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XYZ 

Introduction 

• XYZ states 
– Masses are mainly above 3.8 GeV, but cannot be fully 

described by the prediction in charmonium spectroscopy 
by potential model 

– Also called charmonium-like states or charmonium exotics 

• Nature of XYZ states 
– Molecular? Hybrid? 𝑞𝑞  glue-ball? Tetra-quark? 

• Data at BESIII 
– ~12 fb-1 between center-of-mass energy 3.8 and 4.6 GeV 

– Fined energy scan 
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XYZ 

• Mainly represent 1+ charmonium-like states 

• Two probe methods at BESIII 

𝒆+𝒆− → 

𝜸𝑿 𝟑𝟖𝟕𝟐  

𝝅+𝝅−𝑿 𝟑𝟖𝟐𝟑  

𝝅+𝝅−𝑱/𝝍 

𝜸𝝌𝒄𝑱 

through transition from 1−−
 
states directly  
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PRL 112, 092001(2014) PRL 115, 011803(2015) 

• 𝑋 3872 → 𝜋+𝜋−𝐽/𝜓 
• Fit with Y(4260) 

 
 

• 𝑋 3823 → 𝛾𝜒𝑐1/2 

• With statistical  significance of 6.2𝜎 
• Good candidate of 𝜓(13𝐷2) 

𝒆+𝒆− → 𝜸𝑿 𝟑𝟖𝟕𝟐  𝒆+𝒆− → 𝝅+𝝅−𝑿 𝟑𝟖𝟐𝟑  



XYZ 

• Represent 1−− charmonium-like states 

• mainly by 𝑒+𝑒− cross sections measurements 

𝒆+𝒆− → 

𝝅𝝅/KK 

𝜼𝝅𝝅 

𝜼𝜼 

𝑱/𝝍, 𝝍(𝟐𝑺) 

𝝌𝒄𝑱 

𝒉𝒄 

𝜼𝒄 

𝜼/𝜼′/𝝅𝟎 

𝜸𝜼 

𝜸/𝝓/𝝎 + 

𝑲𝒔𝑲𝝅… 

𝑲𝒑−Λ , 𝚵𝚵 ,𝛀𝛀  

𝑫(∗)𝑫 (∗), 𝑫𝒔
(∗)
𝑫 𝒔

(∗)
, 𝝅𝑫𝑫∗ 

𝒀(𝟒𝟐𝟐𝟎) 

𝒀(𝟒𝟐𝟑𝟎) 

𝒀(𝟒𝟑𝟐𝟎) 

𝒀(𝟒𝟑𝟔𝟎) 

𝒀(𝟒𝟑𝟗𝟎) 

𝒀 𝟒𝟔𝟔𝟎  

→ 

…… 

Transition to charmonium states 

To hadrons 
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𝒆+𝒆− → 𝝎𝝌𝒄𝟎 

• More than 9𝜎 
• Fit with 𝑌(4260) 
• Mass and width to be (4230±8±6)  MeV/c2 and (38±12±2)  MeV 

 

PRL 114, 092003(2015) 
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• Two structures 
• M1 = 4222.0 ± 3.1 ± 1.4  MeV, Γ1= 44.1 ± 4.3 ± 2.0 MeV 

• Agrees with 𝑌(4260) 
• M2 = 4320.0 ± 10.4 ± 7.0  MeV, Γ2= 101.4−19.7

+25.3 ± 10.2 MeV 
• Agrees with 𝑌(4360) within errors 
• This resonances is observed with > 7.6 𝜎  

 
 

PRL 118, 092001(2017) 

𝒆+𝒆− → 𝝅+𝝅−𝑱/𝝍 
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𝒆+𝒆− → 𝝅+𝝅−𝒉𝒄 PRL 118, 092002(2017) 

• Two structures’ significance is 10𝜎 
• Y(4220) and Y(4290) 
• M1 = 4218.4−4.5

+5.5 ± 0.9 MeV, Γ1 = 66.0−20.6
+16.2 ± 0.4 MeV 

• M2 = 4391.5−4.5
+6.3 ± 0.9 MeV, Γ2 = 139.5−20.6

+16.2 ± 0.4 MeV 
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𝒆+𝒆− → 𝝅+𝑫𝟎𝑫∗− 

• M1 = 4228.6±4.1±5.9 MeV/c2, Γ1 =77.1±6.8±6.9 MeV  
• M2 = 4404.6 ± 7.4 ± 5.5 MeV/c2 , Γ2 = 191.7 ± 13.0 ± 17.1 MeV 
• Consistent with Y(4220) and Y(4390) of 𝜋𝜋ℎ𝑐 



XYZ 

11 

𝒆+𝒆− → 𝝅+𝝅−𝝍(𝟐𝑺) 

• M1 =4209.5±7.4±1.4  MeV/c2 and Γ1 =80.1±24.6±2.9  MeV 
• Significance is 5.8𝜎 

• M2 =4383.8±4.2±0.8  MeV/c2 and Γ2 =84.2±12.5±2.1  MeV 
 
 

PRD 96,032004(2017) 
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XYZ 

• Represent non-zero iso-spin charmonium-like states 

• Transition to Z at BESIII 

 

 

 

  
 

 

 

• Study of Z at BESIII 

– Spin and parity determination 

– Amplitude analysis 
 

 

𝒆+𝒆− → 𝒁𝒄 

 𝑱/𝝍 

𝝌𝒄𝑱 

𝜼 

𝝅 

𝝅𝝅 

𝝅 

𝜼 

𝜸 

+ 
𝒉𝒄 

𝜼𝒄 

+ 

1-- transition to Z through light hadrons 
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- Abundant  Z states 
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PRD 96,032004(2017) 

PRL 119, 072002(2017) 
𝑱𝑷 for 𝒁𝒄(3900),  𝟏+ is favored. 
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Summary and Outlook 

Thanks to the results from contributors’ hard and creative work! 16 

• BESIII has performed scientific XYZ studies 
with large data samples collected at this 
energy region 

– New XYZ states 

– New decay modes for existed XYZ states 

– Resonant parameters study 

• More measurements are needed! 
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Back up 
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𝑒+𝑒− → 𝛾𝑋 3872 → 𝛾(𝜋+𝜋−𝐽/𝜓) 
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𝑀 = 3871.9 ± 0.7stat. ± 0.2sys.  MeV/c
2 

    Γ < 2.4 MeV (90% C. L. )   
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𝑒+𝑒− → 𝜋+𝜋−𝑋 3823 → 𝜋+𝜋−𝛾𝜒𝑐1/2 
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 𝑀 = 3821.7 ± 1.3 ± 0.7  MeV/c2 
 Γ < 16 MeV (90% C. L. ) 


