected Dirac operator. In the mass sector the Yukawa line is now closed:
LY = ∧2(SΠ) and the generation-level assignment from E2

Π|C3
gen

= diag(1, 12 + u, 12 − u) are struc-

tural [81]. The Yukawa operator splits further: its hermitian square HΠ = Y †
ΠYΠ is closed, with

Spec(HΠ)|C3
gen

= λ2
Y {1,

1
2+u, 12−u}, so E2

Π �xes the squared Yukawa levels, not the morphism [82];

what stays open is the chiral polar factor UΠ in YΠ = UΠH
1/2
Π (chiral orientation and complex

mixing phase), the separate norm λY , and hence the absolute masses and mixing. The polar
factor is moreover not canonical but a rephasing class [UΠ] ∈ U(1)3R\U(3)/U(1)3L (moduli and a
Jarlskog phase: three mixing angles, one CP phase), its non-triviality controlled by the transverse
component of the metaplectic generator; on the derived real cascade that component is absent
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(v = 0), so [UΠ] = [I] and no mixing is produced at this stratum [82]. A bridge to the spectral-
admissibility programme re�nes this: the transverse datum splits into an internal block e0 ↔ e±,
sourcable by a genuinely complex non-central sl2 metaplectic coe�cient, and an external block
e+ ↔ e− outside the Sym2(sl2) lift (a new-tower-stratum datum, gated by the same rigidity [88]
as ε = 1/10). Front 3e then closes the internal block negatively at the present stratum: the
non-central coe�cients are forced real (the cascade step is real and the inherited lift carries only
the central phase [77]), so ℑp = ℑq = 0, [UΠ] = [I], and the stratum derives the diagonal split but
not the mixing [82]. The oriented area NA is the real Cartan channel and may �x the diagonal
split normalisation without predicting the polar mixing class [82]. The radial factor of the split
modulus is �xed in form, s∗ = β/|EP | in the a�ne electric gauge [91], without numerical predic-
tion. The angular normalisation is now closed at the coe�cient level: a capacity audit on the real
Weil�BFS pipeline returns the q-independent exact onset 1

3 , hence θmax = 2π/(3q) for the stan-
dard campaign, while the dictionary value ε = 1/10 is neither a capacity �t nor �xed by Sym2(C2)
alone [85, 88]. The mass-sector frontier thus separates into three layers: the present stratum de-
rives the diagonal split (angular coe�cient closed, u ̸= 0 by Schur transport), it does not derive
polar mixing ([UΠ] = [I]), and the dictionary value reduces � once the order-�ve

√
5-locus is se-

lected, giving the forced invariant R = 3/2 against the neutral order-four alternative R = 5
3 , ε =

1
8

� to the single ADE / type-rigidity datum R = 3/2, equivalently the prime 5 or the
√
5-gate [88].

The third layer is now stated as a status: the projected-Yukawa split parameter u and the angu-
lar datum ε are the same functional of the level ratio, ε(RΠ) = u with RΠ = (12 + u)/(12 − u),
so the equality u = ε = 1/10 is exactly the dictionary gate RΠ = RADE = 3/2; the represen-
tation Sym2(C2) leaves u free and the carrier-preserving recursion cannot supply the order-�ve
value [82, 88]. The split is moreover not the mass hierarchy: at the gate the squared Yukawa
levels are λ2

Y {1,
3
5 ,

2
5}, order-one ratios that cannot be the observed charged-fermion hierarchy by

direct assignment, and the single-level cascade factor is itself order one [8]. The hierarchy is there-
fore carried, if at all, by generation-dependent cascade depths ng in the projective ampli�cation
law Λproj(n) in the exponential growth regime: the cascade exponent �xes the ampli�cation rate,
while the generation stabilisation depths remain the next structural datum, with λY excluded as
a hierarchy carrier [82, 8].

Gauge�gravity synthesis (Q12 → Q13). Q12 establishes Einstein gravity and Yang�Mills
dynamics as independent (a2 and a4) sectors of the single functional SΠ[g,A]. Q13 [80] completes
this synthesis: the joint variational problem δg,ASΠ = 0 yields the coupled Einstein�Yang�Mills
system, the precise hierarchy ratio GNg2YM ∼ ℓ2sp/(dimV ) · [log(Λ/µ)]−1, and the Eddington�
Born�Infeld completion of the joint functional. Residual open points: EBI tensor Ξµν ambiguity
(subleading), numerical a6 coe�cients, Lorentzian extension of the joint EBI functional, and
extension to include projected matter currents Jaν .

