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Charmonium like states 
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BESIII data samples 

• 46 samples 

       ~22 𝑓𝑏−1 

• small scan samples  

     ~2.5 𝑓𝑏−1 
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1−− states in open charm processes 

•  Investigated by measuring the cross section as a function of c.m.s 𝜎( 𝑠) 
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1−− states in open charm processes (cont.) 

•  Investigated by measuring the cross section as a function of c.m.s 𝜎( 𝑠) 

Phys. Rev. Lett., 130, 121901 (2023) 

Phys. Rev., D 106, 052012 (2022) 

arXiv: 2305.10789,   submitted to PRL 

M1 = (4186.5 ± 9.0 ± 30.0)MeV 

M2 = (4414.5 ± 3.2 ± 6.0) MeV 

𝝍 𝟒𝟏𝟔𝟎 /𝝍 𝟒𝟐𝟑𝟎 , 𝝍 𝟒𝟒𝟏𝟓 → 𝑫𝒔
∗+𝑫𝒔

∗−  

𝝍 𝟒𝟑𝟔𝟎  

𝑀 = 4793.3 ± 3.3 MeV  

Γ = 27.1 ± 7.0 MeV 

  6.1𝜎 
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1−− states in hidden charm processes (cont.) 

•  Investigated by measuring the cross section as a function of c.m.s 𝜎( 𝑠) [24 published ] 

𝜂𝐽/𝜓 𝜂ℎ𝑐 𝜂𝜓′ 

𝛾𝜂𝑐 𝛾𝜒𝑐1 𝛾𝜒𝑐2 

𝜔𝜒𝑐0 𝜔𝜒𝑐1 

𝜼′𝑱/𝝍 × 𝟏𝟎 

𝝎𝑿(𝟑𝟖𝟕𝟐) 

𝜸𝑿(𝟑𝟖𝟕𝟐)[→ 𝝅𝝅𝑱/𝝍] × 𝟏𝟎 

𝜙𝜒𝑐1 × 5 𝜔𝜒𝑐2 𝜙𝜒𝑐2 × 5 
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1−− states in hidden charm processes (cont.) 

•  Investigated by measuring the cross section as a function of c.m.s 𝜎( 𝑠) [24 published ] 

Chinese Phys. C 46 111002 (2022) 

Phys. Rev. Lett. 129, 102003 (2022) 

Phys. Rev. D 107, 092005 (2023) 

𝝍 𝟒𝟑𝟔𝟎 ,𝝍(𝟒𝟔𝟔𝟎) → 𝝅+𝝅−𝝍𝟐 𝟑𝟖𝟐𝟑  

4.2𝜎 

>5𝜎 

𝑒+𝑒− → 𝐾+𝐾−𝐽/𝜓 

𝑒+𝑒− → 𝐾𝑠
 𝐾𝑠

 𝐽/𝜓 



8 

1−− states in hidden charm processes (cont.) 

• 𝒆+𝒆− → 𝝅+𝝅−𝜼𝒄,  𝜸𝝅
𝟎𝜼𝒄, 𝝅

+𝝅−𝜼𝜼𝒄  [4.18, 4.23, 4.26, 4.36, 4.42, 4.60, upper limit] 

• 𝒆+𝒆− → 𝝅+𝝅−𝝌𝒄𝑱, [4.18, 4.19, 4.20, 4.21, 4.22, 4.23, 4.245, 4.26, 4.27, 4.28, 4.36, 4.40,  

                                  4.53, 4.60, upper limit] 

• 𝒆+𝒆− → 𝝅+𝝅−𝝅𝟎𝜼𝒄 [4.009, 4.23, 4.26, 4.42, 4.60, upper limit] 

• 𝒆+𝒆− → 𝝆𝑿𝟐 𝟒𝟎𝟏𝟑 → 𝝆𝑫𝑫   [4.36, 4.42, 4.60, upper limit]   

Need: 

Proper parameterization 

couple channel analysis 
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C-even states direct production from  

𝑒+𝑒− annihilation   

• Dedicated scan sample around the resonance 

• Careful study of background process and interference effect! 

