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• Introduction 

• Observation of charged 𝒁𝒄𝒔 𝟑𝟗𝟖𝟓 −  
• 𝒆+𝒆− → 𝑲+(𝑫𝑺

−𝑫∗𝟎 +𝑫𝑺
∗−𝑫𝟎) 

• Search for 𝒁𝒄 states 
• 𝒆+𝒆− → 𝝌𝒄𝑱𝝅

+𝝅− 

• 𝒆+𝒆− → 𝜼𝒄𝝅
+𝝅−𝝅𝟎 

• Search for 𝑿(𝟑𝟖𝟕𝟐) state 
• 𝒆+𝒆− → 𝝅𝟎𝑿 𝟑𝟖𝟕𝟐 𝜸 

• Observation of threshold enhancement of 𝚲𝚲  

• 𝒆+𝒆− → 𝝓𝚲𝚲  

• Summary  

Outline 



New forms of hadron 

3 



Beijing Electron Positron Collider (BEPC) 
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2020 update to 2.45 GeV 
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482pb-1 

1092pb-1 

826pb-1 

540pb-1 1029pb-1 

110pb-1 110pb-1 

567pb-1 

Data sets for 𝑿𝒀𝒁 study 

~8 fb-1 above 4.0 GeV in total 

4130, 4160, 4190, 4200, 4210, 
4220, 4236, 4245, 4270, 4280, 
4290, 4315, 4340, 4380, 4400, 
4440 
7.7 fb−1 

2021: 
 3.8 fb−1 sacn 4.61 – 4.7 GeV 
 2 fb−1    sacn 4.74-4.946  GeV 
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Observation of charged 𝒁𝒄𝒔 𝟑𝟗𝟖𝟓 − 

• 𝒆+𝒆− → 𝑲+ 𝑫𝒔
−𝑫∗𝟎 +𝑫𝒔

∗−𝑫𝟎  

 3.7fb-1 data accumulated at 4.628, 4.641, 

4.661, 4.681 and 4.698GeV in 2020. 

 Partial reconstruction of 𝑲+ 𝐚𝐧𝐝 𝑫𝒔
−. 

 Signature in the recoil mass spectrum of 

𝑲+𝑫𝒔
− to identify the process of 

𝑒+𝑒− → 𝐾+ 𝐷𝑠
−𝐷∗0 + 𝐷𝑠

∗−𝐷0 . 

𝒆+𝒆− → 𝑲+𝑫𝒔
−𝑫∗𝟎 

𝑍𝑐𝑠
−  

𝑫∗𝟎 

𝑫𝒔
− 

𝑲+ 

𝒆+𝒆− → 𝑲+𝑫𝒔
∗−𝑫𝟎 

𝑫𝒔
− 

𝑍𝑐𝑠
−  

𝑫𝟎 

𝑫𝒔
∗− 

𝑲+ 

𝝅𝟎(𝜸) 

2020 
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 𝐷𝑠
− reconstructed with 𝐾+𝐾−𝜋+ (𝜙𝜋 or 𝐾∗𝐾) 

and 𝐾𝑠
0𝐾−. 

 Both decay modes can survive the selection. 

 Data driven background description： 

Wrong Sign (WS) combination of 𝐷𝑠
− and 𝐾−. 

 Absolute contribution in signal region determined 

from a fit to 𝑅𝑀(𝐾+𝐷𝑠
−). 

PRL 126, 102001 (2021) 

Observation of charged 𝒁𝒄𝒔 𝟑𝟗𝟖𝟓 − (cont.) 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.102001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.102001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.102001
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 Conventional charmed mesons can not describe the enhancement below 4.0 GeV/c2. 

(With a sufficient study for all possible 𝑫 𝒔
∗∗  background and their interference effect, see Appendix.) 

 Assume the structure as a 𝐷𝑠
−𝐷∗0/𝐷𝑠

∗−𝐷0 resonance, denoting it as the 𝑍𝑐𝑠 3985 −. 

 A fit of  𝐽𝑃 = 1+ S-wave Breit-Wigner with mass dependent width returns:  

 

 

 Global significance: > 𝟓. 𝟑 𝝈 

𝑴 = 𝟑𝟗𝟖𝟓. 𝟐−𝟐.𝟎
+𝟐.𝟏 ± 𝟏. 𝟕 𝐌𝐞𝐕/𝐜𝟐 

𝚪 = 𝟏𝟑. 𝟖−𝟓.𝟐
+𝟖.𝟏 ± 𝟒. 𝟗 𝐌𝐞𝐕 

First candidate of the hidden-charm tetraquark with 
strangeness 

PRL 126, 102001 (2021) 

Observation of charged 𝒁𝒄𝒔 𝟑𝟗𝟖𝟓 − (cont.) 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.102001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.102001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.102001
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 Simultaneous fit to the five energy points. 

 Largest cross sections around 4.681 GeV. 