Yang�Mills uniqueness for SU(3) (Q12, O31). Q12 derives the Yang�Mills equations for
any compact GΠ from the a4 heat-kernel coe�cient; the SU(3) sector is inherited from O31/Q6a.
What remains open is the internal SU(3) uniqueness problem (O31 �9.2): showing that the SU(3)
gauge dynamics emerge uniquely from the colour triplet co-admissibility structure, without in-
putting the group as data.

Lorentz Capacity Sub-Programme. The Lorentz-capacity sub-programme is now closed.
TempProj closes the PQ5b

τ construction of LorCap; LCIIo1 [27] closes the spectral derivation of
R(x) (formerly LC-O2-O1, see Remark 3.2 of [20]): Aτ (x) = 2(1−ϵ(x)) via SU(2)-Schur reduction
on Sym2(Vρ) combined with gττ (x) = −Aτ (x)/4 yields R(x)2 = 1 − ϵ(x) = −2gττ (x) without
importing the Einstein equation. LCo1 [29] closes LC-O1: the e�ective Lorentz transformations
between inertial observers are uniquely �xed by the projective temporal capacity load β, yielding
length contraction ℓ = ℓ0/γ as a corollary. LCo3 [21] closes LC-O3: the parabolic Carnot identi-
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�cation holds for n ≤ R := (q − 1)/2 with deviation ∆q(n) = 4m2/q2 for n = R +m, while the
quadratic identity B2

n + (F τ
n )

2 = 1 is exact.

Thermodynamics: Lorentzian extension and matter coupling. The local spectral �rst
law is derived in the Riemannian setting. Analytic continuation and the explicit form of WΠ for
matter �elds are open.

35



8 Conclusion

The Cosmochrony programme has established a coherent, multi-level derivation of physical struc-
ture from a single primitive. Branch I (Foundation, ENI, HeisenbergStructure [33] ) is formally
closed: the Weil representation of Heis3(Z/qZ) is a theorem. The binary-polyhedral maximal-
ity conjecture (SpectralCapacity [53]) is proved: 2I uniquely maximises Cα(G,S) for all α > 0
among �nite SU(2) subgroups with neutral generating sets, closing the precursor programme for
the O-series. Branch II (O-series) has closed the unconditional transfer chain cχ → δpair → β∗

analytically (O24) and numerically validated for q ∈ {29, 61, 101, 151, 211} (O25). The spin-12
sector identi�cation is complete (O29): the symmetric rank formula reff = dρ(dρ + 1)/2 uniquely
identi�es dρ = 2 from the observed reff = 3, con�rmed numerically for q ∈ {61, 101, 151}. The
invariant eigenvalue ratio λ1/λ2 = 2 of the per-pair covariance is now analytically derived (O30):
the Born�Infeld parity anti-linearity forces an equatorial constraint on the admissible �bre, and the
factor of 2 is purely structural�the squared symmetric-tensor normalisation of the Carnot-degree-
2 central generator Z = [X,Y ]. O31 develops the structural framework for SU(3): the metaplectic
intertwining of Heis3(Z/qZ) forces triplet co-admissibility unconditionally for the colour-adapted
Cayley graph, and SU(3) is thereby identi�ed as the symmetry group of the co-admissible colour
triplet, proved for the standard graph by Proposition 4.23 of O31 [89]. Branch III (Q-series
and companions) derives quantum mechanics, spacetime, and SM observables at the structural
level, with several results conditional on explicitly stated hypotheses. The SU(2) quantum sec-
tor is now complete: Q3 closes the general-j open step of Q2 by identifying the proto-state
as the singlet for all �ve admissible sectors of 2I via Schur's lemma, and derives the univer-
sal correlator E(â, b̂) = −j(j + 1)/3 · (â · b̂) and Born rule for j ∈ {1

2 , 1,
3
2 , 2,

5
2} (proved).