𝜒𝑐1 

𝑋(3872) 
𝑒+ 

𝑒− 

𝑐 

𝑐 

JPC

= 1++,2++ 

Phys. Rev. Lett. 129 (2022) 12, 122001 

Phys. Rev. , D107 (2023) , 032007 

𝑒+𝑒− → 𝜒𝑐1 

  → 𝛾𝐽/𝜓 

𝑒+𝑒− → 𝑋 3872

→ 𝜋+𝜋−𝐽/𝜓 

• Bkgs.: 

• 𝑒+𝑒− → 𝛾𝐼𝑆𝑅𝐽/𝜓 

• 𝑒+𝑒− → 𝛾𝜇+𝜇−  
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C-even states-radiative/hadronic transition   

• Small production rate in radiative transition process 

• Low detection efficiency [full reconstruction] or high  

    bkg. [ partial reconstruction] in open charm final state 

 Need novel approach to increase statistics or suppress bkg. 

•  Radiative and hadronic transitions to 𝑋(3872) are observed at BESIII  

• Found evidence of 𝑋(3915)/𝑋(3960) [𝜔𝐽/𝜓 mode] , no obvious signal for 

𝑋(4140), 𝑋(4274), 𝑋(4500) [𝜙𝐽/𝜓 mode], no evidence of 𝑋2(4013) [𝐷𝐷  mode] 

Phys. Rev. Lett. 122, 232002 (2019) JHEP 01, 132 (2023) 
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𝑋(3872) decays 
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𝑍𝑐 𝑠  states 

• Produced in 𝑒+𝑒− annihilation or 𝑏-flavor hadron decays 

• Typically in ℎ+ charmonium final states 

• Intrinsic nature unclear, exotic states? kinematic effects? 



𝑁sig = 85.2−15.6
+17.6 

𝑁sig = 4.2−4.2
+6.1 𝑁sig = 9.3−6.2

+7.3 

𝑁sig = 10.6−7.4
+8.9 𝑁sig = 17.8−7.2

+8.1 
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𝑍𝑐𝑠
±  and 𝑍𝑐𝑠

0   states 

Phys. Rev. Lett. 129, 112003 (2022) 

𝑁sig = 14.4−7.5
+8.9 𝑁sig = 0.0−0.0

+5.8 

𝑁sig = 10.0−5.9
+6.9 𝑁sig = 25.5−11.4

+13.6 

𝑁sig = 26.1−7.5
+8.4 

Phys. Rev. Lett. 126, 102001 (2021) 

4.6𝝈  

• 𝑒+𝑒− → 𝐾+(𝐷𝑠
−𝐷∗0 + 𝐷𝑠

∗−𝐷0) • 𝑒+𝑒− → 𝐾𝑆
0(𝐷𝑠

+𝐷∗− + 𝐷𝑠
∗+𝐷−) 
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𝑍𝑐𝑠
′  in 𝑒+𝑒− → 𝐾+𝐷∗0𝐷𝑠

∗−  

• Chin. Phys. C47, 033001(2023) 

• 𝑚 = 4123.5 ± 0.7 ± 4.7  MeV / 𝑐2 

• Signal: 
𝑝.𝑞

𝑀2−𝑚0
2+𝑖𝑚0Γ 𝑀

2

 •  significance 2.1𝜎 (w. sys.) 

• 𝑒+𝑒− → 𝐾+𝐷∗0𝐷𝑠
∗− 
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𝑍𝑐𝑠 in 𝐾+𝐾−(𝑐𝑐 )  

•  Small cross section of 𝑒+𝑒− → 𝐾𝐾 + 𝑐𝑐  [𝐽/𝜓, ℎ𝑐 , 𝜓′ at similar level], will be difficult 

to get solid conclusion without larger statistics. 
Chinese Phys. C 46 111002 (2022) 

• 𝑠 = 4.127 ∼ 4.6 GeV , ℒ = 15.6 𝑓𝑏−1 

• 𝑒+𝑒− → 𝐾𝐾 𝐽/𝜓 
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Future data samples 

• Pentaquark : 4.96 GeV - 𝑝𝑝 𝜂𝑐 threshold ;  4.97 GeV - 𝑝𝑝  𝐽/𝜓 threshold  
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Summary  

•  Properties of vector charmonium like states have been investigated using various 

processes,  including open charm, hidden charm, and light hadronic final states. 

 Rich structures in the cross section line shapes 

 Hard to get a unified picture with current used strategy [use simply formula to fit cross section], 

require joint effort/better modeling 

•  C-even states 

 Direct electron-positron annihilation process: dedicated data sample, special attention to be 

paid to signal MC modeling with interference effect taken into account 

 Radiative transition: small production rate; Hadronic transition: high energy data sample 

•  𝑍𝑐 and 𝑃𝑐 states 

 Precise measurement of the properties, build connections with other states ⇒Larger data 

sample for heavier states 
Thank you 