PRL 126, 102001 (2021) 

Observation of charged 𝒁𝒄𝒔 𝟑𝟗𝟖𝟓 − (cont.) 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.102001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.102001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.102001
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𝒁𝒄𝒔 𝟑𝟗𝟖𝟓 ± 𝒁𝒄 𝟑𝟗𝟎𝟎 ± 𝒁𝒄 𝟑𝟖𝟖𝟓 ± 

Mass (MeV/c2) 3985.2−2.0
+2.1 ± 1.7 3899.0±3.6±4.9 3883.9±1.5±4.2 

Width (MeV) 13.8−5.2
+8.1 ± 4.9 46±10±26 24.8±3.3±11.0 

𝜎𝐵𝑜𝑟𝑛 ⋅ 𝔅 (pb) 4.4−0.8
+0.9 ± 1.4 13.5±2.1±4.8 83.5±6.6±22.0 

525/pb data @4.26 GeV 1643/pb data @4.681 GeV from Marek Karliner in Nov. 2020 

SU(3) partner of  𝑍𝑐  (3900)? Zcs: 3985.2MeV 

9.2MeV 10MeV 

𝐷𝑠
∗−𝐷0 3977.0MeV 

𝐷𝑠
−𝐷∗0 3975.2MeV 

In process 

Observation of charged 𝒁𝒄𝒔 𝟑𝟗𝟖𝟓 − (cont.) 
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𝑩𝟎 → 𝑱/𝝍𝑲+𝝅− 

PRL 122, 152002 (2019) 

• Various interpretations are possible for the structure 

 Molecule. 

 𝐷𝑠2
∗ 2573 +𝐷𝑠

∗− threshold kinematic effects / reflecting. 

 Re-scattering / Triangle singularity. 

 Mixture of molecular and tetraquark. 

 … 

• 𝒁𝒄𝒔(𝟑𝟗𝟖𝟓) from 𝒆+𝒆− annihilations and 

𝒁𝒄𝒔 𝟒𝟎𝟎𝟎  from B decays. 

 their masses are close, but widths are different. 

 If they are same, why width so different? 

 If they are not same, is there the corresponding 

wide 𝑍𝑐(3900)? 

 Looking for more channels will be useful. 

𝒆+𝒆− → 𝑲+(𝑫𝒔𝑫
∗ + 𝑫𝒔

∗𝑫) 
PRL 126, 102001 (2021) 

𝑩+ → 𝑱/𝝍𝝓𝑲+ 
arXiv:2103.01803 

Observation of charged 𝒁𝒄𝒔 𝟑𝟗𝟖𝟓 − (cont.) 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.152002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.102001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.102001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.102001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.102001
https://arxiv.org/abs/2103.01803
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 Belle reported the results of 𝑍𝑐 4050 + and 𝑍𝑐 4025 + in 𝐵 0 → 𝐾−𝑍𝑐
+, 𝑍𝑐

+ → 𝜋+𝜒𝑐𝐽 

[PRD 78, 072004(2008)], while BaBar did not confirm them. 

 BESIII studies 𝑒+𝑒− → 𝜋+𝜋−𝜒𝑐𝐽, 𝜒𝑐𝐽 → 𝛾𝐽/𝜓(𝑙+𝑙−) from 4.178 GeV to 4.600 GeV 

 None of the process are observed and upper limits of the production cross sections are 

determined. 

 Hence, they can be the upper limits of the product cross sections of 

𝑒+𝑒− → 𝜋−𝑍𝑐 4050 + + 𝑐. 𝑐. , 𝑍𝑐(4050)
+→ 𝜋+𝜒𝑐𝐽 

PRD 103, 052010 (2021) 

Search for 𝒁𝒄 in 𝒆+𝒆− → 𝝌𝒄𝑱𝝅
+𝝅− 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.072004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.072004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052010
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 LHCb reported an evidence of 𝑍𝑐 4100 + → 𝜋+𝜂𝑐 in 𝐵 0 → 𝐾−𝑍𝑐 4100 + with 3𝜎. 

with 𝑀 = 4096 ± 20−22
+18 MeV/c2, Γ = 152 ± 58−35

+60 MeV and JP = 0+/1−. [EPJC 78, 1019(2018)] 

 Studies of 𝑒+𝑒− → 𝜋+𝜋−𝜋0𝜂𝑐 , 𝜋
+𝜋−𝜂𝑐 , 𝛾𝜋

0𝜂𝑐 at 6 energy points from 4.178 GeV to 4.600 

GeV. 𝜂𝑐 is reconstructed in 16 decay modes. 

 Only evidence of 𝑒+𝑒− → 𝜋+𝜋−𝜋0𝜂𝑐 @ 4.226 GeV (𝟒. 𝟏𝝈). 

 Different mass and width assumptions in the vicinity of 𝐷𝐷  mass are tested for 𝑍𝑐
+ → 𝜋+𝜂𝑐 

and 𝑍𝑐
0 → 𝜋0𝜂𝑐 in 𝑒+𝑒− → 𝜋+𝜋−𝜋0𝜂𝑐 @ 4.226 GeV  and found to be not significant. 

