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CKM & CKM triangle
complex
phase

-𝑪𝑲𝑴 matrix

-𝑪𝑲𝑴 fitter
-𝑪𝑲𝑴 triangle

→ 𝐵 → 𝜋𝜋, 𝜌𝜌

→ 𝐵 → 𝐽/𝜓𝐾𝑆
0

→ 𝐵 → 𝐷𝐾

Wolfenstein parameters
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Analysis overview

• Selection
• Final state particles (𝐾, 𝜋, 𝛾, 𝑒𝑡𝑐. . )

-Continuum background rejection

• Background
• For continuum bkg. (𝑞ത𝑞 = 𝑢, 𝑑, 𝑠, 𝑐)

• Using multivariate tool (MVA)

• Signal extraction
• Energy difference: Δ𝐸 ≡ 𝐸𝐵

∗ − 𝐸𝑏𝑒𝑎𝑚
• Beam-energy-constrained mass:

𝑀𝑏𝑐 ≡ 𝐸𝑏𝑒𝑎𝑚
2 − 𝑝𝐵

∗ /𝑐 2

• 𝐸𝐵
∗& 𝑝𝐵

∗ = energy and momentum of the 
reconstructed 𝐵 in Υ(4𝑆) frame

• 𝐸𝑏𝑒𝑎𝑚 = beam energy

𝑩𝒔𝒊𝒈𝒏𝒂𝒍

𝑩𝒕𝒂𝒈

Δ𝑡

𝚼(𝟒𝑺)

Δ𝑡 = Δ𝑧/𝛽𝛾𝑐, Δ𝑧 ≈ 100 μm
𝛽𝛾= boost factor 0.29 (0.45 @ Belle)
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𝐵0 lifetime measurement

• Demonstration of
• Vertex fitting tools 
• Time resolution modeling

• Data set: 8.8 fb−1

• 𝐵0 → 𝐷∗−𝜋+ and 𝐵0 → 𝐷∗−𝜌+

• 2D fit (𝑀𝑏𝑐 & Δ𝐸) 

• Results
• 𝜏𝐵0 = [1.48 ± 0.28 𝑠𝑡𝑎𝑡. ± 0.06 𝑠𝑦𝑠𝑡. ] ps
• PDG = [1.519 ± 0.004] ps
• Belle = [1.534 ± 0.008 ± 0.010] ps (140 fb−1)

• Compatible with PDG & Belle result

arXiv:2005.07507

-𝚫𝒕 distribution

- Signal extraction
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Flavor tagging

• Determination of flavor of tag-side 𝐵
• Wrong tag fraction: 𝑤
• Tagging efficiency: 𝜖𝑒𝑓𝑓 = 𝜖𝑡𝑎𝑔 ∙ 1 − 2𝑤 2

• Results
• 𝜖𝑒𝑓𝑓 = [33.8 ± 3.6 𝑠𝑡𝑎𝑡. ± 1.6 𝑠𝑦𝑠𝑡. ]%
• Belle = [30.1 ± 0.4]% (571 fb−1)

• Good agreement with MC
• Compatible with Belle result

arXiv:2008.02707

- 𝒒 ∙ 𝒓 distribution for signal

𝑞: flavor of +1(−1) for tag-side 𝐵0( ത𝐵0)
𝑟: a dilution factor (0~1, 1= perfectly tagged)

- 𝝐𝒆𝒇𝒇 performance of the Belle & Belle II
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𝐵0 ത𝐵0 mixing frequency

• Measurement of mixing fequency Δ𝑚𝑑

• Δ𝑚𝑑 = 𝑚𝐵𝐻
0 −𝑚𝐵𝐿

0

• 𝐴𝑚𝑖𝑥 Δ𝑡 =
𝑃 𝐵 ത𝐵 −𝑃 𝐵𝐵, ത𝐵 ത𝐵

𝑃 𝐵 ത𝐵 +𝑃 𝐵𝐵, ത𝐵 ത𝐵
= cos(Δ𝑚𝑑Δ𝑡)

• Data set: 34.6 fb−1

• 𝐵0 → 𝐷−(𝐾+𝜋−𝜋−)𝜋+ candidates

• Results
• Δ𝑚𝑑 = [0.531 ± 0.046 𝑠𝑡𝑎𝑡. ± 0.013 𝑠𝑦𝑠𝑡. ] ps−1

• PDG = [0.5065 ± 0.0019] ps−1

• Belle = [0.511 ± 0.005 ± 0.006] ps−1 (140 fb−1)