The geometric emergence sub-programme has advanced substantially: Q9 proves [H-lift] and
AH > 0 (unconditionally under Q5a); Q10 proves AH → 2 under spectral universality [U]; U1
proves [U] with rate O(q−1/2) from BFS convergence and Weil-generator stability; W1 proves
[H-w] as a structural consequence of the �bre-invariance of admissible observables. The e�ective
Lorentzian co-metric gµν = diag(−2, 2, 2, 2) ∝ ηµν (Aτ = 2 from Q11 [90]) is thereby established
under the Q5a foundational hypotheses and [U]. Q12 [100] completes the spectral derivation of
gauge dynamics: the Seeley�DeWitt a4 coe�cient of the operator Ag,A on the admissible vector
bundle contains the Yang�Mills density 1

12Tr(F
2), and the vertical variation δASΠ = 0 yields

DµF
aµν = 0. Q13 [80] completes the gauge�gravity synthesis: the joint variational problem

δg,ASΠ = 0 yields the coupled Einstein�Yang�Mills system, and the gauge�gravity hierarchy
GNg2YM ∼ ℓ2sp/(dimV ) · [log(Λ/µ)]−1 ≪ 1 emerges as a structural consequence of the spectral
strati�cation (a2 quadratic vs. a4 logarithmic UV divergence), without �ne-tuning. Q14 [79]
extends this to the fermionic sector: the admissible Weil module induces a spinor bundle SΠ re-
producing SU(2)L×U(1)Y ; the projected Dirac endomorphism EΠ enforces V−A chirality via the
spinorial lift of BI parity (now proved); hypercharge is �xed by anomaly-cancellation constraints
on the γ5-weighted a4 coe�cient; and the saturation invariant σc(n3) = 3 yields a gauge-singlet
three-generation factor C3

gen. A qualitative mechanism for the inter-generation splitting is identi-
�ed in Q14 �6 (a static JΠ-protected degeneracy lifted by the oriented cascade generator), with its
amplitude deferred to the cascade normalisation. Together, Q12�Q14 establish that the bosonic
gauge and gravitational �elds and the fermionic matter content of the Standard Model arise from a
single structural source: the non-injective projection admissibility constraint on the Weil module.
The Cosmochrony programme can now be stated in one sentence: it is a spectrally strati�ed the-

ory of emergent interactions, in which the type of a fundamental interaction is determined by the
Seeley�DeWitt order at which the admissible operator responds. Q5a v2.0 establishes that [H1]
is not needed in full generality on the admissible sector. Q5a-O2 [87] proves spectral atomicity
of the admissible sector and closes [H-E1] and [C]: each conjugate pair contributes exactly three
pure Fourier modes, coercivity at the optimal di�usive scale follows from the non-zero limiting
frequency, and Mosco compactness reduces to Bolzano�Weierstrass in C2. The H2 paper proves
the last open hypothesis [H2] (strong convergence of the rescaled Weil generators X̂q → x and
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P̂q → −i∂x) via a quantitative Poisson aliasing lemma and a discrete Sobolev identity; all hy-
potheses of Q5a Theorem 7.1 are veri�ed on the admissible sector, and the large-q convergence
theorem holds unconditionally.

For an external reader, three entry sequences are suggested. For the quantum structure thread:
ENI → Foundation → O18 → O22 → O23 → Q1. For the spectral mass hierarchy thread: ENI →
Foundation → O16 → O24. For the spacetime thread: Spectral2 → Gravity → (Thermodynamics
or Lorentz); for the geometric emergence thread: Q5a → Q5b → Q7 → Q8 → Q9 → Q10 → U1
→ W1 → H2 → Q11.
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[59] J. Beau. Temporal Residual Map from the Completed Principal Symbol: Construction,
Uniqueness, and the Lorentz Identi�cation, 2026. Lorentz Capacity sub-programme: tem-
poral residual map construction, doi:10.5281/zenodo.20316526.

[60] J. Beau. The Emergent Geometry Sub-Programme, 2026. Presentation Note 2: maps the
twelve constituent papers (Q5a, Q5a-O2, Q5b, Q6b, Q7�Q11, U1, W1, H2) into the chain
from the admissibility �lter to the e�ective metric g = 2 eta, doi:10.5281/zenodo.20417961.

[61] J. Beau. The Fermionic Matter Sub-Programme, 2026. Presentation Note 6: derives
fermions, chirality, hypercharge, and three generations as the spinorial face of the admis-
sible Weil module Vρ after Lorentzian complexi�cation of its metaplectic lift. Three struc-
tural results (Theorems A�C of Q14): Sym2(SΠ) ≃ adC(PΠ) and ∧2(SΠ) = LY reproduce
SU(2)L×U(1)Y ; the projective endomorphism EΠ enforces V −A chirality and hypercharge
rigidity (cond. on Hypothesis 3.5); σc(n3) = 3 has a spinorial reading giving a gauge-singlet
three-generation factor C3

gen, doi:10.5281/zenodo.20562665.

