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Introduction 
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重子的不对称性 
萨哈罗夫要件 
• 重子数守恒的破坏。 
• 电荷共轭对称与CP对称的破坏。 
• 在热力学平衡之外的交互作用。 

https://zh.wikipedia.org/wiki/%E9%87%8D%E5%AD%90%E6%95%B8
https://zh.wikipedia.org/wiki/%E9%87%8D%E5%AD%90%E6%95%B8
https://zh.wikipedia.org/wiki/%E9%9B%BB%E8%8D%B7%E5%85%B1%E8%BB%9B%E5%B0%8D%E7%A8%B1
https://zh.wikipedia.org/wiki/CP%E7%A0%B4%E5%A3%9E
https://zh.wikipedia.org/wiki/CP%E7%A0%B4%E5%A3%9E
https://zh.wikipedia.org/wiki/%E7%86%B1%E5%8A%9B%E5%AD%B8%E5%B9%B3%E8%A1%A1
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极化在BESIII探测超子-反超子对称性中的应用 

CP odd-variable: 

𝛼 =
𝐵+

2 − 𝐵−
2

𝐵+
2 + 𝐵−

2
, 

𝛼  =
𝐵 +

2 − 𝐵 −
2

𝐵 +
2 + 𝐵 −

2
 

CP invariance :  
𝐵 −𝜆𝑝 = 𝜂Λ𝜂𝑝𝜂𝜋 −1 𝑠Λ−𝑠𝑝−𝑠𝜋𝐵𝜆𝑝

= −𝐵𝜆𝑝 

    𝛼 = −𝛼  
 

Δ =
Γ − Γ 

Γ + Γ 
, 𝐴 =

𝛼 + 𝛼 

𝛼 − 𝛼 
, 𝐵 =

𝛽 + 𝛽 

𝛽 − 𝛽 
, 𝐵′ =

𝛽 + 𝛽 

𝛼 − 𝛼 
   

𝐏Λ  

𝐏Λ  

𝐏𝑝  

𝐏p  𝐏𝑝 

𝐏𝑝 

𝐏Λ   

𝐏Λ   

𝐩𝜋+ 

𝐩𝜋+ 𝐩𝜋− 

𝐩𝜋− 

See talk by Wang XiongFei 



超子-反超子对产生的特点 
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• 超子-反超形成纠缠态 • 超子-反超的横向极化 

𝜼𝒄 𝐬𝐩𝐢𝐧: 𝟎 =
𝟏

𝟐
| ↓↑〉 + ↑↓   )   

Nature Physics, 15, 631 (2019) 

Phys. Rev., D101, 116004 Found. Phys., 11, 171 

Λ Λ  

𝜂𝑐 
| ↓〉 | ↑〉 

| ↑〉 | ↓〉 



历史上的束流横向极化研究 
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• A interest in motion of spinning electron arose in the 1920’s out of attempts to explain the anomalous effect. 

• Theoretical discovery of radiative polarization was due to Sokolov and Ternov in 1963. 

• Synchrotron radiation induces transverse polarization in the beam in storage rings, initially thought to be a 

free gift from nature, but it was later proven that nature is not so generous [Sov.  Phys. Doklady, 10, 1145 

(1965) ].  

•  First experimental test of radiative polarization with the ACO storage ring at Orsay (1968) and in VEPP-2 

(1970) 

• Further experimental results approaching the theoretical limts of 92.4% achieved at Osay storage ring and 

VEPP-2m (1976)     

Phys.Rev.Lett., 35, 1688(1975) 

SPEARII exp.  

𝒆+𝒆− → 𝝁+𝝁− 

Phys.Rev.Lett., 35, 1688(1975) 

𝑑𝜎𝜇+𝜇−

𝑑𝜙
∝ 𝑃𝑡

2 sin2 𝜃 cos 2𝜙     

Polarization buildup in VEPP-2M 
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束流的横向极化建立 

B𝐞𝐧𝐝𝐢𝐧𝐠 𝐦𝐚𝐠𝐧𝐞𝐭𝐢𝒄，𝐯𝐞𝐫𝐭𝐢𝐜𝐚𝐥 𝐝𝐨𝐰𝐧𝐰𝐚𝐫𝐝𝐬： 
𝑩 = 𝟎. 𝟕𝟔𝑻 

Spin-flip transition:  magnetic dipole 

Spin-orbit interaction: semiclassical 

 𝒆−   𝒆+  

𝐔 =  −𝛍𝐬 ⋅ 𝑩 = −μsz𝐵 

能级间隔：ΔE = 2μB𝐵 = 4.4 × 10−5 𝑒V 

Naive 
picture 

γ* 

γ* 



    For initially unpolarized electrons or positrons in 

storage ring, there is a gradual buildup of transverse 

polarization. 

