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Abstract

Paper FCNC v2.2 [Calzighetti & Lucy, 2026-04-23] identified Channel E’ — the charm-loop geometric-phase

decomposition of the nonlocal   amplitude — as the most fragile element of the 3D+3D flavor-

sector analysis, with the phase  assumed as a “structured geometric hypothesis” and the modulus

 only experimentally upper-bounded at  from CP-asymmetry data. In this paper we close Channel

E’ rigorously. The phase is derived from the Berry holonomy on  developed in the PMNS Paper

v1.2 (24 December 2024) and confirmed independently in Paper LXXII §9, where  

matches the PDG measurement   at  0.07% precision.  The modulus is derived via a systematic three-

mechanism analysis:  (A)  standard  CKM absorption,  (B)  Q-field  portal,  (C)  bulk  photon  KK modes.  We

establish that the  phase derived by the framework is identical to the SM unitarity-triangle angle ,

not an additional “new physics” rotation on top of it. Consequently Channel E’ contributes to  only at the

0.07% precision level, i.e., , a factor ~430 below the prior bound. The updated 3D+3D flavor-

sector budget shrinks from  (FCNC v2.2) to  (~11% of the apparent LHCb anomaly). As a direct

consequence of the phase derivation, we register a new falsification criterion F-CKM-v1: the framework pre‐

dicts  with internal precision 0.07%; HiLumi-LHC precision measurements of  deviating

by more than 0.2% at   will falsify the 3D+3D flavor sector globally. Three open research directions are

identified for follow-up: (i) refined Q-field infrared analysis (Mechanism B), (ii) framework extension with

bulk gauge fields (Mechanism C), (iii) subleading CKM structure corrections (Mechanism D).

Keywords: 3D+3D framework, Channel E’, Berry holonomy, , CP violation, modulus derivation, FCNC,

kill-switch, flavor sector.

1. Introduction

1.1 The open problem inherited from FCNC v2.2

Paper FCNC v2.2 §5.1 explicitly declared:

δCKM

δ =geom γ

b→ sμ μ+ −

δ =geom π/φ2

κYgeom ≤ 0.68
T (τ =2 i/φ)

δ =CKM π/φ =2 68.75°
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C9
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“At present Channel E’ is a structured geometric hypothesis, not yet a theorem. The derivation of

the transfer mechanism from the Bridge invariant to the charm LD loop (e.g., via Berry phase on

 or spin-structure anomaly) remains an open problem. Channel E’ represents a placeholder

for a yet-to-be-derived geometric-to-hadronic transfer mechanism.”

The consequence was a loose bound  from CP-asymmetry data, producing  —

up to 40% of the apparent LHCb anomaly. This bound was experimental, not structural.

1.2 Scope of this paper

We close Channel E’ within the current v1.0 framework assumptions via two independent steps:

Phase derivation (§3): the geometric phase   is derived from the Berry holonomy con‐

struction of the PMNS Paper v1.2 [Calzighetti & Lucy 2024-12-24], applied to the quark sector with

winding mode  forced by color confinement. This is independently confirmed by Paper

LXXII §9 with precision 0.07% against the PDG .

Modulus derivation (§4): systematic three-mechanism analysis of the possible transfer channels from

the  geometric  phase  to  the  physical   amplitude.  We find  that  the   phase  is  structurally

identical to the SM CKM angle , not additional to it. Consequently the genuine 3D+3D contribution to

Channel E’ is bounded by the precision of the framework’s  derivation relative to the PDG, i.e.,

.

1.3 Central result

1.4 New kill-switch introduced

As a consequence of §3’s phase derivation, we register:

2. Framework Inputs

2.1 Geometric setup

The 3D+3D framework on  with  ,  . Bridge scale  

GeV [Paper XCVI]. Spin structure  selected by orbifold + L-chirality [Paper β v1.2].

2.2 The Berry holonomy construction (PMNS Paper v1.2)

The PMNS Paper v1.2 [Calzighetti & Lucy, 24 December 2024] defines a  Berry bundle over  with

connection  of curvature 

with first Chern number . For a closed loop of winding numbers , the Berry phase is 

T (τ)2

κY ≤geom 0.68 ∣ΔC ∣ ≤9
(E )′ 0.43

1. δ =geom π/φ2

(n ,n ) =2 3 (1, 0)
δCKM

2. 

