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BESIII ὐȾȟᴂ  data sets 

2009

2012

2017-2019
8737.3 Million 

1086.9 Million 223.7 Million 

ὐȾ :  Total  10.047 billion ὐȾ decays 
ȡ      448 million  decays  

The analysis based on  
2009+2012 ὐȾ data:  
 
 ͯ 1.31 billion decays ὐȾ:  
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ὣ 
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Hyperon pair production at BESIII 

ὣ 

ὣ 

¸  ὩὩ ᴼᶻᴼɤɤȟɫɫȟɧɧȟɱɱȟɤɤȟ   ͽ  ί
ςȢπḐτȢφ 'Å6,  or update for ɤɫȟɫɫ 

ÅThreshold enhancement 
ÅForm factor 
Å 9tw  ǘŜǎǘ ΧΦ 

 ̧ὐȾȟ ᴼɤɤȟɫɫȟɧɧȟɱɱ  (in this talk)   

e.g. 10 billion ὐȾ decays:  

3.4 ρπ     ɤɤ 
1.0 ρπ     ɧɧ 
0.8 ρπ     ɫɫ 
0.3 ρπ     ɧɧ  

Selected 
events 
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Parity violation in  ɫ ᴼὴ“  and test CP 

Ὠὔ

Ὠɱ

ρ

τ“
ρ ὖẗή

ρ

τ“
ρ ὖὧέί—  

ȡ ɫ decay parameter,      ὖȡ ɫ polariation 


ὄ ὄ

ὄ ὄ
ȟ

ὄ ὄ

ὄ ὄ
 

Helicity amplitude under CP invariance: 

ὄ ––– ρ ὄ ὄ  

So:   

CP-odd observable:   

ὃ    

SM prediction:  ὃ ḐσȢφ ρπ  
       PRD67, 056001 (2003) 



ɫ  and ɫ  polarization in ὐȾ and ᴂ decays 
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 unpolarized cross section 

 spin correlation 

 transverse polarization 

Å Unpolarized ὩȟὩ  beams 
Å No longitudinal ɫ polarization  
Å Transverse ɫ polarization  

ע  

ɮȡ  phase angle difference 
ȟȡ  decay parameters for 
ɫȟɫ , respectively. 



ɫ  and ɫ  polarization in ὐȾ and ᴂ decays (cont.) 

Å  ὐȾᴼɫɫȟɫ ᴼὴ“ȟɫO ὴӶ“  

“  with  
EMC 
showers 

Å  “   1C fit  

Å Require … ςυ  

Å  ὔ ς 

Å  ɫ reconstruction: minimize ὓ ά ὓ Ӷ ά  
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ɫ  and ɫ  polarization in ὐȾ and ᴂ decays (cont.) 

ÅBackground events estimated with inclusive MC decays and sideband 

ὃ ὄ 

Åὔ πȢυὔ πȢςυὔ  

      background level:  5%(1%) for ὐȾ    
Å  Number of candidates 
       ὐȾȡψχȟψρυ  ;   ȡ  5,327 
Å  Simultaneous fit to ὐȾ and ᴂ events 
            Ὓ ÌÎfl ÌÎfl  

Phys.Rev.Lett. 125, 052004 

20„ 

5.5„ 

ὃ ȟ
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ɱ  spin and its polarization alignment in ςὛO ɱɱ  

ÅSpin assignment in quark model  

  ɱ  ÁÓ ίίί bound state in SU(3) decuplet,  ὐ σȾς 

Å Experimental determination of spin 
ü  fixed target experiment (1978) 

Rule out ὐ ȟ  

consistent with ὐ  

ü  BABAR experiment (2006)  i. ɧ ᴼɱὑ , ii. ɱ ᴼɱ“  
     with  ɱ ᴼɤὑ ȟɤᴼὴ“  

ɱ ᴼɤὑ  

ὐ
σ

ς
 ὐ

υ

ς
 

ὐ
ρ

ς
 

Assume ὐ ρȾς  for ɱ  and ɧ 
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ɱ  spin and its polarization alignment in ςὛO ɱɱ  (cont.) 

Â  BESIII:  ▄▄ ᴼⱶ ╢ᴼ  

¸ɱ  ÏÒ ɱ  single tag analysis 

ɱ ᴼɤὑ ȟɤᴼὴ“Ƞ   ɱᴼɤὑ ȟɤᴼὴӶ“  

¸  Polarization well known,   very clean data events 

ü 3 charged tracks selected from MDC, and ὴȟὑ  or ὴӶȟὑ   PID required 
ü  ɤ ÏÒ ɤ  reconstructed with second vertex fit 
ü  undetected ɱ  or ɱ   inferred from the recoil mass of the tagged side   

ὑ ɤ  tag ὑ ɤ  tag BESIII, Phys.Rev.Lett. 126.092002 

https://arxiv.org/ct?url=https://dx.doi.org/10.1103/PhysRevLett.126.092002&v=ae17cb9d
https://arxiv.org/ct?url=https://dx.doi.org/10.1103/PhysRevLett.126.092002&v=ae17cb9d
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ɱ  spin and its polarization alignment in ςὛO ɱɱ  (cont.) 

