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➢Introduction

➢CPV in charmless 𝐵 decays 

➢Measurements of 𝜸 angle (backup）

➢CPV in charm

张舒楠的报告



CP violation
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CKM mixing matrix 

➢ Origin of CPV in SM: nonzero CKM weak phase
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CPV in

charm
|𝑽𝒖𝒃|𝒆

−𝒊𝜸

CPV in 𝑩 → 𝑫𝑲

（𝜂 ≠ 0 in Wolfenstein parameterization）

➢ CPV provided by the SM is short by 𝟏𝟎𝟏𝟎 to explain the Baryon 
Asymmetry in the Universe

𝑽𝒕𝒅 𝒆
−𝒊𝜷

CPV in 𝑩𝟎

−|𝑽𝒕𝒔|𝒆
𝒊𝜷𝒔

CPV in 𝑩𝒔
𝟎



Unitarity triangles
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➢ Test unitarity by measuring sides (rates, 𝑩𝒒
𝟎 mixing) and angles (CP 

asymmetries)

𝑱/𝝍𝝓
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Three types of CPV
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(“Mixing induced CP”)

(“indirect CP”)

≠
CP

CP

CP

CP

Different weak phases in 
mixing and decay

At least two interfering amplitudes with 
different strong and different weak phases

|𝑞/𝑝|2
≠ 1



CPV in charmless 𝑩 decays
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|𝑽𝒖𝒃|𝒆
−𝒊𝜸

𝑽𝒕𝒅 𝒆
−𝒊𝜷 −|𝑽𝒕𝒔|𝒆

𝒊𝜷𝒔



Charmless 𝑩 decays
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➢ Mediated by 𝒃 → 𝒖 tree and 𝒃 → 𝒅(𝒔) penguin diagrams 

with comparable magnitude and large weak phases 

➢ Expecting direct CPV

𝑉𝑢𝑏
∗

𝑉𝑡𝑞
∗



𝑩 → 𝑷𝑽 decays with Run 2 data
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➢ Quasi-two-body 𝑩 → 𝑷𝑽 decays: 𝑩± → 𝑹 → 𝒉𝟏
−𝒉𝟐

+ 𝒉𝟑
±

➢ A new method: resonances with masses below or around 1 𝐆𝐞𝐕/𝒄𝟐
Phys. Rev. D94 (2016) 054028

arXiv:2206.02038



𝑩 → 𝑷𝑽 decays with Run 2 data
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➢ A new method, without the need for amplitude analyses

➢ For 𝑩± → 𝝆 𝟕𝟕𝟎 𝑲±: 𝟔. 𝟖𝝈 differs from 0

➢ For the other channels, 𝑨𝑪𝑷 ≈ 𝟎 (CPT symmetry)

➢ More precise than the previous results

arXiv:2206.02038



Three-body charmless 𝑩 decay
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➢ Originating from long-distance hadronic interactions

 𝒇𝟎 𝟓𝟎𝟎 − 𝝆(𝟕𝟕𝟎)

 𝝅𝝅 − 𝑲𝑲

Prog. Part. Nucl. Phys. 114 (2020) 103808

➢ Localised 𝑨𝑪𝑷 in 𝑩 → 𝟑𝝅, 𝟑𝑲,𝑲𝑲𝝅,𝑲𝝅𝝅

Phys. Rev. Lett. 112 (2014) 011801
Phys. Rev. D90 (2014) 112004

arXiv:2209.02348 Phys. Rev. D 105, 093007(2022)

https://arxiv.org/abs/2209.02348


Three-body charmless 𝑩 decay with Run 2 data
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➢ Confirmed high localised 𝑨𝑪𝑷

➢ Significant 𝑨𝑪𝑷: 𝑩 → 𝟑𝝅, 𝟑𝑲 for the first time arXiv:2206.07622



Search for CPV using TPA
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➢ Triple products in Λ𝑏 rest frame
෠𝑇 = motion reversal operator

➢ ෠𝑇 − odd asymmetries:

CP-violating observable:

P-violating observable:

∝ sinΦ

∝ sinഥΦ

𝑎𝑃
෠𝑇−odd =

1

2
(𝐴 ෠𝑇 + 𝐴 ത෠𝑇)

𝑎𝐶𝑃
෠𝑇−odd =

1

2
(𝐴 ෠𝑇 − 𝐴 ത෠𝑇)



CPV in 𝑩𝟎 → 𝒑ഥ𝒑𝑲+𝝅− with Run 1&2
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arXiv:2205.08973



Measurement asymmetries in phase space regions
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➢ Two different schemes to avoid possible biases

➢ No CP and P-violation

Scheme A: 20 bins Scheme B: 40 bins

arXiv:2205.08973



CPV in charm
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CPV in charm decays, # events we need?
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➢ First observation of CP violation in charm decays in 2019 