 

where the maximum polarization is  

 

And the characteristic time is 
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𝜏0 =
5 3

8
 
𝑒2ℏ𝛾5

𝑚2𝑐2𝜌3

−1

 

𝑃 𝑡 = 𝑃0(1 − 𝑒−𝑡/𝜏0)  

𝑃0 =
8

5 3
≈ 92.4% 

Self-polarization:  

• The electron spins antiparallel to 

the magnetic field.  

• The positron spins become parallel 

to the field. 

e+ e- 

Transverse polarized 

B 

束流的横向极化建立 

The emission of synchrotron radiation could lead to transverse 

 polarization of the beam in electron positron storage rings. 

  (Sokolov Ternov effect, 1964) 
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Rho ~ 9.3 m    R ~ 38 m 

BEPCII beam polarization 



Simulation from accelerator side 
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Assume an initial unpolarized beam stays in the 

ring for 1 hour, the final beam polarization level is   

P(t) = PDK ( 1 – exp( - t / τDK ) 

Slides from Zhe Duan 



Measurement with 𝑒+𝑒− → 𝛾𝛾, 𝑒+𝑒−, 𝜇+𝜇− 
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Charmonium data sets 

•  10 × 109 𝐽/𝜓 decays 

 

•  2.7 × 109 𝜓 3686  decays 

 

•  20 fb−1 𝜓(3770) decays 

 

• Scan data between 2.0 and3.08 

GeV, and above 3.74GeV 

 

• Large datasets for XYZstudies: 

Scan with >500𝑝𝑏−1 per energy 

point space 10-20MeV apart 
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束流横向极化下的QED过程的角分布 
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𝒆+𝒆− → 𝒆+𝒆− 𝒆
+
𝒆
−
 →  𝝁

+
𝝁

−  𝒆
+
𝒆
−
 →  𝜸𝜸 

High sensitivity 

Small oscillation from transverse 

polarization locates above the large 

platfrom.  

Similar to dimu 

K. Hikasa, PRD33,3203(1986) 

Erratum: transverse polarization should be replaced by  𝑃2 → −𝑃2 



𝑒+𝑒− → 𝛾∗/𝜓过程中𝜓的自旋密度矩阵 

 Forgotten Facts of Transversely Polarized electron/positron Beams 

 

 

 

       1 = ½ - (-½)        0 = ½ - ½           0 = -½ - (-½)        -1 = -½ - ½ 

 
   

 

 

 

 

 

 

Xu Cao, Yu-tie Liang, Rong-Gang Ping, 2404.00298 [hep-ph] 

 

In facts 1 𝒎𝒆/ 𝒔 𝒎𝒆/ 𝒔 1 



First glimpse  of angular distribution for 𝒆+𝒆− → 𝝁+𝝁− 
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𝑑𝜎

𝑑Ω
∝ 1 + 𝛼 cos2 𝜃 + 𝛼 Pt

2sin2 𝜃 cos 2𝜙 
1. Can not describe the asymmetry 

𝐜𝐨𝐬𝜽 distribution 

2.  Asymmetry distribution is up to cuts 

3.  𝜶 𝑷𝒕
𝟐 term is with positive sign 



First glimpse  of angular distribution for 𝒆+𝒆− → 𝝁+𝝁− 

𝑑𝜎

𝑑Ω
∝ 1 + 𝛼 cos2 𝜃 + 𝛽 cos 𝜃 + 𝛼 Pt

2sin2 𝜃 cos 2𝜙 

Empirical formula: Further comments: 

1. Is there additional asymmetry terms, e.g. 

      𝒄𝒐𝒔𝟑𝜽, 𝒄𝒐𝒔𝟓 𝜽 ? 

2.  Is there asymmetry terms in 𝝓  distribution? 



Effects of interference  between the ISR and FSR processes 

𝓜𝐁 ∗𝓜𝐁
∗   

(a) Born process  

𝓜𝐅𝐒𝐑 ∗𝓜𝐅𝐒𝐑
∗   𝓜𝐅𝐒𝐑 ∗𝓜𝐈𝐒𝐑

∗   

(b) FSR process with additional photon (c) Interference of FSR with ISR process 

(a)  
dσ e+e−→μ+μ−

dΩ(𝜇+)
=

α2

4𝑠
(1 + cos2  𝜃 + 𝑃𝑡

2 sin2 𝜃 cos 2𝜙) (b)  
dσ e+e−→𝛾𝐹𝑆𝑅μ

+μ−

𝑑Ω 𝜇+
∝

α4

4𝑠2
(1 + cos2  𝜃 + 𝑃𝑡

2 sin2 𝜃 cos 2𝜙) 

