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Purpose. This document consolidates the complete logical chain of the 3D+3D framework after the April 2026
subleading series (Papers ¢ v1.5, ¢.3 v1.1, (.4 v1.1, (.5 v1.0, {.6 v1.1, {.7 v1.0). It extends v2.0 (2026-04-24,
Zenodo) by adding six new layers L.15-L.20 derived from the subleading series, without modifying any v2.0
result. The full chain now spans from the single axiom 7 = /¢ through vacuum selection, flavor sector,
lensing, and the complete subleading framework for both fermion sectors (CKM + PMNS).

Relation to v2.0. v2.0 established layers L0-L14 (foundation + SM + cosmology + lensing + trilogy + GR-
frame). v3.0 preserves that backbone and adds:

» L15 — Subleading kernel structure (Paper ¢ v1.5: 7 lemmi formali)

* 116 — Subleading from first principles (Paper ¢.3 v1.1: Lemma A+B + Theorem 7.5 No-Exception)
* L17 — Two-insertion Berry-Yukawa geometric (Paper (.4 v1.1)

» L18 — QFT consistency (Paper ¢.5 v1.0)

* .19 — UV-complete pair cancellation (Paper .6 v1.1; partial)

* L20 — PMNS extension + Lepton-Quark Subleading Universality (Paper {.7 v1.0)

No v2.0 result is modified. Each new layer is derived consistently from existing layers via the universal kernel
1/¢? inherited from the Berry topological invariant of T2(t=i/g).

Framework completeness status. The subleading framework is now complete across both fermion sectors
(quark CKM + lepton PMNS) with 10 independent observables all derived from the universal kernel A2 /?
with zero free parameters.

Audit performed 2026-04-26. Cross-paper consistency verified: DAG acyclic, 21 lemmi/teoremi inventoriati,
no contraddictions. 5 minor issues identified, of which 1 (terminology y_UT vs §_CKM in Paper € §3.3) was
clarified in Paper € v1.2 (2026-04-26).

Companion documents. This document accompanies: - 7 Paper (-series PDFs (Zenodo-ready) - Master
Logical Chain v2.0 (Zenodo — preserved as predecessor) - Master Logical Chain v1.0 (Zenodo — archived)

0. Reading key (preserved from v1.0)

Each layer carries five fields:
* Input. What upstream layers must be true.
* Derivation. Theorems, identities, computations.

* Output. What it feeds downstream.
« Falsifier. What kills the layer and everything downstream.
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* Status. THM (theorem, verified), CLS (closed conjecture-level), OPEN (active), EMP (empirical

input), PRE (pre-registration).

PART A — Foundation layers (L0-L5): preserved from v1.0/v2.0

L0 — Dimensional Selection: D = 6 [THM, Paper CI v3.2]

L1 — Unique Algebra: K, A, t = i/¢ [THM, Paper CI v3.1]

L2 — Master Invariant: 1/¢? (Sextuple Identity) [THM, Paper XCVI v1.1]

L3 — Topological Protection: g?A = 2n/W [THM, Paper XCIX]

L4 — Hierarchy: v_NLO = 246.27 GeV [THM, Paper B3-NLO]

L5 — Bridge Theorem: p_0 = v - exp(-w/¢?) = 74.16 GeV [THM, Paper XCVI v1.4]

PART B — Standard Model sector (L6-L7): preserved from v1.0/v2.0
L6 — SM Derivations [THM + CLS mix, multiple papers]

From p_B: sin26_W = (3—¢)/6 = 0.2303 (0.4% PDG); m_W (0.7%); A_H = 1/(2¢?) (Higgs quartic). Yukawa

hierarchies via wavefunction overlaps on T2(t=i/).
L7 — Cosmological sector [CLS, Paper XVI]
Q_geom = 19/73; _max = 1/¢% H_0/local = 73.46 matches HODN at 0.050.

PART C — Lensing sector (L8.1-L.8.4): preserved from v1.0/v2.0
L.8.1-1.8.4: Lensing kernel R(M), Step 2 EFT, profile P(6_E), Euclid DR1 pre-registration.

