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CKM Matrix and the Unitary Triangle

flavor-changing
strength 

transition
mixing angles CP-violating

B B
• |Vub| |Vcb|

• B
• ϕ1/β ϕ2/α

• B→ππ, B→ρρ, B→J/ψπ0
𝑉𝑢𝑏

∗ 𝑉𝑢𝑑 + 𝑉𝑐𝑏
∗ 𝑉𝑐𝑑 + 𝑉𝑡𝑏

∗ 𝑉𝑡𝑑 = 0



CKM Matrix Elements
CKM Element |Vqb| 

B
|Vqb| 

CKM matrix
CKM 

element |Vqb|.

(e.g., B → πℓν, B → ρℓν, 
B → D(*)ℓν).

clean

(e.g., B → Xuℓν, B → Xcℓν)
cleaner

A long standing tension arXiv:2411.18639

https://arxiv.org/pdf/2411.18639


Angles of Unitary Triangle
Angles  ϕ1/β ϕ2/α

B
•

•

CP Violation 
• ϕ1/β: 𝑏 → 𝑐𝑐𝑑

B→J/ψπ0

• ϕ2/α: 
B→ρρ B→ππ 



Belle II and SuperKEKB

• 𝜋
•

•

• 𝜋0 

• 500 fb-1

• 𝑒+𝑒−

Υ 4𝑆

•

𝐿 = 4.7 × 1034𝑐𝑚−2𝑠−1

Υ 4𝑆 : 365 fb-1  𝟒 × 𝟏𝟎𝟖 𝑩𝑩 424 fb-1

BaBar Belle



• B→Dℓν ℓ(e, μ) D
(D→Kπ, D→Kππ)

• isospin symmetry B0 B+

• Signal variable

•

• B→D*ℓν
• 𝑒

+
𝑒

−
→ 𝑞𝑞

|Vcb| from untagged 𝐵 → 𝐷ℓ𝜈

Y = Dℓ



cosθBY w.

|𝑽𝒄𝒃| 
Bourrely-Caprini-

Lellouch (BCL)

B→ Dℓν

Preliminary|Vcb| from untagged 𝐵 → 𝐷ℓ𝜈



|Vub | from hadronic tagged 𝐵 → 𝜏𝜈

• B
• τ (~70%)
• Extra Event:

• → 𝑬𝑬𝑪𝑳
𝒆𝒙𝒕𝒓𝒂

• 𝑝𝑚𝑖𝑠𝑠 = 𝑝𝑏𝑒𝑎𝑚𝑠 − 𝑝𝐵𝑡𝑎𝑔
− 𝑝𝑡𝑟𝑎𝑐𝑘 − 𝑝𝑅𝑂𝐸

•

•



σ

|𝑽𝒖𝒃| 
𝑓𝐵 = 190.0 ± 1.3

𝑉𝑢𝑏 𝑒𝑥𝑐𝑙. = [3.43 ± 0.12] × 10−3

𝑉𝑢𝑏 𝑖𝑛𝑐𝑙. = 4.06 ± 0.16 × 10−3

: arXiv:2502.04885 

|Vub | from hadronic tagged 𝐵 → 𝜏𝜈

https://arxiv.org/abs/2502.04885


CPV measurements at B factories
𝑩ഥ𝑩Continuum

Tag side 
vertex

Sig side 
vertex

Beam Spot constraint

Υ(4S)

PRD 110, 012001 (2024)

•

• B0  

[PRD 110, 012001 (2024)]
• Graph-NN (31.7%→ 37.4%)

• 𝐵0𝐵0 Δt
• Δt

𝜟𝑬 = 𝑬𝑩
∗ − 𝑠/2

𝑀𝑏𝑐𝑐2 = 𝑠/4 − (𝑝𝐵
∗ 𝑐)2

https://doi.org/10.1103/PhysRevD.110.012001


𝜙2  from 𝐵0 → 𝜌+𝜌−

𝜙 𝐵0 → 𝜌+𝜌− 

CP direct CP violation (C) mixing induced 
CP violation (S). B0→ρρ ϕ2

2π0

P→VV

𝓑

4 photons



𝜙2  from 𝐵0 → 𝜌+𝜌−: Results

Signals are discriminated from backgrounds via Mbc and
ΔE

436±35
Δt CP

• ~8% ϕ2

B→ρρ isospin analysis

Phys. Rev. D 111, 092001, 2025

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.092001


Conclusions

CKM structure 

world leading results unique 
measurements 

• B→π0π0  at Belle II→ Phys. Rev. D 111, L071102 (2025)
• B0→J/ψπ0 at Belle II → Phys. Rev. D 111, 012011 (2025)
• B± → DCP±K

± at Belle and Belle II → JHEP05(2024)212
• B0→KSπ0γ at Belle II → PhysRevLett.134.011802 (2025)
• B0→η’KS at Belle II → PhysRevD.110.112002 (2024) Stay tuned for other 

important results from 
Belle II people

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L071102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.012011
https://link.springer.com/article/10.1007/JHEP05(2024)212
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.011802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.112002


That’s all!
Thanks for the attention



Backup Slides



Hadronic Tag at B factories

missing energy
inclusive

𝐵𝐵 high purity

direction of the
signal B meson

𝑒+𝑒−

π π

KB→ℓν
B→Kττ
B→Kτℓ
B→Kνν
B→Dℓν
B→πℓν
B→ρℓν

Energia Mancante

B→XSγ
B→XSνν
B→Xℓν
B→Xuℓν
B→Xτν

Canali Inclusivi
Misure di Precisione

|Vub|
|Vcb|
R(D)
R(D*)

Y(4S)

Bsig

Btag

π



𝜙2  from 𝐵0 → 𝜋0𝜋0 decays

CP
B0→π0π0

ϕ2 B→ππ

2π0 i.e.

126±20

ACP

• ~30% ϕ2

B→ππ

: PRD 111, L071102

https://link.aps.org/doi/10.1113/PhysRevD.111.L071102


Missing Energy decays at Belle II

Full Event Interpretation

𝐵

𝐵𝑡𝑎𝑔

𝐵𝑠𝑖𝑔

𝐵𝑡𝑎𝑔

Efficiency

Purity

https://link.springer.com/article/10.1007/s41781-019-0021-8
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