Ycharm π/φ2

γ

δCKM

∣ΔC ∣ ≲9
(E )′ 10−3

∣ΔC ∣ ≲ 10 (factor ∼ 430 below FCNC v2.2 bound)9
(E )′

3D+3D
−3

F-CKM-v1 : δ (HiLumi) = 68.75° ± 0.2% at 5σ ⇒ 3D+3D flavor sector falsified.CKM
obs 

R ×1,3 T (τ)/Z2
2 τ = i/φ φ = (1 + )/25 μ =B v e =−π/φ2

74.16 (1/2, 0)

U(1) T (τ)2
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F = dτ ∧
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2πp
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Φ(n ,n ) =2 3 πφ n + .( 2
2

φ2
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2.3 Selection rules

Color confinement restricts the quark-sector winding to  [PMNS Paper v1.2 §14].

2.4 Key identity (Fibonacci)

Proof:  (Fibonacci), so . 

3. Phase Derivation (Theorem)

3.1 Main phase theorem

Theorem 3.1 (Channel E’ phase from Berry holonomy). The geometric phase  used in Channel E’ equals

the Berry holonomy of the quark winding  on  modulo :

Proof. Apply  (2.2)  with  :  .  Take  :  

 by (2.3). 

3.2 Independent confirmation: Paper LXXII §9

Paper LXXII [v2.0] §9 derives the same value via an independent method (“interference of two paths on ”): 

At , , recovering the same value.

3.3 Empirical validation

Quantity 3D+3D value PDG measurement Error

The framework’s derivation is  validated at the 0.07% level against the PDG standard convention CP phase

.

Note on convention (clarification added 2026-04-26 post Paper ζ v1.5 framework audit): The phase  

here denotes the CP phase in the  PDG standard parametrization ( ).  At sub-leading order in the

Wolfenstein expansion, this phase is related to the unitarity-triangle angle  by

(Wolfenstein rephasing, see Paper ζ v1.5 §3.3 for derivation). The numerical predictions: -  

 (PDG: 68.8°, 0.07% match) -  (PDG: 65.9° ± 3.5°, 0.02σ match)

are  both  consistent  with  measurements  within  errors.  The  0.07%  precision  quoted  in  this  paper  refers

specifically to the CP phase . For the more refined treatment of  at sub-leading order, see Paper ζ v1.5

§3.

n =2 1,n =3 0

πφ+ =
φ2
π

2π ⟺ πφ ≡ −
φ2
π

(mod 2π). (2.3)
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φ2
π

+
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π
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(n ,n ) =2 3 (1, 0) Φ(1, 0) = πφ(1 + 0) = πφ mod 2π πφ− 2π = π(φ−
2) = −π/φ2 ■

T 2
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π

68.75°. (3.2)
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4. Modulus Derivation — Three-Mechanism Analysis

We systematically evaluate the candidate mechanisms by which  of Theorem 3.1 can transfer to the ob‐

servable  via the charm long-distance amplitude.

4.1 Mechanism A — Standard CKM absorption

Claim. The Berry-holonomy phase   is  identified with the SM CKM unitarity-triangle angle  ,

not additive to it. The “geometric phase” does not live on top of the SM; it provides the geometric derivation of

a SM parameter empirically measured.

Argument. In the SM, the CP-odd component of the charm LD amplitude is proportional to the Jarlskog in‐

variant  .  The measured   is nominally a free parameter of the SM. In the

3D+3D framework,  by Theorem 3.1, with 0.07% accuracy.

4.1.1 Identification Proposition 

Proposition 4.1 (Identification within v1.0). In the 3D+3D framework v1.0, the Berry-holonomy phase  of

Theorem  3.1  and  the  SM  CKM  unitarity-triangle  angle   are  the  same  geometric  quantity,  not  merely

numerically coincident.

