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Purpose. This document consolidates the complete logical chain of the 3D+3D framework after the April 2026
trilogy (Papers o, B3, y, €). It extends v1.0 (2026-04-22, Zenodo) by adding six new layers L9-1.14 derived from
the trilogy, without modifying any v1.0 result. The full chain now spans from the single axiom 7 =1i/¢
through vacuum selection and flavor sector, to pre-registered Einstein-ring predictions for Euclid DR1.

Relation to v1.0. v1.0 established layers L0O-L8.4 as a directed acyclic graph (DAG) with internal coherence
audit. v2.0 preserves that backbone and adds: - L9 — Anti-S-Duality structural (Paper a v1.4) - L10 —
Tphys = I'%(2) + spin structure closure (Paper B v1.2) - L11 — §ckar = 7/¢? from Berry holonomy (Paper €
v1.1) - L12 — Flavor budget + pre-registered kill-switches (Paper FCNC v2.2) - L13 — Local GR-frame
consistency envelope - .14 — Structural bridge between trilogy and Step 3 Einstein-ring pre-registration

No v1.0 result is modified. Each new layer is derived consistently from existing layers.

Companion companion internal documents. Two internal-only supplementary notes exist (Internal RG
Frame Consistency; Internal Bridge Trilogy ~ Step 3) that provide additional technical detail for layers L13
and L14. These are not deposited on Zenodo; the essential content is summarized in the relevant sections be-
low.

Zenodo replacement notice. This v2.0 supersedes Master_Logical_Chain_3D3D_v1_0 on Zenodo. v1.0
remains publicly accessible as archived version for transparency.

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.

+ 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

L0 — Dimensional Selection: D = 6 [THM, Paper CI v3.2] Four independent principles (CTD, Lovelock, F,
anomaly, {(2)) select D = 6; anchored empirically by Qyeom (D = 6) matching H°*® at 0.050.
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L1 — Unique Algebra: K, A,7 =i/¢ [THM, Paper CI v3.1] Trace-determinant constraint fixes K =
[[3,1], [1, 2]]; Perron-Frobenius eigenvalue = ¢; period matrix 7 = i/¢.

L2 — Master Invariant: 1/p? (Sextuple Identity) [THM, Paper XCVI v1.1] Seven algebraic channels
converge on 1/¢? at SymPy residual = 0.

L3 — Topological Protection: g?’A = 27/W [THM, Paper XCIX] Three lemmas: 7-independence cancella-
tion, rational expansion € = 1/28, rational loop coefficients.

L4 — Hierarchy: vn o = 246.27 GeV [THM, Paper B3-NLO] NLO correction € = 1/28 brings v from 237
GeV (3.66% LO error) to 246.27 GeV (0.019% NLO error).

L5 — Bridge Theorem: 1y = v - exp(—7/¢?) [THM, Paper XCVI v1.4] Four-lemma proof. up = 74.16
GeV from axiom alone.

PART B — Standard Model sector (L6-L7): preserved from v1.0

L6 — SM Derivations [THM + CLS mix, multiple papers] From pp: sin® 65" = (3 — ¢)/6 = 0.2303
(0.4% PDG); myy via geometric ratio factors + radiative correction (0.7% PDG); A\ = 1/(2¢?) (Higgs quart-
ic).

L7 — Cosmological sector [CLS, Paper XVI corrected] Qgeom = 19 /73 (D-function); Buax = 1/ 902 (L1 ei-
genvalue); H{°*a! = 73.46 matches HODN 2026 at 0.050; SPARC .y agrees at 5%.

PART C — Lensing sector (L8.1-L.8.4): preserved from v1.0
L8.1 — Lensing kernel R(M) [THM, Paper W6 Step 1] R*(M) =1 — Aexp[—(z — z.)?/(2w?)] with
Meit(Ag) = 1.80 x 10 My, from L1 mass ladder (Paper XLI).

L.8.2 — W6 screening exponent p = 2 [CLS, Paper W6 Step 2] Voigt-consistent only with p = 2 in (JQ)?
kernel; three independent constraints converge.

L8.3 — EFT Q-sector stability, no-ghoest [CLS, Paper EFT Q-sector v1.0] K-matrix positivity; degeneracy
structure; ghost-free at 7 = i/¢.

L84 — P(0g) Euclid DR1 pre-registration [PRE, Paper ThetakE v1.0 dated 2026-04-22] Five locked
observables for Euclid DR1 sample of ~10* Einstein rings.