• Compatible the Belle result

B2-NOTE-PL-2020-011

-𝚫𝒕 distribution

- Signal extraction
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Time-dependent mixing 
parameter (sin 2𝜙1)

• Measurement of sin 2𝜙1
• Interference between 𝐵 ത𝐵 mixing and 𝐶𝑃

eigenstate decay
• 𝑏 → 𝑐 ҧ𝑐𝑠 tree dominant decay

• 𝐴𝐶𝑃 Δ𝑡 =
𝑃( ത𝐵𝑡𝑎𝑔

0 )−𝑃 𝐵𝑡𝑎𝑔
0

𝑃 ത𝐵𝑡𝑎𝑔
0 +𝑃 𝐵𝑡𝑎𝑔

0
= sin2𝜙1sin(Δ𝑚𝑑Δ𝑡)

• Data set: 34.6 fb−1

• 𝐵0 → 𝐽/𝜓(𝑙𝑙)𝐾𝑆
0(𝜋+𝜋−), where 𝑙𝑙 = 𝑒𝑒, 𝜇𝜇

• Results
• sin 2𝜙1 = 0.55 ± 0.21 𝑠𝑡𝑎𝑡. ± 0.04 𝑠𝑦𝑠𝑡.
• PDG = 0.699 ± 0.017 (from 𝑏 → 𝑐 ҧ𝑐𝑠)
• Belle = 0.670 ± 0.0.029 ± 0.013] (711 fb−1)

• Compatible with PDG and Belle result

B2-NOTE-PL-2020-011

- Signal extraction

-𝚫𝒕 distribution
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Charmless B decays
- 𝐵 → 𝜋𝜋

• CKM angle 𝜙2
• interference between 𝑏 → 𝑢𝑑ത𝑢 tree 

and 𝑏 → 𝑑𝑞ത𝑞 penguin diagram
• 𝐵 → 𝜋𝜋 and 𝐵 → 𝜌𝜌

• Isospin method for determine 𝜙2

• 𝑆𝜋+𝜋− = 1 − 𝐶𝜋+𝜋−
2 sin(2𝜙2 + 2Δ𝜙2)

• 𝐵0 → 𝜋+𝜋−, 𝐵0 → 𝜋0𝜋0, 𝐵+ → 𝜋+𝜋0

• PDG vlue of 𝜙2 = [84.9−4.5
+5.1]°

arXiv:2009.09452

- 𝚫𝐄 distribution for 𝑩𝟎 → 𝝅+𝝅−

- 𝚫𝐄 distribution for 𝑩+ → 𝝅+𝝅𝟎
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Charmless B decays
- 𝐵 → 𝜋𝜋

• Result
• 𝐵 (𝐵0 → 𝜋+𝜋−) = 5.6−0.9

+1.0 𝑠𝑡𝑎𝑡. ± 0.3 𝑠𝑦𝑠𝑡. × 10−6

• 𝐵 (𝐵+ → 𝜋+𝜋0) = 5.7 ± 2.3 𝑠𝑡𝑎𝑡. ± 0.5 𝑠𝑦𝑠𝑡. × 10−6

• 𝐵(𝐵0 → 𝜋0𝜋0) = 0.98−0.39
+0.48 𝑠𝑡𝑎𝑡. ± 0.27 𝑠𝑦𝑠𝑡. × 10−6

• Compatible with PDG 

B2-TALK-CONF-2021-014

- 𝚫𝐄 &𝐌𝐛𝐜 &𝐌𝐕𝐀 𝐨𝐮𝐭𝐩𝐮𝐭 distribution for 𝑩𝟎 → 𝝅𝟎𝝅𝟎

5.12 ± 0.19 × 10−6

5.5 ± 0.4 × 10−6

1.59 ± 0.26 × 10−6

PDG
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Charmless B decays
- 𝐵 → 𝜙𝐾0

• Measurement of sin 2𝜙1
𝑒𝑓𝑓

• 𝑏 → 𝑠𝑞ത𝑞 penguin decay

• Results
• 𝐵 5.9 ± 1.8 ± 0.7 × 10−6

• PDG:𝐵 7.3 ± 0.7 × 10−6

• Compatible with PDG 

• TCPV study will be 
performed
• To compare with 𝐵 → 𝐽𝜓/𝐾0

arXiv:2008.03873

Data set: 34.6 fb−1

5D fit (Δ𝐸,𝑀𝑏𝑐 , 𝑀𝑉𝐴 𝑜𝑢𝑡𝑝𝑢𝑡,𝑚 𝐾+𝐾− , cos 𝜃𝐻,𝜙)
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Charmless B decays
- B → 𝐾𝜋, 𝐵 → 𝐾ℎℎ