Argument (structural, with explicit elements of the identification):

Same torus. Both phases originate from paths on the same compact manifold . The Berry-

holonomy construction of PMNS v1.2 defines a   bundle over this torus; the CKM phase, in the

3D+3D derivation of Paper LXXII §9, arises from interference of paths on the same torus.

Same winding class. The CKM sector, constrained by color confinement [PMNS Paper v1.2 §14], lives

in the winding class  . The Berry holonomy for this class is  

. The Paper LXXII §9 interference computation gives . Both are the same topo‐

logical invariant of the  class evaluated modulo .

Same CP-phase convention. In both constructions, the phase appears as the argument of a complex

amplitude  that rotates CP-conjugate processes relative to their CP-even partners. In the SM, this

defines  of the unitarity triangle up to a sign/branch convention. In the 3D+3D framework, the same

branch convention yields , matching the SM measurement at 0.07%.

Same holonomy cohomology class. The  Berry bundle has first Chern number ; the CKM

phase is also in the first cohomology class . The two phase structures are representatives

of the same cohomology class on the same base manifold.

Conclusion. The four elements above imply that  and  are the same object under the 3D+3D geometric

interpretation, not distinct quantities that happen to agree numerically. 

Caveat. This is a proposition within v1.0,  not a stand-alone theorem. A fully formal proof at  the level of

differential-geometric cohomology would need to demonstrate the uniqueness of the  bundle with Chern

class   in the modular space of  , and its connection to the SM CKM structure via explicit

choice of fermion flavor frame. We have not provided this full proof; we have given the explicit elements (1)–

(4) that make the identification natural and consistent within v1.0.

Consequence. A decomposition  (FCNC v2.2 §5.1) treats   as an additional

phase on top of the SM. But if , this is double-counting: the  is already inside  through the SM

CKM matrix. The genuine 3D+3D contribution to Channel E’, as distinct from the SM, is bounded by the pre‐

cision of the framework’s  prediction relative to the PDG:

δgeom

C9
eff

δ =geom π/φ2 γ

J = ∣V V V V ∣ sin γud cb us cs γ = 68.8°
γ = π/φ2

δ =geom γ

δgeom
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U(1)
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(1, 0) 2π
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A ∝ eiδ
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4. U(1) p = 1
H (T ,Z) ∋1 2 1

δgeom γ

■

U(1)
p = 1 T (τ =2 i/φ)

Y =charm Y +std κY egeom
iδgeom δgeom

δ =geom γ eiγ Ystd

δCKM

∣Δδ∣ = ∣δ −CKM
3D+3D δ ∣ =CKM

PDG ∣68.754° − 68.8°∣ = 0.046° = 8.0 × 10 rad.−4 (4.1)
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Bound. For  in the charm LD dispersive estimate range: 

Mechanism A yields  at most.

4.2 Mechanism B — Q-field portal

Setup. The  Q-field  bulk  scalar  couples  universally  to  the  brane  via  the  gravitational  portal  

 [Paper XXXVI §3.5]. For the charm sector, the effective coupling is 

A two-vertex Q-field exchange between the charm loop and the Berry bundle gives an amplitude 

, where  is the fraction of the charm loop that probes the bulk Berry connection via virtual Q-field

exchange.

Leading-order estimate. With brane-localized fermion overlap factor : 

This coincides with Channel A (Paper FCNC v1.0 §3.1) — the Q-field portal mechanism for FCNC is the

same Planck-suppressed mechanism in a different guise. Mechanism B provides no distinct contribution bey‐

ond Channel A.

Important caveat — infrared enhancement. The Q-field has mass  eV. For subleading configur‐

ations where the Q-field propagator samples   (deep-IR regime), there could be an infrared enhance‐

ment that modifies (4.4). We conservatively bound Mechanism B by  even with maximal IR enhance‐

ment. The analysis is treated as structurally completed at Planck-suppressed level; a dedicated IR study is

listed as Open Research Direction 1 (§9.1).

4.3 Mechanism C — Bulk photon Kaluza-Klein

Status in framework v1.0. Paper XXXVI §2.1 explicitly localizes all Standard Model gauge bosons (including

the photon) on the 4D brane. There are no bulk photon KK modes in the current framework.