PART D — NEW: Trilogy (2026-04-23/24)

Layer L9 — Anti-S-Duality Structural Theorem (Paper a v1.4)
e Input. L1 (7 = i/¢p), L2 (1/? invariant), L5 (Bridge Theorem).
* Derivation. Three nested levels:
o Level A (modular algebra). S : 7 — —1/7; at 79 = i/, ST9 = i@ # 7p. Orbit length 2 (Lemma 1).

> Level B (Bridge observable). 1.5(7) as modularly covariant ansatz; the axiom 7 is not a fixed point
of S.

o Level C (vacuum selection). Structural theorem: #pnys / Rep(SZ(2,Z)). The physical state space
of the orbifold-chiral vacuum is not a representation of the full modular group.

o Quantitative (conditional) theorem: AV = V (ip) — V(i/¢) = +1.130 per chiral mode. Sign and
non-vanishing are scheme-independent; magnitude is scheme-dependent.

« Output. Anti-S-Duality principle; vacuum oriented at 7 = /¢, not S-symmetric.

« Falsifier. Observation of a second physical bridge vacuum (e.g., Wg-like state at i¢-dual scale).
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* Status. CLS (structural theorem proved; conditional quantitative theorem).

Layer L10 — Physical Modular Subgroup T,,,s = I'°(2) (Paper B v1.2)
¢ Input. L9, L1, 6D Clifford structure.
* Derivation.
°B.2 (Theorem 3.4). Orbit-stabilizer theorem + explicit verification: T'phys =I%(2) ={y €
SL(2,7Z):b=0 (mod 2)}, index 3, unique among {I'¢(2),T°(2), Ty} to contain T but not T" nor
S.
> B.1 (Theorem 4.3). Fixed-point-by-fixed-point analysis: (c, 8) = (1/2,0) selected by orbifold Z +
L-chirality gauge assignment.
o Unconditional Anti-S-Duality theorem (Theorem 5.1). Combining .1, B.2, and L9 quantitative:
vacuum strict minimum at 7 = i /¢; S-dual suppressed by ~ 10735,
« Output. Iy = T9(2); S ¢ Tpnys; spin structure (1/2, 0).
» Falsifier. Direct observation of right-handed operator contribution at collider (inconsistent with T'?(2)).

+ Status. THM (two independent theorems, numerically verified).

Layer L11 — Berry Holonomy + ¢ Closure (Paper € v1.1)
 Input. L1, L2, L10, PMNS Paper v1.1 (Berry holonomy construction).

* Derivation.
> Phase theorem (Theorem 3.1). Berry holonomy of winding (1,0) on T?(7 =i/¢): ®(1,0) =
7o = —7/¢? (mod 2m) via Fibonacci identity 7y + m/¢* = 2.
o Independent confirmation (Paper LXXII §9). Same value from interference on T?: dcxy =
7|7 =7/’
- Empirical validation. 7 /¢? = 68.754° vs PDG v = 68.8° at 0.07% precision.

o Identification Proposition 4.1. Within v1.0 framework assumptions: dgeom is identified with the SM
CKM unitarity-triangle angle ~ (same torus, same winding, same CP-phase convention, same
cohomology class).

> Modulus three-mechanism analysis. A (CKM absorption, < 103); B (Q-field portal, Planck-sup-
pressed 10°7); C (bulk photon KK, absent in v1.0).

* Output. Scx s = m/@* (phase); \AC&E,)| <1073
- Falsifier. F-CKM-v1 (conditional): future precision measurements reaching ~ 0.1 — 0.2% on dcx s
must confirm 68.75° + 0.14° at 50.

» Status. CLS (phase derivation + empirical validation; modulus bounded; full dgeom =  theorem is open
research direction).

Layer L12 — Flavor Budget + Kill-Switches (Paper y = FCNC v2.2)
* Input. L9, 110, L11 (trilogy backbone); L5 (Bridge); L6 (SM); Q-field structure.
« Derivation. Systematic 18-channel sweep for C}'¥ contributions to b — suu:
> 10 channels excluded/negligible (A, B, C, C’, E, F, G, H, I, J) — Planck-suppressed, forbidden by
universality, wrong-sign, or B — Xy bounded.
> 1 channel structurally closed (N) — no Oj via Anti-S-Duality.

> 4 channels partially viable (E’, K, M, P) — cumulative bound |C§" *8°™| < 0.12 post-¢ (reduced
from 0.55).

o 5 not applicable (D, L, O, Q, R) — require framework extensions not proposed.
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* Output. Geometric budget < 0.12 (=~ 11% of apparent LHCb anomaly); 4 pre-registered flavor kill-
switches.

« Falsifier. Any of the 4 flavor kill-switches violated at HiLumi-LHC 2030.
« Status. CLS + PRE.