➢ Search new sources of CP violation beyond the SM in 
charm sector

Phys. Rev. Lett. 122 (2019) 211803



The time-integrated 𝑨𝑪𝑷 in 𝑫𝟎 → 𝑲+𝑲− with Run 2 data
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➢ The time-integrated 𝑨𝑪𝑷

➢ 𝑫𝟎 from 𝑫∗+ → 𝑫𝟎𝝅+

➢ “tagging" pion to identify the flavor of the 𝑫𝟎

➢ 𝑫+ and 𝑫𝒔
+ to get 𝑨𝑷 𝑫∗+ → 𝓞(𝟏𝟎−𝟔)



The time-integrated 𝑨𝑪𝑷 in 𝑫𝟎 → 𝑲+𝑲− with Run 2 data
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➢ 𝟏. 𝟒𝝈 for 𝑫𝟎 → 𝑲+𝑲− and 𝟑. 𝟖𝝈 for 𝑫𝟎 →
𝝅+𝝅−

➢ The first evidence for direct CPV in a 
specific 𝑫𝟎 decay.

arXiv:2209.03179



Measurement of 𝑨𝑪𝑷 in 𝑫(𝒔)
+ → 𝜼(𝜼′)𝝅+ with Run 2 data
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➢ Consistent with the absence of CPV

➢ The most precise to date for these decays

arXiv:2204.12228➢ 𝑫(𝒔)
+ → 𝝓𝝅+ to get 𝑨𝑷 𝑫(𝒔)

+

𝜼 𝜼′



Summary and prospects

➢ There is no sign of CP violation beyond the SM source yet

 Charmless 𝑩 decays: two-body, three-body and four-body decay

 Search CPV in charm: 𝑫𝟎 → 𝑲+𝑲−, 𝑫(𝒔)
+ → 𝜼(𝜼′)𝝅+
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➢ Opportunities with Run 3&4 (50 𝐟𝐛−𝟏) 

 Higher precision in benchmark measurements: 𝛾, 𝛽, 𝜙𝑠, ACP, …

 Wider scope for exploitation: CPV in baryon decays, CPV in rare decays,…



Backup 
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Measurements of 𝜸 angle
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|𝑽𝒖𝒃|𝒆
−𝒊𝜸
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How to measure 𝜸 angle



Three-body D decays 𝑩± → 𝑫𝒉± with Run 1&2 data
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➢ 𝑩± → 𝑫(→ 𝑲+𝝅−𝝅𝟎)𝒉± and 𝑩± → 𝑫(→ 𝝅+𝑲−𝝅𝟎)𝒉±

➢ Partially reconstructed 𝑩± → 𝑫∗𝒉±

➢ 𝑨
𝑲𝝅𝝅𝟎
𝑲 = −𝟎. 𝟎𝟐𝟒 ± 𝟎. 𝟎𝟏𝟑 ± 𝟎. 𝟎𝟎𝟐

JHEP 07 (2022) 099



Three-body D decays 𝑩± → 𝑫𝒉± with Run 1&2 data
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JHEP 07 (2022) 099

➢ 𝑩± → 𝑫(→ 𝝅+𝝅−𝝅𝟎)𝒉±

➢ Partially reconstructed 𝑩± →

𝑫∗𝒉±

➢ 𝑨
𝝅+𝝅−𝝅𝟎
𝑲 = −𝟎. 𝟏𝟎𝟗 ± 𝟎. 𝟎𝟒𝟑 ±

𝟎. 𝟎𝟎𝟑

➢ 𝑨
𝝅+𝝅−𝝅𝟎
𝝅 = 𝟎. 𝟎𝟎𝟏 ± 𝟎. 𝟎𝟏𝟎 ±

𝟎. 𝟎𝟎𝟐



Three-body D decays 𝑩± → 𝑫𝒉± with Run 1&2 data
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➢ 𝑩± → 𝑫(→ 𝑲+𝑲−𝝅𝟎)𝒉±

➢ Partially reconstructed 𝑩± →

𝑫∗𝒉±

➢ 𝑨
𝑲+𝑲−𝝅𝟎
𝑲 = −𝟎. 𝟎𝟔𝟕 ± 𝟎. 𝟎𝟕𝟑 ±

𝟎. 𝟎𝟎𝟑

➢ 𝑨
𝑲+𝑲−𝝅𝟎
𝝅 = −𝟎. 𝟎𝟎𝟏 ± 𝟎. 𝟎𝟏𝟗 ±

𝟎. 𝟎𝟎𝟐

➢ Conbine

JHEP 07 (2022) 099



Three-body D decays 𝑩± → 𝑫𝒉± with Run 1&2 data
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JHEP 07 (2022) 099