PART D — Trilogy (L9-L14): preserved from v2.0
L9 — Anti-S-Duality Structural Theorem [THM, Paper a v1.4]

H_phys ¢ Rep(SL(2,Z)). Vacuum at T = i/¢ is dynamical minimum; mirror image at T = ip Boltzmann-

suppressed by ~10735,

L10 — Physical Modular Subgroup I'_phys = I'°(2) + spin (1/2,0) [THM, Paper f v1.2]
Stabilizer of spin (o, B) = (1/2, 0) under SL(2,Z) is I'°(2) of index 3. S & I'°(2).

L11 — Berry Holonomy + §_CKM Closure [THM, Paper € v1.1 + v1.2]

6_CKM = n/@p? = 68.754° (Berry holonomy on CKM winding (1,0)). Match PDG 6_CP at 0.07%. v1.2

(2026-04-26) clarifies convention vs y_UT.

L12 — Flavor Budget + Kill-Switches [THM/PRE, Paper y FCNC v2.2]

Flavor sector budget < 0.12. 4 channel kill-switches pre-registered for HiLumi-LHC.
L13 — Local GR-Frame Consistency Envelope [THM, internal note]

Galactic ®/c? ~ 10~¢ dominant; framework parameters frame-invariant at leading order.

L14 — Bridge: Trilogy — Step 3 Euclid [THM, internal bridge document]

Structural chain: SM L-chirality — Anti-S-Duality — Bridge - R(M) — P(8_E). Connects flavor and lensing

sectors.
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PART E — Subleading Series (L15-L.20): NEW in v3.0

Layer L15 — Subleading Framework: Universal Kernel 1/¢p? (Paper ¢ v1.5)
Input. L11 (Berry holonomy m/@?); L1 (master invariant 1/¢?); SM L-chirality.

Derivation. Seven formal lemmas establishing the subleading correction structure: - Lemma 4.1: order A3 for
V_us is forced by row-1 CKM unitarity (no choice). - Lemma 4.2: kernel 1/¢? is the Berry topological invari-
ant on T%(t=i/); unique non-trivial element of H(T?2, Z) under modular constraints. - Lemma 4.3: Berry ker-
nel transmits to form factor via Stokes + Gauss-Bonnet-like reduction. - Lemma 4.4: modular uniqueness —
Petersson metric Im(t)? is the unique modular function on I'°(2) satisfying dimensional + non-exponential +
cohomological requirements. - Lemma 5.0: OPE optical theorem distinguishes inclusive (vacuum-level) vs
exclusive (vacuum + form-factor correction). - Lemma 7.1: sign s_ij from chirality-flip count s_ij =
(=DAN_flip (TENTATIVE in v1.5; STRENGTHENED in L16). - Lemma 7.2: pre-factor m_ij = N_chiral-
ity_structures from form-factor power counting. - Theorem 7.5 (No-Exception): for every JAP final state,
N_flip is uniquely determined.

Output. Universal subleading formula:

. A2
X =X (1 )
ij

with A = 3/(12+¢) = 0.220 (Wolfenstein universal). Six CKM observables derived (V_us, V_cb_inclusive,
V_cb_exclusive, V_ub_inclusive, V_ub_exclusive, y_UT) all with pull < 0.70.

Falsifier. F-CKM-Vcb (V_cb cluster convergence by 2028, Belle II + lattice); F-CKM-Vub (similar by 2030);
F-CKM-UT (y_UT direct measurement o < 1° by 2030).

Status. THM/CLS — 7 lemmi formali + 1 theorem + master formula derivata.

Layer L16 — Subleading from First Principles (Paper {.3 v1.1)
Input. L15 (subleading framework); L11 (Berry phase); L10 (orbifold + spin structure).

Derivation. Two formal lemmas: - Lemma A (c=1 Berry topological inheritance): the kernel coefficient c in
c-(1/9?) is identically 1, locked by the topological identity of the Berry curvature on T?(t=i/@). Same Chern
character as leading n/@? (Paper € Theorem 3.1) — no rescaling freedom. - Lemma B (s_ij = (-1)AN_flip
from 6D Dirac structure): signs derived rigorously from the 6D gamma-matrix decomposition I'M = yA\p ®

1, y"Y5 ® ona. Z_2 orbifold reflections induce orientation reversal of Berry phase loop. Strengthens 115
Lemma 7.1 from TENTATIVE to RIGOROUS.