[62] J. Beau. The Gauge�Gravity Strati�cation Sub-Programme, 2026. Presentation Note 8: de-
rives the dynamics of gauge and gravitational �elds from the joint spectral entropy functional
SΠ[g,A] = 1

2 log det
′Ag,A via the spectral strati�cation principle a2 → gravity, a4 → gauge,

a6 → mixed coupling. Maps the two constituent papers (Q12, Q13) into a four-step chain:
operator extension to the gauge sector and horizontal�vertical decoupling (Q12 Lemma 1,
proved); Yang�Mills equations DµF

aµν = 0 from the vertical a4 variation (Q12 Thm 1,
structural given GΠ); coupled Einstein�Yang�Mills system Gµν = 8πGNTYM

µν from the joint
variation (Q13 Thm 3.2, structural); a6 gauge�gravity cross-coupling RµνρσF

µνF ρσ (Q13
Thm 4.1, structural); Eddington�Born�Infeld joint completion (Q13 Thm 5.3, conditional
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on [H-ext]); structural hierarchy ratio GNg2YM ∼ ℓ2sp/ dimV · [log(Λ/µ)]−1 ≪ 1 without �ne-
tuning (Q13 Prop. 6.1). Q12 is shared with the gauge-structure sub-programme (Note 3).
Open: a6 phenomenological normalisation; derivation of [H-ext] from A1�A4; coupled equa-
tions with fermionic matter currents from Note 6, doi:10.5281/zenodo.20563349.
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√
2 as corollary (Q1

Cor 2.16), Born rule from structural uniqueness (Q1 Thm 2.18, no Gleason), SU(2) as the
unique stable �xed point of the admissibility �ow (Q2 Thm 8.6), and the universal spin-j
correlator E = −j(j + 1)/3 â · b̂ for all �ve admissible sectors of 2I (Q3 Thm 5.2). Bell fac-
torizability structurally non-applicable in non-injective frameworks (Bell paper, published
in Quantum Reports). Open: Born rule for general observables beyond SU(2); numerical
validation across the full prime range, doi:10.5281/zenodo.20562949.

[67] J. Beau. The Spectral Admissibility Sub-Programme, 2026. Presentation Note 1: maps the
�ve precursor papers and the O-series O1�O32 into a single account, recording the status of
every result as proved, structural, numerical, or open, doi:10.5281/zenodo.20402946.
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Spectral admissibility sub-program paper, doi:10.5281/zenodo.19040490.
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full residual-rank entropy Sent(n) = log rpair(n) (full Gram�Schmidt basis, unconditional
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for matched blocks by E1, conditional on the residual admissibility indiscernibility hy-
pothesis [Hres] for general blocks); excludes the metaplectic dilation as a bridge for [Hres],
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tation Obstruction and Extracting the Capacity Exponent, 2026. Spectral admissibility
sub-program "O11" paper, doi:10.5281/zenodo.19169987.

[74] J. Beau. Weil Fingerprint Orthogonality and the Flat Schmidt Spectrum of Conjugate Pairs,
2026. Entanglement sub-programme "E1" paper: proves analytically that the k=3 Weil
�ngerprint of Heis3(Z/qZ) is a discrete Fourier mode, upgrading the numerical hypothesis
wj = 1 of the entanglement-note to a theorem and deriving the �at Schmidt spectrum
Sent(n) = log rpair(n) for matched conjugate-pair blocks, doi:10.5281/zenodo.20499309.
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[76] Jérôme Beau. Born�Infeld Parity Forces an Equatorial Admissible Fibre: Analytical
Derivation of the [1 : 1

2 : 1
2 ] Eigenvalue Ratio in Sym2(Vρ), 2026. "O30" paper,
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"Q14" paper, doi:10.5281/zenodo.20218409.

[80] Jérôme Beau. Gauge�Gravity Spectral Synthesis: Joint Einstein�Yang�Mills Equations,
Born�Infeld Completion, and the Hierarchy Ratio from Projective Spectral Entropy, 2026.
"Q13" paper, doi:10.5281/zenodo.20209859.

[81] Jérôme Beau. Projected Yukawa Line and Generation-Level Assignment, 2026. Fermionic
matter sub-programme companion note: closes the �rst stage of the Yukawa sector �
the functorial determinant line LY = ∧2(SΠ) and the generation-level assignment from
E2

Π|gen = diag(1, 12+u, 12−u)�without deriving mass values, doi:10.5281/zenodo.20767265.