Å Test two spin hypotheses:  

ÅSpin observable:  real multipole parameters ►╜
╛  

” ɱ
ὶ

ςὐρ
Ὅ ςὐ ὶ ὗ  

ὗ ȡ  Hermitian basis matrix,  constructed with spherical tensor operators Ὕ  
 

ὩὩ ᴼςὛO ɱɱ  (— ), ɱ   undetected    

ɤ ὑ —ȟ‰  

Ð “ —ȟ‰    

” ɱ ὶ ὗ  Polarimeter: ὗ ᴼВὦ „  

Polarimeter: „ᴼВὥ „  

Joint angular distribution: 

ὐ ר  : —ȟ—ȟ‰ȟ—ȟ‰ В В ὶ— ὦ —ȟ‰ ὥ —ȟ‰  

 

ὐ
ρ

ς
ȡר —ȟ—ȟ‰ȟ—ȟ‰ ὶ— ὦ —ȟ‰ ὥ —ȟ‰  
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ɱ  spin and its polarization alignment in ςὛO ɱɱ  (cont.) 

Å Likelihood test  

Two solutions under ὐ σȾς  hypothesis 

Fix:   πȢχυȟ  πȢπρυτ 

Data favor  ╙ Ⱦ  hypothesis. 

ὓ ᴼὦ  

ὓ ᴼὦ  

BESIII, Phys.Rev.Lett. 126.092002 

https://arxiv.org/ct?url=https://dx.doi.org/10.1103/PhysRevLett.126.092002&v=ae17cb9d
https://arxiv.org/ct?url=https://dx.doi.org/10.1103/PhysRevLett.126.092002&v=ae17cb9d
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ɱ  spin and its polarization alignment in ςὛO ɱɱ  (cont.) 

ÅTOY MC  test  

V  MC events generated with fitted parameters 
V  same selection criteria applied 
V  ensembles of MC events with same data size 
V  ὸ distribution: 

 
 

V  Significance  ὐ  over ὐ   with ρτ„ 

  ὸ ςfl Ⱦ fl Ⱦ  

Åɱ  alignment  
V  ὶ basis     

ὶȡὗ ȟὶȡὗȟ
ὶȡὗȟὶȡὗȟὶȡὗ ȟὶȡὗ  

V  alignment symmetry under polar angle —  
V  alignment dominated by ὗ  
V  ɱ ᴼɤ+  favors Ὀ wave 
          
ὃ

ὃ
 
ςȢτ ςȢπ ÓÏÌÕÔÉÏÎ ) 
σȢσ ςȢω ÓÏÌÕÔÉÏÎ ))

 

BESIII, Phys.Rev.Lett. 126.092002 

https://arxiv.org/ct?url=https://dx.doi.org/10.1103/PhysRevLett.126.092002&v=ae17cb9d
https://arxiv.org/ct?url=https://dx.doi.org/10.1103/PhysRevLett.126.092002&v=ae17cb9d
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Where does the TP come from? 

 ̧From the ὩȾὩ  beam ? 
 No, BEPC beams unpolarized         

 ̧From the ὩȾὩ  natural polarization when circulating in the 
BEPCII storage ring ? 

 Sokolov-Ternov effects: 4.3 hs @ peak,  but beam lifetime ~ 2.0 hs    

 ̧From the ὐȾ spin transfer ? 
V Yes,  it does from the ὐȾ tensor polarization 

ᾀ 

ὼ 

ώ 

╙Ⱦⱶ 

Ὡ  

Ὡ  
ɤ  

ɤ 

ὐȾ polarization:  ע πȟὝ   

ɫ transverse polarization:  

ע φ

Ὕ ÓÉÎ—ÃÏÓ—ÓÉÎɝ ρ 

ρ   
ρ
σ

ρ

φ
Ὕ ρ σÃÏÓς—

 

manifest  if  ÓÉÎɝ ע π 



Summary 

ÅSignificant observation of ɫȾ ɫ  transverse 
polarization in ὐȾ and ᴂ decays. 

Å ɱ  spin determined to be σȾς and its polarization 
alignment measured. 

Å BESIII 10 billion ὐȾ data provides us chances to 
access hyperon physics. 

ÅExtension study to charmed hyperon are ongoing.  

ÅPolarized beam in the future super-tau charm facility 
(STCF) help to improve the precision. 
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Thanks for your attention! 



Beijing Electron Positron Collider (BEPC) 

16 On 29. Feb., 2021,  Beam Energy upgrade, run at ί=4.916 GeV  