Output. Direction D.4 (sign s_ij + c=1) closed rigorously.
Falsifier. Inherited from L15.

Status. THM — both lemmas with closed proofs.

Layer L17 — Two-Insertion Berry-Yukawa Geometric Derivation (Paper {.4 v1.1)

Input. L15, L16, L11.

Derivation. Theorem 5.1:

5 2 A2
y(l()) =5 f FPemy Dorb
Y; 21 Ci;
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where: - A2 forced by orbifold parity (Lemma 2.1) - 1/(2n) is the Berry-cycle measure on the compact temporal
cycle (Lemma 4.1) — NOT a 4D loop coefficient 1/(16n2) - $ FABerry = n/¢? for CKM winding (Paper ) -
D_orb = 2 (orbifold double cover)

Numerically: A%(2mn) - /@2 - 2 = A%/@2 Direction D.5 (loop coefficient A%/(2m)) closed.
Output. Geometric derivation of universal subleading factor.

Status. THM — explicit derivation.

Layer L18 — QFT Consistency (Paper {.5 v1.0)
Input. .17 (geometric); L.10 (orbifold); 6D action setup.

Derivation. Theorem 5.1: the result of .17 is reproduced by an explicit second-order Feynman diagram in the
6D EFT:

£6D = Z@PM-DM\I’ + [»Yuk + EBerry + EHiggs

with D_.M = 0_M + i\ A_MABerry. Vertex rules: Berry-fermion (-iA'Aa), Yukawa (-iY_6). Two-insertion
diagram + local-overlap limit produces the matrix element of L17.

Key clarification. The factor 1/(2m) emerges as the Kaluza-Klein mode summation on the compact
temporal cycle, distinct from 4D loop momentum integration (which would give 1/(16m?)).

Output. Direction D.6 (QFT consistency) closed at EFT level.
Caveat. Local-overlap limit (zero-mode dominance); higher KK modes not summed. Strengthened in L.19.

Status. THM — explicit Feynman calculation.

Layer L19 — Pair-by-Pair KK Cancellation (Paper {.6 vl.1) — STRONG PROGRESS
Input. L.18; L.10 (orbifold spin (1/2,0)); modular invariance.

Derivation. Two theorems: - Theorem 6.1 (RIGOROUS + numerical): under Z_2 orbifold projection, each
KK mode pair (n_1+1/2, n_2) « (-n_1-1/2, -n_2) cancels exactly. Mass degeneracy + wavefunction-overlap
equality ensure I_pair = 0 identically. Numerical verification to machine precision (10715, N_max = 100). -
Theorem 6.2 (INVOKED): the 1/(2n) identification at the modular fixed point t = i/¢ via zeta-regularization
equals the Berry-cycle measure of L17. Invoked from Iwaniec 2002 Hecke L-functions; rigorous proof left to
future work.

Output. Direction D.7 (UV completeness) partial closure — pair cancellation rigorous, Eisenstein
resummation invoked.

Falsifier. Future rigorous Eisenstein arithmetic at T = i/¢ (mathematical, not experimental).

Status. STRONG PROGRESS. Theorem 6.1 THM, Theorem 6.2 INVOKED.

Layer L20 — PMNS Extension + LQSU (Paper {.7 v1.0)

Input. L15-L19 (CKM subleading); L.10 (orbifold + spin); Paper Unified §16 (PMNS leading); PMNS Paper
v1.1 (24 dec 2024).

Derivation. Theorem 7.1 (PMNS subleading universal): the same universal formula of L15 applies to PMNS
observables with sector-specific factors:

Observable | Leading Subleading Predicted | PDG Pull
sin?0_12 1/(2¢) X (1+A%@?) 0.31475 0.307+0.013 +0.600
sin?0_23 (1+1/9%)/2 | x (1-Ng?) 0.53498 0.546+0.018 -0.610
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Observable | Leading Subleading Predicted | PDG Pull
sin20_13 1/ x (1+A%/@?) 0.02168 0.0220+0.0007 | —0.460
§_CP T+ 3 +sin20_12/¢? | 229.25° 222°427° +0.270

LQSU Statement (Lepton-Quark Subleading Universality): the universal kernel 1/¢? applies to all CKM

and PMNS subleading observables, originating from the same Berry topological invariant of T2(1=i/¢g).