[82] Jérôme Beau. Projected Yukawa Operator and Chiral Polar Factor, 2026. Fermionic matter

sub-programme companion note: the squared Yukawa observable HΠ = Y †
ΠYΠ and the

chiral polar ambiguity YΠ = UΠH
1/2
Π � E2

Π �xes the squared levels, not the morphism,
doi:10.5281/zenodo.20767498.

[83] Jérôme Beau. Projective Information Loss and Fibre Erasure in Admissible Non-Injective
Projection, 2026. doi:10.5281/zenodo.20466459.

[84] Jérôme Beau. Proof of the Lifting Hypothesis [H-lift]: Kinetic-Sector Identi�cation via
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[85] Jérôme Beau. Reduction of the Angular Amplitude Observable: the J3 Split as Accumulated
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of the angular generation split of Q14 �6. A Baker�Campbell�Hausdor� reduction identi�es
the per-step JΠ-odd J3 component of the metaplectic cascade generator with the oriented
symplectic area swept per step (Carnot-degree-2 central increment of Heis3), not a free shear
parameter. The quantity to be measured is the accumulated oriented J3-odd area along the
Weil�BFS cascade, normalised by the projected capacity Î(n); at nobs

3 this equals εWeil(n
obs
3 ),

to be compared with the dictionary value ε = 1/10 without �tting. In the O12 �ngerprint
the two sectors are the two terms of the exponent: frequency Bc carries the radial capacity
σc, central phase Ac carries the angular split. Direct evaluation on symmetric BFS shells
returns Θraw = 0 identically; the orientation prescription is an irreducible input prior to
NA, doi:10.5281/zenodo.20601228.

[86] Jérôme Beau. Semiclassical Consistency of the Weil Representation on Heis3(Z/qZ): Quan-
titative Sinc Embedding, Generator Convergence, and Aliasing Control, 2026. "H2" paper,
doi:10.5281/zenodo.19962051.
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ity and Mosco Compactness without Nash Inequalities, 2026. "Q5a-O2" paper,
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sure of the Chiral Lift, 2026. Fermionic matter / spectral-stratigraphy transversal note.
doi:10.5281/zenodo.20693084.

[89] Jérôme Beau. SU(3) from Colour Triplet Co-admissibility: Towards the Complete Standard
Model Gauge Group, 2026. "O31" paper, doi:10.5281/zenodo.20030491.

[90] Jérôme Beau. Temporal Casimir Rigidity and Closure of the E�ective Metric: Identi�cation
of Aτ = 2, 2026. "Q11" paper, doi:10.5281/zenodo.20098387.

[91] Jérôme Beau. The Born�Infeld Saturation Margin of the Chiral Modulus: Antisymmetric
Structure and the Reduction of the Generation Split to a Lorentzian Genus, 2026. Fermionic
matter sub-programme companion note to PRS. Discharges the �rst PRS open deliverable:
de�nition of the Lorentzian saturation functional Bsat(s) along the JΠ-odd modulus con-
trolling the three-generation split coe�cient u. Three results: (i) antisymmetry lemma �
the generation modulus is JΠ-odd and the symmetric square M = FχFχ is JΠ-even from
birth, so the primary modulus variable must be an antisymmetric chiral two-form Fχ,µν(s);
(ii) Bsat(s) de�ned as the Born�Infeld determinantal saturation margin of this two-form,
with sign locked by the admissibility role of Bsat (axiom A4 selects saturated minima), not
by Maxwell weak-�eld matching; (iii) genus reduction � µχ := ∂2

sBsat(0) = 1
2Pχ,µνP

µν
χ ,

so the existence and stability of the split are governed entirely by the Lorentzian genus of
the chiral polarisation Pχ in the e�ective metric gµν = 2ηµν . Identi�cation of the Schur
projector tilt with the Born�Infeld saturation modulus on the A4 locus is conditional
only on Schur transversality; the Lorentzian genus computation is deliberately deferred,
doi:10.5281/zenodo.20633931.

