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• Prediction of a missing higher charmonium 
around 4.26 GeV in 𝑱/𝝍 family  

 
• The role of the predicted 𝝍 𝟒𝑺  in the 

observed 𝒆+𝒆− → 𝝎 𝝌𝒄𝟎 
 
• Summary 



Prediction of a missing higher 
charmonium around 4.26 GeV in 

J/ψ family 

He, Chen, Liu, Matsuki, Eur. Phys. J. C 74, 3208 (2014) 



The Similarity  between 𝑱/𝝍 and 𝚼 family  

The Comparison of the 𝑱/𝝍 family with the 
𝚼 family  
  Similarity 
1. The mass gap between 𝝍(𝟐𝑺) and 𝐉/𝝍 

is almost the same as that between 
𝚼 𝟐𝐒  and 𝚼(𝟏𝐒) 

2. There also exists the similarity of the 

mass differences, 𝑴 𝝍 𝟑𝑺 −

𝑴 𝝍 𝟐𝑺  and 𝑴 𝚼 𝟑𝑺 −

𝑴 𝚼 𝟐𝑺 , where  𝝍 𝟐𝑺  and 𝝍 𝟑𝑺  

correspond to 𝝍 𝟑𝟔𝟖𝟔  and 𝝍 𝟒𝟎𝟒𝟎 , 
respectively. 

 Violation 
If 𝝍 𝟒𝟒𝟏𝟓  is 𝝍 𝟒𝑺 , such a law is violated 
since the mass gap of 𝝍 𝟒𝟒𝟏𝟓  and 𝝍 𝟑𝑺  
is larger than that of 𝚼 𝟒𝐒  and 𝚼(𝟑𝐒) 





𝐦: 𝟒𝟐𝟓𝟏 ± 𝟗 𝐌𝐞𝐕   
 𝚪:  𝟏𝟐𝟎 ± 𝟏𝟐 𝐌𝐞𝐕 

𝐦: 𝟒𝟑𝟔𝟏 ± 𝟗 ± 𝟗 𝐌𝐞𝐕   
 𝚪: 𝟕𝟒 ± 𝟏𝟓 ± 𝟏𝟎  𝐌𝐞𝐕 









The role of the predicted 𝝍 𝟒𝑺  in 
the observed 𝒆+𝒆− → 𝝎𝝌𝒄𝟎 

Chen, Liu, Matsuki, arXiv:1411.5136 







𝚼 𝟓𝐒 → 𝝎𝝌𝒃𝑱   PROCESS  

Chen, Liu, Matsuki, Phys. Rev. D90, 034019 (2014) 

Dian-Yong Chen @IMP,CAS 13 



  

𝚼 𝟓𝐒 → 𝝎𝝌𝒃𝑱: Experimental information 
PhysRevLett.113.142001(2014)@Belle 

𝝎 signal region outside of the 𝝎 signal region 

Dian-Yong Chen @IMP,CAS 14 



Meson Loop contributions: 

Quark Level 

• meson loop contributions are 

evaluated in hadron level  

• interactions are described by 

effective Lagrangians 

• effective Lagrangians are 

constructed based on heavy 

quark symmetry & chiral 

symmetry 

Quenched (OZI Suppressed) Unquenched (Meson Loop) 

Dian-Yong Chen @IMP,CAS 15 



Form factors:  

• Internal structures of the 

involved particles 

• Off shell effects 

• Remove the divergence of the 

loop integrals  

Monopole form 

Conclusion: 

• Meson loop can explain the 

experimental data 

• Common alpha range 

• Reflect the similarity of these 

processes 

Chen, Liu, Matsuki, PRD90,034019 

Dian-Yong Chen @IMP,CAS 16 



PROCESS  

Chen, Liu, Matsuki, Phys. Rev. D87, 054006 (2013) 

𝝍 𝟒𝟎𝟒𝟎 /𝝍 𝟒𝟏𝟔𝟎 → 𝑱/𝝍𝜼 

Dian-Yong Chen @IMP,CAS 17 



𝝍 𝟒𝟎𝟒𝟎 /𝝍 𝟒𝟏𝟔𝟎 → 𝑱/𝝍𝜼: Experimental information 

. 

Phys.Rev.D87(5): 051101(2013)@Belle 

𝒆+𝒆− → 𝑱/𝝍𝜼 

Phys.Rev.D86: 071101@BESIII 

η signal in 𝑱/𝝍(𝝁+𝝁−)  signal 

region @4.009 GeV 

𝑩 𝝍 𝟒𝟎𝟒𝟎 → 𝜼𝑱/𝝍  

= 𝟓. 𝟐 ± 𝟎. 𝟓 ± 𝟎. 𝟐 ± 𝟎. 𝟓 × 𝟏𝟎−𝟑 

• Consistent with Solution I of 

Belle Collaboration 
Dian-Yong Chen @IMP,CAS 18 



Meson Loop contributions 

B(𝝍 𝟒𝟎𝟒𝟎 /𝝍 𝟒𝟏𝟔𝟎 → 𝑱/𝝍𝜼)  

𝑹𝜼′/𝜼(𝝍 𝟒𝟏𝟔𝟎 )  

Chen, Liu, Matsuki,PRD87,054006 

• The ratio is weakly dependent on 

parameter α; 

• Predicted: 𝑩(𝝍 𝟒𝟏𝟔𝟎 →
𝜼′𝑱/𝝍) = 𝟐 ∼ 𝟒. 𝟖 × 𝟏𝟎−𝟒 ; 

• Consistent with upper limit (5 

×10-3) @CLEO (PRL96,162003) 

Dian-Yong Chen @IMP,CAS 19 



PROCESS  𝝍 𝟒𝑺 → 𝝎𝝌𝒄𝟎 

Dian-Yong Chen @IMP,CAS 20 













Experimental measurement of 𝒆+𝒆− → 𝜼𝑱/𝝍 

𝝍 𝟒𝑺 ? 

 Recent  measurement from BESIII Collaboration  
     indicate there  exist a enhancement near 4.2 GeV. 

arXiv:1503.06644 
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