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Strong eigenstates:  𝐾!= 𝑑𝑠̅, 𝐾! = 𝑠𝑑̅,

CP eigenstates:

Weak eigenstates:

Mixing CPV
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3 conditions required to generate a baryon asymmetry:
Period of departure from thermal equilibrium in the early 
universe. 
Baryon number violation.
C and CP violation.
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Direct CPV

9



Theoretical foundations 

Direct CPV CPV in interference between decays with and without mixing
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Theoretical foundations 

CPV in interference between decays with and without mixing
I. Adachi et al., PRL108, 171802 (2012), 1201.4643
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I. Bigi, A. Sanda
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Belle, PRL93.191802(2004)
Babar, PRL93.131801(2004)
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!"#$%&高精度的实验数据对理论计算精度
提出了相应的需求
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See Wen-bin, Pei-Lian, and Xiaodong’s talks. 



Challenges

sin(2𝛽) = 0.699 ±0.017
𝛽 = 22.2 ± 0.7 °
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Golden Channel: 𝐵 → 𝐽/𝜓𝐾!

Tree Amplitudes: 
𝑉"#𝑉"!~40×10$%
𝑎&~ 0.1 − 1

Penguin Amplitudes: 
𝑉'#𝑉'!~0.8×10$%

𝑎(~0.04
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( ) pp
p

p ffffpp ÄÄÄ+ÄÄµ® BII
B

I TFTBA A ~ ∫d4k1 d4k2 d4k3 Tr [ C(t) FB(k1) F1(k2) 
F2(k3) H(k1,k2,k3,t) ] exp{–S(t)}



Prospect:

A incomplete list of recent theoretical progress:

High Precision:

üQCD corrections

üPower corrections vs Factorization

üLow energy Inputs

ü。。。

New Observables:

ü Baryon CPV:

ü Multi-body CPV:

ü 。。。

25



高精度 = 正确 + 精确

Prospect:
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Prospect:
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PRL 127, 062002 (2021)PRL 129, 132001 (2022)

PRD 127, 062002 (2021)arXiv: 2302.09961
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BESIII: Λ → 𝑝𝜋
𝐴%& = −0.6 ± 1.4 %

[Nature Phys 2019]

BESIII: Ξ → Λ𝜋
𝐴%& = 0.6 ± 1.4 %

[Nature 2022]

LHCb: Λ' → 𝑝𝜋
𝐴%& = −3.5 ± 2.6 %

[PLB 2018]

Ø LHCb实验在重味底夸克重子过程
Λ$' → 𝑝𝜋(𝜋)𝜋(中发现了3𝜎的 CP 
破坏迹象 

Ø 我国BESIII实验上也测量到目前关
于超子CP破坏最严格的上限

Ø 虽未发现重子CP破坏，但实验精度
已经达到了 1% 量级

重子CP破坏的实验研究已取得重要进展

[Nature Phys 2017]

Prospect: Baryon CPV 28



直接CP破坏
Ø 以往寻找底重子CP破坏主要通过两

类观测量：

• 通过衰变宽度定义的直接CP破坏

• 由动量定义的三重积诱导CP破坏

Ø 但都未发现重子CP破坏

𝐶 !" = 𝑝⃗# ⋅ (𝑝⃗$×𝑝⃗%)
三重积诱导CP破坏

𝐴&' =
Γ Λ( − Γ(Λ()
Γ Λ( + Γ(Λ()

𝐴&' = 𝐴 !" − 𝐴 !"

Prospect: Baryon CPV 29



①用螺旋度振幅方法，推导底重子

衰变各类过程的角分布公式，探

讨角分布和分波等各类观测量

②结合PQCD计算振幅，指出寻找

重子CP破坏的黄金衰变道和最

佳观测量

直接CP破坏

三重积诱导CP破坏

存在更多观测量

Prospect: Baryon CPV

J.P. Wang, et.al, 2211.07332
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https://arxiv.org/abs/2211.07332


Summary

Thank you very much!

CPV in (Heavy) Quarks has played an important role in SM

Great Progresses have been made and we are entering a precision
era.

High Precision Prediction vs New Observables

Warning: Small CPV BSM vs SM Uncertainties
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