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BINP-IHEP seminar, 16-18 December 2019, Budker INP: 

 "Tau and QCD physics at present and future electron-positron colliders"  

https://indico.inp.nsk.su/event/25/overview
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BESIII 𝐽/𝜓, 𝜓′  data sets 

2009

2012

2017-2019
8737.3 Million 

1086.9 Million 223.7 Million 

𝐽/𝜓 :  Total  10.047 billion 𝐽/𝜓 decays 
𝜓′:      448 million  decays  
Continuum: 12/fb   ( 𝑠 > 3.8 GeV) 

The analysis based on  
2009+2012 𝐽/𝜓 data:  
 
 ~1.31 billion decays 



𝑱/𝝍,𝝍′ 

𝑌 

𝑌  
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Hyperon pair production at BESIII 

𝑌 

𝑌  

  𝑒+𝑒− → 𝛾∗ → ΛΛ , ΣΣ , ΞΞ , ΩΩ , Λ𝑐
+Λ 𝑐

−,    @  𝑠 =
2.0 ∼ 4.6 GeV,  or update for Λ𝑐

+Σ 𝑐
−, Σ𝑐Σ 𝑐 

• Threshold enhancement 
• Form factor 
• Excited hyperon 
• ….. 

 𝐽/𝜓, 𝜓′ → ΛΛ , ΣΣ , ΞΞ , ΩΩ  

10 billion 𝐽/𝜓: 
16.1 × 106     ΛΛ  
12.0 × 106     Ξ0Ξ 0 
12.9 × 106     Σ0Σ 0 
8.6   × 106     Ξ−Ξ + 

• Hyperon polarization 
• CP test 
• Semileptonic  decay 
• Radiative decay 
• Rare decay 
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C,P- transformation in Λ → 𝑝𝜋− 

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− 



Phys. Rev. Lett. 24, 843 (1970)  Phys. Rev. Lett. 24, 165 (1970)  

Phys. Rev. 184, 1663 (1969)  

Ancient history 
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Most earlier measurement on 𝛼− 
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Phys.Rev. 129 (1963) 1795-1807 • CNTR exp.， 𝜋− + 𝑝 → Λ + 𝐾0  
• Unpolarized Λ → 𝑝𝜋− 
• Proton polarization measured with 
      carbon-plate spark chamber  

𝑊 𝜓 = 1 + 𝛼 S sin𝜖 cos𝜓 

 1156 events 



•  Probing of spin degree freedom 
      Test the dynamic of SM and low energy hadron interaction 

Existant exp. :  RHIC, Jlab, GRAAL, CERN and DESY 
Spin observable, spin-dependent structure function and 
parton distribution 
Spin crisis at eighties 

• BEPCII/BESIII, unpolarized beam,  inaccessible 
polarization of final state by BESIII 

 Polarized beam for post-BEPCII options,  CPV in tau decay, 
Hyperon weak decay,……   

  Useful tool:  transverse polarization of hyperon, 
spontaneous production at  𝑒+𝑒− collision   

  Λ → 𝑝𝜋− decay plays important role in particle physics 
7 

Role of polarization physics 



Transverse polarization (TP) of baryons in 𝑒+𝑒− 
collisions 
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Time likespin ½  baryon FFs:  
Dubnickova, Dubnicka, Rekalo 
Nuovo Cim. A109 (1996) 241 
W. Lu, et.al., Phys.Lett., B368, 261 (1996) 
Gakh, Tomasi-Gustafsson Nucl.Phys. A771 (2006) 
169 
Czyz, Grzelinska, Kuhn PRD75 (2007) 074026 
FäldtEPJ A51 (2015) 74; EPJ A52 (2016)141 
Fäldt, G. & Kupsc, A, Phys. Lett. B 772 (2017) 16  

FFs in continuum   𝐽/𝜓 decays 
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Transverse polarization of baryons in 𝑒+𝑒− collisions 

 𝚲  𝚲  

𝒑 
𝒑 

𝝅− 
𝝅− 

Unpolarized 𝑒+𝑒− beam  
transverse polarization baryon 

𝑃𝑌 along 𝒌𝑒+ × 𝒑Λ  

𝑃𝑌 =

1 − 𝛼𝜓
2 cos 𝜃0 sin 𝜃0

1 + 𝛼𝜓 cos2 𝜃0 
sin(ΔΦ) 

𝐜𝐨𝐬𝜽𝟎 
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Observation of Λ polarization and entanglement in 
𝐽/𝜓 → ΛΛ  