[92] Jérôme Beau. The Constrained Jet of the Lorentzian Eliminated Block and the Chiral
Generator, 2026. Fermionic matter sub-programme companion note, logically between the
Schur reduction (PRS) and the physical identi�cation of the chiral generator. Freezes the
structural form of the Lorentzian eliminated block: writing the self-adjoint projector family
as a jet 1 − P (s) = Q0 + sQ1 + s2Q2 + O(s3) along the JΠ-odd modulus, the projector
constraints force Q1 = [A,Q0] to be a purely o�-diagonal Grassmann tangent and pin the
diagonal blocks of Q2 to Q2

1 with opposite signs; parity propagation grades the residue
jet E0 even, E1 odd, E2 even, so the split source is u(s) = s ⟨J3, {E0, E1}⟩/⟨J3, J3⟩ +
O(s3) with mixing v ≡ 0 for phase-free data. The chiral generator is identi�ed, not a new
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selector: since the antiunitary JΠ exchanges chiralities, [ΠJΠ-odd(1 − P )]LL = 1
2∆χ(P ) and

[ΠJΠ-oddQ̇(0)]LL = 1
2∂s∆χ(P )|0, the in�nitesimal transported chiral equivariance defect rate.

Reduces the value question to a single target, the admissible normalisation of ∂s∆χ(P )|0;
|u| remains dictionary-bound, doi:10.5281/zenodo.20763532.

[93] Jérôme Beau. The Oriented Frontier Observable: a Recursive Q11 Diagnostic for the Angular
Generation Split, 2026. Fermionic matter sub-programme diagnostic note. The symmetric-
capacity obstruction makes the raw shell observable of the angular generation split vanish
identically (Θraw = 0): the involution g 7→ g−1 pairs opposite central phases on symmetric
BFS shells, erasing the oriented JΠ-odd component before the radial recursion can act. This
note de�nes the honest replacement: a frontier transfer observable on the directed outgoing
edges g → gs, whose central increment is the Heisenberg cocycle a(g) sb, discrete counterpart
of the BCH term 1

2 [X,Y ] and hence of the dynamical J3. The orientation is the recursive
arrow ∂τ = log g from the projection origin. The �rst test is the existence of an oriented
signal ⟨∆Ac⟩∂+Sm

̸= 0, which may fail under residual frontier re-pairing; the discriminating
anti-bias control is the symmetrised-frontier cancellation. No normalisation, no dictionary
value, no ε enters; the note tests only whether the recursion produces a non-zero, bias-free
oriented signal, doi:10.5281/zenodo.20601245.

[94] Jérôme Beau. The Projective Residue as a Schur Complement: Reduction of the Gener-
ation Split to the Chiral Asymmetry of Projection Locking, 2026. Fermionic matter sub-
programme note: exhibits the projective endomorphism as the Schur complement EΠ =
−ΠS D (1 − P )DΠ∗

S = −M †M of the spinorial directions eliminated by the non-injective
projection; reduces the inter-generation split coe�cient u to the D±-transported, generation-
projected component of the antiunitary chiral equivariance defect∆χ(P ) = πLL−τ πRR τ−1;
strati�es the result on the Cosmochrony axioms (A1�A3 force u = 0; non-zero u requires
A4 chiral symmetry-breaking); proves �nite/Lorentzian separation (�nite locking is JΠ-
equivariant, so ufin = 0); locks Seeley�DeWitt conventions so operator and spectral u coin-
cide; no-go result: chirality is Lorentzian, not a �nite-�bre label. Reduces the open problem
to a Lorentzian computation of the chiral curvature µ2

χ := ∂2
sB(0) along the JΠ-odd modulus

of the saturated Born�Infeld functional, doi:10.5281/zenodo.20601040.

[95] Jérôme Beau. The Spectral Gravity Sub-Programme, 2026. Presentation Note 4,
doi:10.5281/zenodo.20533351.

[96] Jérôme Beau. Three Admissible Directions and Three Spatial Dimensions: A Structural
Bridge Candidate, 2026. "Q7" paper, doi:10.5281/zenodo.19802123.

[97] Jérôme Beau. Uniform Spectral Universality for Weil Fingerprint Energies:
Proof of [U] with Rate O(q−1/2), 2026. "U1" paper, doi:10.5281/zenodo.19881146.

[98] Jérôme Beau. Universal Spin-j Singlet from Admissibility: Completion of the SU(2) Quan-
tum Sector, 2026. "Q3" paper, doi:10.5281/zenodo.19979535.

[99] Jérôme Beau. Weight Stabilisation of the Admissible Dirichlet Form: Proof of Hypothesis
[H-w] from Spectral Universality, 2026. "W1" paper, doi:10.5281/zenodo.19886319.
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