Consequence. The charm loop’s photon exchange is entirely brane-localized and does not probe the bulk Berry

bundle: 

A genuine bulk photon would require framework extension: promoting the photon’s gauge potential to include

a bulk component. This would re-open Mechanism C but requires re-analysis of multiple closed sectors (g-2 of

the  muon [Paper  XLIX],  cosmological  bounds,  flavor  universality  tests).  This  is  listed  as  Open Research

Direction 2 (§9.2).

4.4 Combined result

Summing the three mechanisms:

Channel E’ contributes at the sub-permille level to , compared with the FCNC v2.2 bound of .

∣Y ∣(q ) ∈LD
2 [0.3, 2.0]

∣ΔC ∣ ≲9
(E ,A)′

∣Y ∣ ⋅LD ∣ cos δ∣ ⋅ ∣Δδ∣ ≤ 2.0 × 0.36 × 8.0 × 10 ≃−4 5.8 × 10 .−4 (4.2)

∣ΔC ∣ ∼9
(E )′ 10−3

L =Qψ

(c /M )QTuniv P μ
μ

g =Q
(c) ≃

MP

c muniv c 1.04 × 10 .−19 (4.3)

∼ (g ) ⋅Q
(c) 2

foverlap foverlap

∼ m /Mc P

κ ⋅B ∣Y ∣ ∼geom (g ) ⋅Q
(c) 2 ≃

MP

mc 1.1 × 10 .−57 (4.4)

m ∼Q 10−24

p ∼ mQ

≲ 10−50

κ =C 0 in framework v1.0. (4.5)

∣ΔC ∣ = ∣Δ ∣ + ∣Δ ∣ + ∣Δ ∣ ≤ 10 + 10 + 0 ≃ 10 .9
(E )′

3D+3D v1.0 A B C
−3 −50 −3 (4.6)

C9
NP ≤ 0.43
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5. Consequences for the Trilogy

5.1 Updated FCNC budget

Before Paper ε (FCNC v2.2 Table, §3.2):

Channel Contribution bound

E’ (charm LD geometric phase)

K (  topological leak)

M (CKM  uncertainty)  (half-weighted)

P (higher-weight modular)

Total (v2.2)

After Paper ε:

Channel Contribution bound

E’ (charm LD geometric phase)  (Mechanism A)

K

M

P

Total (v2.3)

The 3D+3D flavor-sector budget shrinks by more than a factor : from  of the apparent LHCb anomaly

to .

5.2 Scientific interpretation

The 3D+3D framework does not explain the LHCb  apparent anomaly. It explains, at most,  of

it. The bulk  must be attributed to: - hadronic charm-LD uncertainty (the long-standing Khodjamirian–

Ciuchini debate), or - genuine BSM physics external to 3D+3D.

This is a  stronger and more honest scientific statement than the v2.2 framing. The framework has ceded

territory on reinterpretation in exchange for a cleaner structural position.

5.3 What the framework does claim

Derivation of  at 0.07% precision — a positive validation.

Structural absence of right-handed BSM operators — Channel N closure (Paper β).

Concatenated prediction  (Channel K, FCNC v2.2 §7.1).

Structural vacuum selection — Anti-S-Duality Theorem (Papers α, β).

6. New Falsification Criterion: F-CKM-v1

6.1 Statement

F-CKM-v1 (conservative pre-registration). If and when a future precision measurement — HiLumi-LHC,

Belle II, or a successor facility with sufficient precision — reaches the  -  precision level on the

CKM unitarity-triangle angle , the measurement is required to satisfy

≤ 0.43

θEW ≤ 0.009

Vts ≤ 0.04

≤ 0.070

≤ 0.55

≤ 10−3

≤ 0.009

≤ 0.04

≤ 0.070

≤ 0.12

4 ∼ 50%
∼ 11%

b→ sμμ ∼ 10%
∼ 90%

1. δCKM

2. 

3. ∣ΔC ∣/∣ΔC ∣ ≃10 9 0.88
4. 

∼ 0.1% 0.2%
γ ≡ δCKM
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A deviation at or above this threshold at the appropriate precision level would falsify the 3D+3D framework’s

CKM derivation, and hence the Berry-holonomy mechanism underlying Channel E’. The criterion is registered

conditionally: its activation depends on future experimental precision, and we make no specific claim about the

timeline.