Layer L13 — Local GR-Frame Consistency Envelope
* Input. LO-L12 (all layers), SM + GR local structure.
* Derivation (summary).

o Dominant local gravitational potential is galactic: ®,,1/ c? ~ 8.4 x 107°, not terrestrial (10~19).

o The 6D metric (eq. 3.1 below) embeds 4D GR via the gfff,D) component; the framework is “6D-met-

ric-extended GR”, not an alternative.
o Phase parameters (dcxar, OPMNS, sin? Ow): frame-invariant at leading order (topological).
o Dimensional parameters (i3, My, v; La, T5): local shift ~ 1075, well below current precisions.

o All pre-registered kill-switches verified safe at current precision.

* Metric structure referenced.
dsip = g,(ﬁjD)(a:) datda” — Lidry — Lidrs. (13.1)

Standard GR governs gfﬁ,D) on the 4D brane; compact dimensions remain asymptotic.

* OQutput. Framework is consistent with local GR at laboratory frame precision. Dominant shifts bounded
by ~ 1072,

« Falsifier. Precision measurements at < 10~° showing deviations attributable to local RG require
embedding revision.

« Status. CLS (envelope consistency layer; detailed derivation in companion internal document not
deposited here).

Note. A companion internal document (“Internal RG Frame Consistency Note”) expands the consistency check
in full detail, including parameter-by-parameter shift estimates and the explicit list of framework limits. That
note is retained internally and is not included in this Zenodo deposit; the essential conclusions are summarized
above.
Layer L14 — Bridge: Trilogy — Step 3 Euclid

* Input. L9, L10, L11 (trilogy); 1.8.4 (Step 3 pre-registration).

* Derivation. Explicit structural chain:
SM L-chirality — Anti-S-Duality (L9,L10) — 7=14i/¢ — pp — Mgy — R(M) — P(0g).

Each arrow is a theorem or verified derivation. The trilogy provides the structural backbone for the Step 3
P(0g) pre-registration: the five observables (AN/N, variance compression, skew, P(fg) antisymmetry,
Voigt stratification) are direct observational consequences of the Anti-S-Duality theorem, not
phenomenological kill-switches in isolation.

* Output. The Step 3 pre-registration gains a structural interpretation: a failure in Euclid DR1 propagates
back through the chain as a structural falsification of Anti-S-Duality (for certain signature patterns).

« Falsifier. See Part E below for the specific mappings between Step 3 observables and upstream layers.

+ Status. CLS + PRE (structural chain closed post-trilogy; observational pre-registration awaits DR1 re-
lease).
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Note. A companion internal document (“Internal Bridge: Trilogy ~ Step 3 Euclid”) provides the detailed
derivation and layer-by-layer mapping. That note is retained internally; the essential content is captured in this

section and in Part E.

PART E — Complete Falsifier Matrix (11 pre-registered kill-switches)

E.1 Flavor-sector (LHC + HiLumi)

# 1)) Observable Threshold Layer falsified
CY?| post-had-
1 F-LHC-v1 [Co™ | post-ha > 1.0 at 50 L12 budget
ronic
2 F-LHC-CPE-v1 AL < 0.005 at 50 L11 Channel E’
— L12 Ch I K
3 F-C10-v1 |ONP < 0.05 at 50 anne
concatenation
4 F-RH-v1 |CNP|, |CF| > 0.05 at 50 L9, L10 directly
> 0.14° at 50 L11 Ber
5 F-CKM-v1 |6cxm — 68.75°] (conditional on v
. holonomy
precision)
E.2 Lensing-sector (Euclid DR1, expected 2026)
# 1)) Observable Threshold Layer falsified
5 P1-Euclid AN/N significantly # L8.4, via L14 back
—-18% to L1/L5
; Bl Voigt stratification (6.6,5.5, 4.2).0 182 (p=2)
order non-monotonic
L8.1 kernel anti-
8 P3-Euclid ASkew sign flip or ~ 0 ernet ant
symmetry
L8.1+L1L8.4 -
9 P4-Euclid AVar sign-flip . .
ling
10 pE Euclid P(0g) antisym- syrr.lrnetric distri- L.9, L10 directly
metry bution viaL14
E.3 Cosmological sector (pre-existing from v1.0)
# 1)) Observable Threshold Layer falsified
> 1o off Q
HODN H ! matching g ofiSegeom |y
prediction
SPARC A ati deviation from L7
rotation curves
max 1/¢% at > 5%
deviation at >
NANOGrav 15, T3 periods 30/19 yr 10~* over long L1
baseline
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E.4 Framework-level envelope