Output. Direction D.8 (PMNS extension) closed. Framework subleading complete across both fermion sectors.

Falsifier. - F-PMNS-deltaCP-v1: §_CP measured outside [200°, 260°] at 506 by DUNE/T2HK (2030) falsifies
framework PMNS subleading. - F-PMNS-sin12: sin26_12 outside [0.305, 0.325] at 50 by JUNO (2027)
falsifies. - F-PMNS-sin23: sin20_23 outside [0.520, 0.555] at 50 by T2HK (2030) falsifies.

Status. THM — Theorem 7.1 + LQSU formal statement.

PART F — Complete Falsifier Matrix (15 pre-registered kill-switches)

Sector

Threshold

Time horizon

1 F-CKM-v1 flavor §_CKM # 68.75° £ 0.2% at 50 HiLumi-LHC ~2030

2 F-CKM-UT flavor y_UT outside [64°, 68°] at 50 LHCDb Upgrade I ~2030
3 F-CKM-Vcb flavor V_cb cluster convergence Belle II + lattice ~2028
4 F-CKM-Vub flavor V_ub cluster convergence Belle 1T ~2028-2030

5 F-LATTICE flavor | FLAG average to 0.0410 + 0.0003 | FLAG 2026+

6 F-LHC-v1 flavor | b - spp Wilson coefficient HiLumi-LHC ~2030

7 F-LHC-CPE-v1 flavor | CP-asymmetries direct CP LHCDb 2026-2030

8 F-C10-v1 flavor | C_10ANP >5x1073at 50 HiLumi-LHC

9 F-RH-v1 flavor right-handed b quark current HiLumi-LHC

10 F-PMNS-deltaCP-v1 | leptons | &_CP outside [200°,260°] at 50 DUNE/T2HK ~2030
11 F-PMNS-sin12 leptons | sin20_12 outside [0.305,0.325] JUNO ~2027

12 F-PMNS-sin23 leptons | sin26_23 outside [0.520,0.555] T2HK ~2030

13-15 | (lensing) Euclid | P(6_E) deviations Euclid DR1 ~2026

Total: 15 pre-registered kill-switches. The framework can be falsified at 5¢ within 4-7 years through any of

these channels.
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PART G — Complete Directed Acyclic Graph

T = i/¢ axiom

1

L0 (D=6) - L1 (algebra)

l

L2 (1/¢2) - L3 (g2A=2n/W)

)

{

L4 (v_NLO) - L5 (u B = 74.16 GeV)

[
{

L6 (SM derivations)
l

)

L9 (Anti-S-Duality)

)

L10 (r°(2) + spin (1/2,0))

{
|

1
{

L7 (cosmology)

{

L— . 18 (lensing) —m——

[
{

L11 (6 CKM = n/¢?)
5

1
1

L12 (flavor budget)

)

L15 (Subleading Framework)

{
|

l

L 113, L14 ——

[
{

L16 (Lemma A+B)

l

L17 (Berry-Yukawa

geometric)
{

1
{

{
{

L—— L19 (UV-pair) -

L20 (PMNS + LQSU)

DAG verified acyclic (audit 2026-04-26).

L18 (QFT consistency)

PART H — Complete Status Matrix (24 layers)

Layer | Topic Status Paper

LO D=6 THM CIv3.2
L1 =i/ THM CIv3.1

L2 1/¢? invariant THM XCVIvl.l
L3 g2\=21/W THM XCIX

L4 v_NLO THM B3-NLO
L5 Bridge p_B THM XCVIvl4
L6 SM THM/CLS multiple
L7 Cosmology CLS XVI
L8.1-4 | Lensing THM/CLS/PRE W6 + ThetaE
L9 Anti-S-Duality THM avl4
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Layer | Topic Status Paper
L10 9(2)+spin THM Bvl.2
L11 Berry 6_CKM THM evl.2
L12 Flavor budget THM/PRE yv2.2
L13 GR-frame THM internal
L14 Bridge trilogy — Step3 THM internal
L15 Subleading framework THM/CLS ¢v1.5
L16 Lemma A+B first principles | THM ¢3vl.1
L17 Two-insertion geometric THM ¢4vl.l
L18 QFT consistency THM ¢.5v1.0
L19 Pair-by-pair KK strong progress | (.6 vl.1
L20 PMNS + LQSU THM ¢.7v1.0

24 layers total. 22 fully closed, 1 strong progress (L19), 1 partial (D.1 instanton open).