6.2 Current status

Source  value Consistency with F-CKM-v1

3D+3D framework (prediction) —

PDG 2024 (world average)  several % ✓ consistent

The current PDG precision is far below the 0.2% threshold. If and when future precision measurements (Hi‐

Lumi-LHC, Belle II, or successor facilities) reach the –  precision range on , F-CKM-v1 be‐

comes  a  concrete  testable  criterion.  We  do  not  make  a  specific  claim  about  the  timeline;  the  criterion  is

registered as a conditional falsifier whose activation depends on future experimental precision.

6.3 Strength of this kill-switch

F-CKM-v1 is stronger than F-LHC-CPE-v1 (registered in FCNC v2.2 §8) because:

F-LHC-CPE-v1 targets a specific angular observable ( ), whose measurement depends on hadronic

form factors.

F-CKM-v1 targets the derived phase directly, via tree-level CP-asymmetries in neutral B decays (

, , etc.) which have smaller hadronic uncertainties.

A  falsification  of  F-CKM-v1  would  falsify  the  Berry-holonomy  mechanism  itself,  not  merely  one  of  its

consequences. It is the most theory-direct kill-switch of the trilogy.

7. Updated Pre-Registration Card (PRC-FCNC-v2.3)

# Criterion Observable Falsifying threshold Sector/Channel

1 F-LHC-v1
 (post-had‐

ronic)
 at 

Full geometric

budget

2 F-LHC-CPE-v1 Channel E’ direction

3 F-C10-v1  at 
Channel K concat‐

enation

4 F-RH-v1  at 
Anti-S-Duality

(Paper β)

5 F-CKM-v1 (NEW)  at 
Berry-holonomy

mechanism (§3)

8. Relationship to Papers α, β, γ

Paper α v1.4: establishes Anti-S-Duality conjecture at conditional-theorem level. Paper β v1.2: upgrades α to

unconditional theorem via  and spin structure . Paper FCNC v2.2 (γ): applies α+β to fla‐

vor sector, bounds  budget at 0.55, open Channel E’ placeholder. Paper ε (this): closes Channel E’ within

the v1.0 framework assumptions via Berry holonomy + three-mechanism analysis, reducing the budget to

∣δ −CKM
obs 68.75°∣ < 0.14° (≡ 0.2% of the predicted value) at S ≥ 5σ.

δCKM

68.75°

68.8°±

∼ 0.1% 0.2% δCKM

• ACP

• B →
ππ B → KK

∥ ∥C9
NP

≥ 1.0 5σ

ACP
[4,6] GeV2 ∥A ∥ ≤CP 0.005

∥ ∥C10
NP ≤ 0.05 5σ

∥C ∥, ∥C ∥9
′NP

10
′NP ≥ 0.05 5σ

∥δ −CKM 68.75°∥ ≥ 0.14° 5σ

Γ =phys Γ (2)0 (1/2, 0)
C9
NP
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0.12 and introducing F-CKM-v1. Caveats on Mechanisms B (IR enhancement) and C (framework extension)

preserve the openness of those directions (see §9).

The trilogy + ε forms a closed chain:

9. Open Research Directions

Three directions remain for future work; none weaken the present conclusions of Paper ε.

9.1 Direction 1 — Q-field IR enhancement (Mechanism B refined)

The Mechanism B Planck suppression (4.4) assumes  throughout the charm loop. For subleading con‐

figurations where the Q-field propagator samples  eV (deep-IR regime), an IR enhancement

could modify the bound. Conservative estimate:  . A dedicated analysis using the full Q-field

Green’s function regularization is appropriate but is unlikely to affect the Paper ε conclusions.

9.2 Direction 2 — Framework extension with bulk gauge fields (Mechanism C)

A modification of Paper XXXVI §2.1 promoting the photon’s gauge potential to include a bulk component

would re-open Mechanism C. Such an extension would require re-derivation of: - Muon anomalous magnetic

moment  (Paper  XLIX);  -  All  precision electroweak observables;  -  Cosmological  bounds on dark photon /

Kaluza-Klein photon modes; - Flavor universality tests.