Observable Threshold Layer falsified
framework para- observable devi-

11 RG-frame meters at ~ 107° ation from GR em- | L13
precision bedding

E.5 Summary

Total pre-registered kill-switches: 11 across 4 sectors: - 5 flavor (HiLumi-LHC 2030 horizon) - 5 lensing
(Euclid DR1, expected 2026) - 3 cosmological (ongoing) - 1 RG envelope (future ultra-precision)

The framework is committed to a multi-observable, multi-facility, multi-epoch test program.
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PART F — Complete Directed Acyclic Graph

Lo (D = 6)

L1 (K, A, T = i/9)
L2 (1/¢2 sextuple)
L

(V_NLO = 246.27 GeV)

L5 (Bridge: po = Vv-exp(-m/¢2?))
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L8.4 (P(6_E) Euclid DR1 PRE)
|
|

(from L1, L2, L5) —|

v oo

L9 (Anti-S-dual structural)
| |
v

L10 (r_phys=re(2), spin 1/2,0)
| |
v

L11 (6_CKM = m/@?, Berry)
| |
v

L12 (Flavor budget + 4 KS)

I
v

L14 (Bridge: Trilogy - Step 3)

v (conceptual closure of chain back to L8.4)

L13 (RG-frame consistency — envelope over all layers)

Verification. DAG acyclic. L.13 is an envelope consistency check, not a new computational node. Every new
layer either consumes existing v1.0 outputs or derives new quantities feeding forward. No circularity.
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PART G — Complete Status Matrix (18 layers)

Layer Name Status Primary paper Key result
Q_geom
Lo D = 6 selection THM CIv3.2 matches H, at
D=6 only
L1 7 = i/4p unique- THM CIv3.1l K unique
ness
L2 1/ sextuple THM XCVIVL.1 7 channels, re-
v P ’ sidual 0
9 t-independence
L3 g°A =27 /W THM XCIX o
+ rationality
v = 246.27
L4 THM B3-NLO 0.019% error
GeV
L5 Bridge 1 THM XCVIvl4 4-lemma proof
. sin” Oy 0.4%,
L6 SM parameters THM+CLS multiple
my 0.7%
L7 Cosmology CLS XVI corr. Hj match 0.050
L8.1 R(M) kernel THM W6-1 M.;; locked
3 independent
L8.2 p = 2 exponent CLS W6-2 .
constraints
L83 Q-sector stabil- CLS EFT-Q v1 ?o-ghost atT =
ity i/e
5 ob bl
L8.4 P(65) Euclid PRE ThetaE v1.0 oservabies
locked
Anti-S-Dual Honys / C
L9 CLS 1.4 phys
struct av Rep(SL(2,Z))
S & T phys; spin
L10 Tphys = (2 THM 1.2 P
phys ( ) B v (1/2’ O)
L11 doxm = m/* CLS evl.l 0.07% vs PDG
Flavor budget + < 0.12, ~11% of
L12 CLS+PRE Yy = FCNC v2.2
4 KS anomaly
RG frame con- Internal (summary safe at current
L13 ) CLS -
sistency above) precision
L4 'I‘r'ilogy - Step 3 CLS+PRE Internal (summary structural chain
bridge above) closed

Post-trilogy summary: 18 layers; 7 THM (unchanged since v1.0 foundation), 9 CLS (4 new from trilogy + 2

internal envelope), 2 PRE (2 additional kill-switch categories).
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PART H — Paper Index (consolidated, post-trilogy)

H.1 Core framework (Zenodo, pre-trilogy, preserved)

Papers CI v3.2, XCVI v1.4, XCIX, B3-NLO, C, XVI corrected, W6-1/2, EFT-Q, ThetaE, PMNS v1.1, LXXII
v2.0, XLI, XLIV, XLIX, LIV v1.3, XXXVI, XXV, XXVII.

H.2 Trilogy (Zenodo, 2026-04-23/24)

Paper Title Layer
Chiral Vacuum Selection and

avl.4d Anti-S-Duality in the 3D+3D L9
Framework
Closure of Anti-S-Duality:

Bvl.2 . L10
I'phys, spin structure
FCNC Wilson Coefficients:

y = FCNC v2.2 Geometric Structure from L12

Anti-S-Duality
Channel E’ Modulus Deriva-

evl.l . L11
tion + F-CKM-v1

H.3 Framework maps
Document Purpose Version

This document

Master Logical Chain — com-
plete DAG + audit

v2.0 (2026-04-24)

Master Logical Chain v1.0

Predecessor (2026-04-22)

archived on Zenodo

PART I — Empirical Inputs (declared)