(c)  
dσ e+e−→𝛾𝐹𝑆𝑅/ISRμ

+μ−

𝑑Ω 𝜇+
∝

α4

4𝑠2
(1 + 𝛼 cos 𝜃 + 𝛽 cos2  𝜃 + 𝛾 cos3 𝜃 + 𝑃𝑡

2 sin2 𝜃 cos 2𝜙 (1 + 𝜅 cos 𝜃)) 

Put all things together, we suggest the formula to fit the data: 

  
dN e+e−→(𝛾𝐹𝑆𝑅/ISR)μ

+μ−

𝑑Ω 𝜇+
∝ 1 + 𝛼 cos 𝜃 + 𝛽 cos2  𝜃 + 𝛾 cos3 𝜃 + 𝑃𝑡

2 sin2 𝜃 cos 2𝜙 (1 + 𝜅 cos 𝜃) 



Nominal fit to angular distribution of 𝒆+𝒆− → 𝝁+𝝁− 

  
dN e+e−→(𝛾𝐹𝑆𝑅/ISR)μ

+μ−

𝑑Ω 𝜇+
∝ 1 + 𝛼 cos 𝜃 + 𝛽 cos2  𝜃 + 𝛾 cos3 𝜃 + 𝑃𝑡

2 sin2 𝜃 cos 2𝜙 (1 + 𝜅 cos 𝜃) 

Nominal fit with formula : 



Effects on the baryon antibaryon pairs  

•  Angular distribution for 𝑒+𝑒− → 𝐵𝐵  with and without beam transverse polarization 𝑃𝑡 

Without 𝑷𝒕 With 𝑷𝒕 

𝑑𝑁

𝑑Ω
∝ 1 + 𝛼 cos2 𝜃 

𝑑𝑁

𝑑Ω
∝ 1 + 𝛼 cos2 𝜃 + 𝑃𝑡

2 sin2 𝜃 cos 2𝜙 𝒛 

𝒚 

𝝍′ → 𝒑𝒑  

𝝍′ → 𝒏𝒏  

BESIII, PRD98, 032006 (2018) 
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Effects on the baryon antibaryon pairs  
𝝍′ → 𝒑𝒑  with all 𝝍′ data  

Fit with : 
𝒅𝑵

𝒅𝜴
∝ 𝟏 + 𝜶𝒄𝒐𝒔𝟐 𝜽 + 𝑷𝒕

𝟐 𝒔𝒊𝒏𝟐 𝜽𝒄𝒐𝒔𝟐𝝓 



Effects on the 𝜓 3686 → 𝜂𝐽/𝜓, 𝛾𝜒𝑐0  

21 
Fit with : 

𝒅𝑵

𝒅𝜴
∝ 𝟏 + 𝜶𝒄𝒐𝒔𝟐 𝜽 + 𝑷𝒕

𝟐 𝒔𝒊𝒏𝟐 𝜽𝒄𝒐𝒔𝟐𝝓 

𝝍′ → 𝜼𝑱/𝝍 with all 𝝍′ data sets 
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Effects on the 𝜓 3686 → 𝜂𝐽/𝜓, 𝛾𝜒𝑐0  

Fit with : 
𝒅𝑵

𝒅𝜴
∝ 𝟏 + 𝜶𝒄𝒐𝒔𝟐 𝜽 + 𝑷𝒕

𝟐 𝒔𝒊𝒏𝟐 𝜽𝒄𝒐𝒔𝟐𝝓 

𝝍′ → 𝜸𝝌𝒄𝟎 with all 𝝍′ data sets 



Effects on the hyperon polarization measurements 

23 

• 𝒆+𝒆− → 𝚲𝚲 , 𝚲 → 𝒑𝝅−, 𝚲 → 𝒑 𝝅+ 

 Λ Transversely Polarized 𝑃𝑦
𝐵,  𝑃𝑡 transfer to 𝑷𝒙

𝑩 
 

 
 
 
 
 
 
 
 
 
 
 

 

Integrating out the azimuthal angle is equal to PT = 0 
 
 Xu Cao, Yu-tie Liang, Rong-Gang Ping, 2404.00298 [hep-ph], 

     to be published in PRD. 
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Effects on the hyperon polarization measurements 

Probe CP violation via Transversely Polarized beams 

Ref.: Xu Cao, Yu-tie Liang, Rong-Gang Ping, 2404.00298 [hep-ph] 
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Effects on the hyperon polarization measurements 
•  Moments analysis  
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Summary and outlook 

• Study focuses on measurements using 𝑒+ 𝑒− → 𝛾𝛾, 𝑒+ 𝑒−, and 

𝜇+ 𝜇− processes. 

• Interference effects observed in baryon-antibaryon pairs 

and 𝜓′ decay. 

• Impact of interference on hyperon polarization measurements 

explored. 

• Future research will delve deeper into polarization probe for 

enhanced particle physics understanding and potential 

advancements in high-energy physics. 

 

Thanks for your attention 