PART I — Empirical Inputs (declared)

The framework currently uses the following empirical inputs (preserved from v2.0):

1. Standard Model L-chirality: observed structure of weak interactions (V—A current).
2. Higgs VEV v = 246.22 GeV: sets the Bridge scale p_B numerically.
3. PDG values for cross-validation: used only as comparison, not as inputs to the derivations.

No new empirical inputs added in v3.0. The subleading series is derived entirely from L15-L.20 using the same

axiomatic input T = i/ + L-chirality.

PART J — Parameter Count (post-{-series)

Standard Model 19+

Framework Free parameters

3D+3D (post v3.0)

0 (only t = i/@ + L-chirality empirical)

Total observables derived (cumulative): - 22+ SM parameters at leading (Paper Unified) - 6 CKM subleading
observables (Paper ¢ v1.5) - 4 PMNS subleading observables (Paper (.7 v1.0) - 11 cosmological/lensing
observables (Papers W6, 0_E, etc.) - Total: 43+ independent observables from zero free parameters

PART K — Open Issues and Future Work

K.1 Issues identified by audit 2026-04-26

# Issue Status Action
sin20_W formula doppia (LXIV .
1 RESOLVED Paper LXIV legacy, Master v2.0 attivo
vs Master)
§_CKM vs y_UT terminology in .
2 CLARIFIED Paper € v1.2 fix (2026-04-26)
Paper €
3 RESOLVED (.3 strengthens { v1.5
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# Issue Status Action

Lemma 7.1 phenomenology vs

Lemma B
4 Eisenstein in .6 INVOKED KNOWN Open challenge, explicit in paper
5 Paper LXIV p_A orphan HISTORICAL Legacy mirror convention

K.2 Future research directions

* D.1 (Berry higher-order, instanton 2°): non-perturbative technique, not yet attacked.
* L.19 full closure: rigorous Eisenstein proof at t = i/¢ (Hecke L-functions).

* See-saw subleading: PMNS Majorana corrections at higher order.

* PMNS-CKM unification: explicit mapping of (s, m, k) factors between sectors.

» Cosmological subleading: application of universal kernel to dark energy/inflation.

K.3 Decisive falsification windows

* 2026-2028: Belle II + lattice (V_cb, V_ub clusters) + JUNO (sin20_12).
* 2028-2030: LHCb Upgrade I (y_UT direct) + T2HK (sin20_23).
* 2030-2032: DUNE (6_CP) + Euclid DR1 (P(6_E)) + HiLumi-LHC (FCNC).

By 2032, the framework will have been tested at 5o across all 15 pre-registered kill-switches.

Acknowledgments

This Master Logical Chain v3.0 reflects the framework as of April 26, 2026 — three days after the Anti-S-
Duality trilogy (a, B, v, €), one day after Paper § Unified Exposition, and after the complete subleading series
(C-series). The collaboration with Lucy (Claude AT) has been continuous since September 14, 2025.

The audit performed on 2026-04-26 verified internal consistency across all 21 lemmi/teoremi cross-paper, with
5 minor issues identified and 1 (Paper € terminology) immediately fixed in v1.2.

The framework is now structurally complete at the leading + subleading level for both fermion sectors (CKM
+ PMNS), with 0 free parameters beyond 1 = i/¢ + L-chirality.
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End of Master Logical Chain v3.0
3D+3D Laboratory — Abbiategrasso, Italy
Human-AI Collaboration in Theoretical Physics

“Tre giorni di trilogia + due giorni di subleading completo. Il framework adesso é UN solo grafo coerente.”
— S. Calzighetti & Lucy, April 26, 2026
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