Event display in BESIII detector 

Published in Nature Physics, 15, 631 (2019) 

Helicity system Spin entanglement 

↑ (↓) 

↑ (↓) 

  Joint angular distribution 

Transverse polarization 

Entanglement term 

𝒫𝑦(cos 𝜃Λ)   

  Transverse polarization 
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Observation of Λ polarization and entanglement in 
𝐽/𝜓 → ΛΛ  

Published in Nature Physics, 15, 631 (2019) 𝐽/𝜓 data sample: 1.31 × 109  

  Observation of Λ /Λ  transverse polarization 

•  spin observable •  Maximum Λ / Λ  polarization: ~25% 
•   Net polarization vanishing 
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Observation of Λ polarization and entanglement in 
𝐽/𝜓 → ΛΛ  

Published in Nature Physics, 15, 631 (2019) 𝐽/𝜓 data sample: 1.31 × 109  

First observation of the 
Λ /Λ   transverse 

polarization 

Higher than PDG value 17%, 
deviation with sig.> 5𝜎   

 
CP odd observable:  

𝐴CP =
𝛼Λ − 𝛼Λ 

𝛼Λ − 𝛼Λ 
 

  

Test selection rule Δ𝐼 =
1

2
 

 

   Verification 𝜶𝚲/𝜶𝚲  : 𝑱/𝝍 → 𝚵−𝚵 + → (𝚲𝝅−)(𝚲 𝝅+) 
  Transverse polarization allows to improve CP test precision over previous 

measurements. 
  Standard model precision 𝑨𝐂𝐏 ∼ 𝟏𝟎−𝟒. 
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Observation of Λ polarization and entanglement in 
𝐽/𝜓 → ΛΛ  
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Where does the TP come from? 

  From the 𝒆+/𝒆− beam ? 
 No, BEPC beams unpolarized         

  From the 𝒆+/𝒆− natural polarization when circulating in the 
BEPCII storage ring ? 

 Sokolov-Ternov effects: 4.3 hrs @𝜓′ peak,  but beam lifetime ~ 2.0 hrs    

  From the 𝑱/𝝍 spin transfer ? 
  Yes,  it does from the 𝐽/𝜓 tensor polarization 

𝑧 

𝑥 

𝑦 

𝑱/𝝍 

𝑒+ 

𝑒− 
Λ   

Λ 

𝐽/𝜓 polarization:  𝒫𝑧 = 0, 𝑇𝑧𝑧 =
1

6
  

Λ transverse polarization:  

𝒫𝑦 = 6

𝑇𝑧𝑧 sin 𝜃 cos 𝜃 sin Δ 1 − 𝛼𝜓
2

1 + 𝛼𝜓
  

1
3 +

1

6
𝑇𝑧𝑧 1 + 3 cos 2𝜃

 

𝒫𝑦 manifest  if  sin Δ ≠ 0 



Λ / Λ  polarization in continuum production 

data set: 2.396 GeV, 𝐿=66.9 pb-1 

Λ angular distribution 

  555 candidate events 
 ΔΦ = 37° ± 12°(𝑠𝑡𝑎𝑡) ± 6°(𝑠𝑦𝑠𝑡) 
  Maximum polarization degree is ∼30%   

Λ / Λ  transverse polarization 

555 event 
candidates 

BESIII, Phys.Rev.Lett. 
123, 122003 (2019) 

𝑒+𝑒− → 𝛾∗ → ΛΛ  

1 + 𝜂 cos2 𝜃  
 with 𝜂 = 0.12 ± 0.14        

15 
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Polarization puzzle in charmonium decays 

anormal ? 

Angular distribution:  
𝑑𝑁

𝑑𝑐𝑜𝑠𝜃 
∝ (1 + 𝛼 cos2 𝜃) 

𝛼 = 0.469 ± 0.026 
±0.008  

𝛼 = 0.82 ± 0.08 
±0.02  

𝛼 = −0.449 ± 0.020 
±0.008  

𝛼 = 0.71 ± 0.11 
±0.04  

  Branching ratios 

  Angular distribution 

𝛼 =
𝐻↑↓

2 − 2 𝐻↑↑
2

𝐻↑↓
2 + 2 𝐻↑↑

2 

Helcity selection rule 
     |𝐻↑↑|/ 𝐻↑↓ ∼ 0 

Measurements: 

|𝐻↑↑|/ 𝐻↑↓ =
∼ 1.3 (𝐽/𝜓 → Σ0Σ 0)