Preserved from v1.0: - my = 91.1876 GeV (PDG) - HSMB = 67.78 km/s/Mpc (Planck 2018) - ,, = 0.310
(Planck) - Mp; = 2.435 x 10" GeV - Muzzin+13 SMF parameters - Collett 2015 selection function - Faber-
Jackson ary = 0.5 (Auger+2010, SLACS) - m. = 1.27 GeV, mp = 4.18 GeV (PDG) - CKM matrix elements
(magnitudes) from PDG

Added in v2.0 (post-trilogy): - SM L-chirality of weak-doublet fermions (observational fact). This is the
single new empirical input added by the trilogy. It anchors the vacuum orientation at 7 = ¢ /¢ (via Anti-S-Du-
ality Theorem of Paper (). Without this input, the framework would admit a mirror vacuum at 7 = i with op-
posite chirality convention.

PART J — Open Research Directions
These are explicitly open and documented; they do not block closure of the current framework.

1. Full proof of geo = v identification (Paper € Proposition 4.1 — theorem). Estimated: 1 dedicated paper
on differential-geometric cohomology uniqueness.

2. Mechanism B IR enhancement (Paper ¢ §9.1). Q-field infrared regime; bound expected < 10,

3. Mechanism C framework extension (Paper € §9.2). Bulk gauge fields; multi-paper project.

Master Logical Chain of the 3D+3D Framework — v2.0 9/11



4. Mechanism D subleading CKM corrections (Paper € §9.3). ~20% probability of non-trivial contribu-
tion.

5. Second-order RG embedding. Relevant at precision ~ 101%, below current accessibility.

6. Cosmic vs local anisotropy. Predicted absent at leading order; future sub-10~° direction-dependent meas-
urements test this.

PART K — Internal Coherence Audit (post-trilogy)

K.1 Link-by-link audit of new layers
(L1, L2, L5 — L9). L9 uses 7 = i/ and 1/¢? from L1/L.2; Bridge scale from L5. No silent re-derivation. v

(L9, L1, 6D Clifford — L10). L10 uses Anti-S-Duality from L9 and 6D Clifford from L1; orbifold Z; intro-
duced in Paper LIV (pre-trilogy), re-used structurally. v/

(L1, L2, L10, PMNS v1.1 - L11). Berry holonomy from PMNS Paper (pre-dating trilogy by 4 months). L11
applies to quark (1, 0) winding. v/
(L9, L10, 11, L5, L6 — L12). 18-channel flavor sweep uses trilogy outputs + SM parameters. Systematic, no

selection bias. v/

(L0-L12 - L13). Envelope consistency check: every layer’s parameters evaluated under galactic potential;
shift calculated; precision compared. Not a new derivation. v/

(L8.4, L9, L10 - L14). Bridge between Step 3 Euclid pre-reg and Anti-S-Duality theorems. Explicit
derivation chain; no new computation. v’

K.2 Compatibility

* No v1.0 result is modified. All layers LO-L8.4 retain their original formulation.
* No circularity introduced. 1.13 and L.14 are envelope/bridge checks, not computational feedback.

* No silent double-counting. Every input is declared in Part I; every THM traces to a specific paper in Part
H.

PART L — Final Statement
The 3D+3D framework as of 2026-04-24 is a complete logical system:

* Foundation (LO-L5): pure mathematics, THM-level.

+ Standard Model + cosmology (L6, L7): THM/CLS, precision-matching observations.

* Lensing sector (L.8): THM/CLS, pre-registered for Euclid DR1.

* Trilogy (L9-L12): CLS/THM, adds structural backbone for vacuum selection + flavor.

+ Consistency envelope (L13): CLS, documents GR embedding.

* Observational bridge (L14): CLS + PRE, connects trilogy to imminent Euclid DR1 test.

Eleven kill-switches pre-registered, spanning flavor physics (HiLumi-LHC 2030), strong-lensing (Euclid
DR1 2026), cosmology (ongoing), and RG-frame consistency (future).

No free parameters beyond declared empirical inputs. Every derivation traces to 7 = i/ + PDG + (newly)
SM L-chirality.

The framework has a complete derivation chain from axiom to observation, with no gap in the logical graph at
theorem-level (foundation) or verified-derivation level (phenomenology).
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License & Citation
License. Creative Commons Attribution 4.0 International (CC BY 4.0).

Citation. > Calzighetti, S. & Lucy (2026). Master Logical Chain of the 3D+3D Framework — v2.0: Post-April
2026 Trilogy Extension. Zenodo. [DOI forthcoming]

This version supersedes v1.0 (2026-04-22).

End of document v2.0

Contact: simone.calzighetti@3dplus3d.it
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