- 𝜟𝑬 distribution for 𝑩𝟎 → 𝑲+𝝅−

- 𝜟𝑬 distribution for 𝑩+ → 𝑲+𝝅𝟎

arXiv:2009.09452

- 𝜟𝑬 distribution for 𝑩+ → 𝑲+𝑲−𝑲+

- 𝜟𝑬 distribution for 𝑩+ → 𝑲+𝝅−𝝅+
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Measurement of 𝜙3

• CKM angle 𝜙3
• interference between 𝑏 → 𝑐ത𝑢𝑠 and 𝑏 → 𝑢 ҧ𝑐𝑠

•
𝐴 𝐵−→ഥ𝐷0𝐾−

𝐴 𝐵−→𝐷0𝐾− = 𝑟𝐵𝑒
𝑖(𝛿𝐵−𝜙3)

• Dalitz-plot GGSZ analysis

• Data set: 5.15 fb−1

• Control sample: 𝐵± → 𝐷0 𝐾𝑆
0𝜋+𝜋− 𝜋±

• Results
• Control sample can be measured
• Belle =

[77.3−14.9
+15.1(𝑠𝑡𝑎𝑡. ) ± 4.1(𝑠𝑦𝑠𝑡. ) ± 4.3]°

• PDG = [72.1−4.5
+4.1]°

B2-TALK-CONF-2020-065

-𝚫𝐄 &𝐌𝐛𝐜 distribution

Due to the precision of strong phase 
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Low-momentum charged 
hadron identification

• Improvement of particle 
identification (PID)
using 𝑑𝐸/𝑑𝑥 from SVD
• Low momentum charged particle

• Main PID detectors: CDC, TOP, and 
ARICH

• 𝐷∗+ → 𝐷0(𝐾−𝜋+)𝜋+ and Λ → 𝑝𝜋

• Results
• Improvement of the overall PID 

performance in the low mentum 
region

B2-NOTE-PL-2020-028

-𝒅𝑬/𝒅𝑿 vs 𝒑𝒕 scatter plot 

- 𝝅 𝑲 𝐞𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐜𝐲 𝒗𝒔 𝑲 𝝅 𝐟𝐚𝐤𝐞 𝐫𝐚𝐭𝐞 ( 𝒑 < 𝟏 𝐆𝐞𝐕/𝐜)

MCData
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Time-dependent mixing parameter (sin 2𝜙1)

− 𝐵0 → 𝐾𝑆
0𝐾𝑆

0𝐾𝑆
0 (Belle result)

This result
(2020)

Belle
(2021) 0.71 ± 0.23

0.6 𝜎

Pure 𝑏 → 𝑠𝑞ത𝑞 penguin transition by loop diagram
→ Sensitive to new physics

𝐾𝑆
0 flight length in SVD 

PRD103, 032003
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Summary

• Measurement results to 
extract 𝐶𝐾𝑀 angles are 
comparable with Belle

• Belle II aims to collect 50 ab−1

data (Belle: ~1 ab−1)

• Improvement of detector and 
analysis tools is ongoing

Offline process is ongoing

Results presented here used 
Run 2019 + ~40% 2020a/b
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Backup
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PID performance
B2-NOTE-PL-2020-024
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𝜙3 measurement

• CKM angle 𝜙3
• Appears in the interference between 
𝑏 → 𝑐ത𝑢𝑠 and 𝑏 → 𝑢 ҧ𝑐𝑠

•
𝐴 𝐵−→ഥ𝐷0𝐾−

𝐴 𝐵−→𝐷0𝐾− = 𝑟𝐵𝑒
𝑖(𝛿𝐵−𝜙3)

• Dalitz-plot GGSZ analysis

• Data set:  62.8 fb−1

• 𝐵− → 𝐷0ℎ−, ℎ− = 𝐾, 𝜋

• Results

•
Γ 𝐵−→𝐷0𝐾−

Γ 𝐵−→𝐷0𝜋−
= [6.23 ± 0.81−0.11

+0.09] × 10−2

B2-TALK-CONF-2021-014

- Signal extraction (𝚫𝐄 and MVA for qq sup.)
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