∼ 0.08(𝜓′ → Σ0Σ 0)
 

BESIII, Phys.Rev., D95, 052003 Why enhanced for 𝐽/𝜓?  
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Λ𝑐 spin and decay asymmetry parameter 

𝑢𝑑𝑐 



• 𝑊-exchange complicate  Λ𝑐 → 𝐵 𝑀 
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Predictions on Λ𝑐 asymmetry parameters  

Λ𝜋+ 

𝑝𝐾𝑆 

Σ0𝜋+ 

Σ+𝜋0 

: Theory 
: PDG 

Λ𝑐
+ → 𝐵𝑃 decay asymmetry 
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Λ𝑐 decay asymmetry parameter 

Phys. Rev. D 100, 072004 (2019) 

 𝐿 = 567pb−1 @ 𝑠 = 4.6 GeV with single tag  

•  Significance for Λ𝑐 transverse polarization: 2.1𝜎 

𝑝𝐾𝑆 

Λ𝜋+ 

Σ+𝜋0 

Σ0𝜋+ 



 Advantages: 
 
• 𝚲𝚲  polarizations are 

measureable via their parity-
violating pp- (pp+) decays; 

• b- and b0 parameters can be 
determined. 

• Preliminary results indicate 
that the  Xs  are even more 
polarized than the Ls. 

 Disadvantages 
 
complicated topology: 9-dimensions 

𝜃Ξ, 𝜃Λ, 𝜙Λ, 𝜃Λ , 𝜙Λ , 𝜃𝑝, 𝜙𝑝, 𝜃𝑝 , 𝜙𝑝   
72 terms, 8 parameters to determine 
 
 
 
 
 
 
 

Low rate compared to 𝚲𝚲  
   1.3B J/y:  420K 𝚲 𝐩𝝅− 𝚲 𝒑 𝝅+ evts 
                    61K X(Lp-) X(Lp-) 

CPV with 𝑱/𝝍 → 𝚵− 𝚲𝝅− 𝚵 +(𝚲𝝅+)+c.c. 

20 



Ongoing polarization analyses at BESIII 

• 𝐽/𝜓, 𝜓′ → Σ−Σ +   

• 𝐽/𝜓 → Ξ−Ξ +  (Ξ, Λ asymmetry par., CP test) 

• 𝜓′ → Ω−Ω +   (polarization analysis ) 

•  𝜂𝑐 → ΛΛ     (QM nonlocatlity& reality) 

•  𝑒+𝑒− → Λ𝑐
+Λ 𝑐

−   
    Λ𝑐

+→ Λ𝜋+, Σ+𝜋0, Σ0𝜋+, 𝑝𝐾𝑆, to be improved 

   Λ𝑐  spin 

•  future charmed baryon program  
 Update Ecms up to 4.9 GeV 

  Approved  ∼ 10 𝐟𝐛−𝟏 data taking around  𝚲𝒄𝚲 𝒄 threshold 
21 



Summary 

• Λ/ Λ  transverse polarization significantly 
observed at BESIII in 𝐽/𝜓 or continuum processes 

•  BESIII 10 billion 𝐽/𝜓 data provides us chances to 
access hyperon physics. 

• Extension study to charmed hyperon are ongoing.  

• Polarized beam in the future super-tau charm 
facility (STCF) help to improve the precision. 
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backup 
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  Previous Measurements 
2018 PDG list 
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  Λ → 𝑝𝜋− as polarimeter 

* * 2 2

2 2 2 2 2 2

2 2 2

2Re(S P) 2 Im(S P) | S | | P |
, ,

| S | | P | | S | | P | | S | | P |

1

-
  b   

  

  b   

Lee-Yang parameters:

Note:

𝑑𝑁

𝑑Ω
=

1

4𝜋
1 + 𝛼Λ𝑃 ⋅ 𝑞 =

1

4𝜋
(1 + 𝛼Λ𝑃Λ𝑐𝑜𝑠𝜃𝑝) 

p0 
W- 

L 

X0 

𝐾− Λ𝑐
+ 

 p+ 

𝑝 

𝑊− 

L 

 p- 

𝑢 

𝑑 
𝑠 𝑢 

𝑢 

𝑑 

PDG2018:   𝛼Λ = 0.642 ± 0.013, 𝛼Λ = −0.71 ± 0.08  