@ 4.226 GeV 

Search for 𝐙𝐜 state in 𝒆+𝒆− → 𝜼𝒄𝝅
+𝝅−𝝅𝟎 

𝜼𝒄 

Charged 𝒁𝒄 

neutral 𝒁𝒄 

o, o:  upper limit at 90%  C.L. 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.032006
https://doi.org/10.1140/epjc/s10052-018-6447-z
https://doi.org/10.1140/epjc/s10052-018-6447-z
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 Connection between 𝒁𝒄 and 𝑿 states in the 𝑫𝑫 ∗ molecule picture. 

 Branching fractions of 𝒁𝒄 𝟒𝟎𝟐𝟎 𝟎 → 𝜸𝑿(𝟑𝟖𝟕𝟐) and 𝒁𝒄 𝟒𝟎𝟐𝟎 ± → 𝝅±𝑿 𝟑𝟖𝟕𝟐  are 

predicted with quite different results. [PRD 99, 054028] 

 Studies of 𝒆+𝒆− → 𝝅𝟎𝑿 𝟑𝟖𝟕𝟐 𝜸  at center-of mass energies from 4.178 to 4.600 GeV. 

 No significant signal for 𝒆+𝒆− → 𝝅𝟎𝒁𝒄 𝟒𝟎𝟐𝟎 𝟎, 𝒁𝒄 𝟒𝟎𝟐𝟎 𝟎 → 𝜸𝑿(𝟑𝟖𝟕𝟐): 

arXiv: 2102.00644 

𝓑 𝒁𝒄 𝟒𝟎𝟐𝟎 𝟎 → 𝜸𝑿 𝟑𝟖𝟕𝟐 ⋅ 𝓑[𝑿 𝟑𝟖𝟕𝟐 → 𝝅+𝝅−𝑱/𝝍]

𝓑[𝒁𝒄 𝟒𝟎𝟐𝟎 𝟎 → 𝑫∗𝑫 ∗ 𝟎]
< 𝟎. 𝟐𝟒% (@𝟒. 𝟐𝟑 𝐆𝐞𝐕) 

Search for 𝑿(𝟑𝟖𝟕𝟐) state in  𝒆+𝒆− → 𝝅𝟎𝑿 𝟑𝟖𝟕𝟐 𝜸 

https://doi.org/10.1103/PhysRevD.99.054028
https://arxiv.org/abs/2102.00644
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Observation of threshold enhancement in 𝒆+𝒆− → 𝜙ΛΛ  

  𝜂 2225   interpreted to be ΛΛ  bound states. (PRD87, 054034) 

  Threshold enhancement of baryon anti-baryon pair observed in 
       𝐽/𝜓 → 𝛾𝑝𝑝  (PRL91, 022001),  𝐵 → 𝐾𝑝𝑝  (PLB659,80) , 𝐵0 → 𝐾ΛΛ  (PRD79,052006) 

 28 data sets with 𝑠 = 3.51 ∼ 4.6 GeV, with total luminosity 
ℒ = 19.462 fb−1 

  Events reconstructed with 𝜙 → 𝐾+𝐾−, Λ → 𝑝𝜋−, Λ → 𝑝 𝜋+ 

  Breit-Wigner parametrization: 𝑀 = 2262 ± 4 ± 28  MeV,  
      Γ = (72 ± 5 ± 43 ) MeV.  (25𝜎) 
  Angular distribution analysis:  𝐽𝑃𝐶 = 1++ or  2− +or 2++ 
 

Sum of all 
data events 

BESIII, 2104.08754 

  0− + rejected with significance of 7𝜎. 
  Nambu model is rejected 
  The enhancement consistent with 

that  observed in 𝐵 → 𝐾ΛΛ  by Belle 
(Phys.Rev.D79, 052006). 
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Summary 

• BESIII is successfully operating since 2008 and will continue to run 

for 5-10 years. 

• Unique data samples from 3.8 GeV to 4.95 GeV. Many exciting results 

have been published covering many aspects on 𝒁𝒄(𝒔) states. 

 Observation of the 𝒁𝒄𝒔(𝟑𝟗𝟖𝟓) 

  New modes of 𝒁𝒄 → 𝜼𝒄𝝅, 𝝌𝒄𝑱𝝅, and 𝜸𝑿(𝟑𝟖𝟕𝟐) are searched,  

       but no significant signals are seen. 

 More results about the production & decay of 𝒁𝒄(𝒔), structure 

properties are in process 

• Search for the new 𝒁𝒄(𝒔)  decay modes are in process. 

Thanks for your attention 



Backup 
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Appendix - 𝒁𝒄𝒔 𝟑𝟗𝟖𝟓 : All possible 𝑫 𝒔
∗∗  backgrounds  
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Appendix - 𝒁𝒄𝒔 𝟑𝟗𝟖𝟓 : Interference of 𝑫 𝒔
∗∗  states 

 For 𝐾+𝐷𝑠
∗−𝐷0 final states  For 𝐾+𝐷𝑠

−𝐷∗0 final states 
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Angular distribution  in 𝒆+𝒆− → 𝝓𝚲𝚲  

𝑒+𝑒− → 𝜙 + 2++ 2++ → 𝚲𝚲  

BESIII, 2104.08754  