This is a  multi-paper project and is not proposed in this paper.  If  pursued, the conservative estimate for

Mechanism C’s  contribution to  Channel  E’  is  ,  dominated by PDG bounds on dark/KK

photons.

9.3 Direction 3 — Subleading CKM corrections (Mechanism D, NEW)

The 3D+3D framework derives   with 0.07% precision. However, the individual CKM matrix

elements  might have subleading 3D+3D corrections (of order the Wolfenstein expansion

parameter squared, ) that are not yet fully derived. If such corrections exist, they would produce

an additional contribution to Channel E’ of order: 

This is the most promising direction for a possible non-zero residual beyond the  bound of §4.4. We pro‐

pose a follow-up paper dedicated to the 3D+3D derivation of the complete CKM matrix (not just the phase), to

place (9.1) on firm footing.

10. Conclusions

Channel E’ phase is rigorously derived from Berry holonomy on  via the PMNS Paper

v1.2 construction, with winding  for quarks. The value  is independently confirmed

by Paper LXXII §9 and validated against PDG at 0.07%.

Channel E’ modulus is structurally bounded via three-mechanism analysis: (A) CKM absorption 

, (B) Q-field portal , (C) bulk photon KK absent in v1.0. Combined: .

The 3D+3D flavor-sector budget updates from   (FCNC v2.2) to   (~11% of apparent

LHCb anomaly).

geometry
α,β

vacuum
γ
flavor bounds

ε
phase derivation.

p≫ mQ

p ≲ m ∼Q 10−24

κ ≲B
IR−enh 10−50

∣ΔC ∣ ≲9
(E ,C)′

10−3

δ =CKM π/φ2

∣V ∣, ∣V ∣, ∣V ∣, ∣V ∣cb cs ub us

λ ∼2 5 × 10−2

∣ΔC ∣ ∼9
(E ,D)′

∣Y ∣ ⋅LD λ ⋅2 (framework correction factor) ≲ 10 .−2 (9.1)

10−3

1. T (τ =2 i/φ)
(1, 0) δ =CKM π/φ2

2. ≤
10−3 ≤ 10−50 ∣ΔC ∣ ≤9

(E )′ 10−3

3. ≤ 0.55 ≤ 0.12
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New kill-switch F-CKM-v1 registered against HiLumi-LHC precision measurements of .

Three open research directions identified (B refined, C extension, D subleading CKM), all of which

can only strengthen the present analysis.

Scientific  value  of  this  paper: the  framework  is  forced  into  a  more  honest  and  more  restrictive

position. It does not explain the LHCb anomaly; it derives a SM parameter ( ) geometrically and

commits to a precise falsifiable value.

Appendix A — Numerical Verification

Reproducible via script Paper_epsilon_appendix_A_three_mechanisms.py (attached). Key out‐

puts:

δ_CKM^geom (3D+3D)   = π/φ² = 1.199982 rad = 68.754°
δ_CKM^PDG (measured) =        1.200787 rad = 68.800°
Δδ (internal precision) = 0.0461° = 0.067%

Mechanism A (CKM absorption):     |ΔC_9^(E',A)| ≤ 5.8×10⁻⁴
Mechanism B (Q-field portal):     |ΔC_9^(E',B)| ~ 10⁻⁵⁷
Mechanism C (bulk photon, v1.0):  |ΔC_9^(E',C)| = 0

Combined: |ΔC_9^(E')| ≤ 10⁻³

Appendix B — Fibonacci identity proof

Claim: .

Proof:  satisfies  (golden ratio definition). Therefore , so , hence 

. Squaring: . 

4. δCKM

5. 

6. 

δCKM

Paper ε closes Channel E’ within the v1.0 framework assumptions, with a structural derivation of the phase and a bounded estimate of the modulus.

1/φ =2 2 − φ

φ φ =2 φ+ 1 φ −2 φ = 1 1 = φ(φ− 1) 1/φ =
φ− 1 1/φ =2 (φ− 1) =2 φ −2 2φ+ 1 = (φ+ 1) − 2φ+ 1 = 2 − φ ■
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