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Charmonium Spectroscopy

• Charmonium states locate in the transition region 

between perturbative QCD and nonperturbative QCD;

• The charmonium spectroscopy allows precision  

tests of QCD and inspired QCD models, 

providing a unique and important perspective on the

dynamics of strong force physics;

• The spectrum of charmonium states with 𝑀 < 2𝑚𝐷

has been well-established for several decades;

• High mass region: Many excited states not found

Many exotic states are observed;
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• Data for charmonium spectroscopy:  10B-𝐽/𝜓,  448M-𝜓(3686)→ 3B-𝜓(3686),  ~22𝑓𝑏−1XYZ above 3.8GeV, 

scan data around 𝜓(3686);

• The goal of BESIII studies of charmonium states: investigate the spectroscopy, transitions, and find new decay 

channels ….. ; 

• The light charmonium states are primarily studied using large and clean samples of 𝜓(3686) or 𝐽/𝜓
decays, the excited charmonium states are produced using higher-energy collisions;
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Charmonium Spectroscopy at BESIII
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• Charmonium →𝐵 ത𝐵…
➢ 𝜓(3686) → തΣ0Λ + 𝑐. 𝑐.;
➢ 𝜒𝑐𝐽(𝐽 = 0,1,2) → ΛഥΛ / 𝑛𝐾𝑠

0Λ + 𝑐. 𝑐.;

➢ 𝜓 3686 , 𝐽/𝜓 → Σ+തΣ−;

• Charmonium → 𝑀𝑒𝑠𝑜𝑛 +
➢ 𝜓(3686) → 𝐾𝑠

0 +anything;

➢ 𝜂𝑐 → 𝜂𝜂𝜂′;

• Charmonium → 𝑋 + Charmonium

➢ 𝜓 3823 decays: Several new decay modes are searched;

➢ 𝜓 4040 /𝜓 4160 decays: Possible 𝜓 4040 /𝜓 4160 → 𝛾𝜒𝑐1,𝑐2 in 𝑒+𝑒− →

𝛾𝜒𝑐0,𝑐1,𝑐2; 
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Recent results at BESIII
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PRD 103,112004(2021)

Data: 4.481 × 108 𝜓(3686)

• The BF of  isospin violating decay 𝛙(𝟑𝟔𝟖𝟔) → ഥ𝜮𝟎𝚲 + 𝐜. 𝐜. is 

measured  to be:

• CLEO-c:  PRD 96, 092004 (2017)

• Theoretical prediction: Int. J. Mod.Phys. A 30, 1550148

• Smaller than CLEO-c result,  consistent with Theoretical prediction;
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𝜓(3686) → തΣ0Λ + 𝑐. 𝑐.

Β 𝜓 3686 → തΣ0Λ + 𝑐. 𝑐. = 1.60 ± 0.31 ± 0.13 ± 0.58 × 10−6,

Interference between 𝜓(3686) and continuum process 

Β 𝜓 3686 → തΣ0Λ + 𝑐. 𝑐. = 12.3 ± 2.4 × 10−6,

Β 𝜓 3686 → തΣ0Λ + 𝑐. 𝑐. = 4.0 ± 2.3 × 10−6,
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arXiv:2106.13442

Data: 4.481 × 108 𝜓(3686)

• The decay 𝜒𝑐𝐽 → 𝑛𝐾𝑠
0Λ + 𝑐. 𝑐 are observed for the first time;

• The BFs of 𝜒𝑐𝐽 → 𝑛𝐾𝑠
0Λ + 𝑐. 𝑐 are measured,  the ratios B(𝜒𝑐𝐽 → 𝑝𝐾−Λ + 𝑐. 𝑐)/𝐵(𝜒𝑐𝐽 → 𝑛𝐾𝑠

0Λ + 𝑐. 𝑐) 

are measured; No obvious isospin violation is observed
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𝜒𝑐𝐽 → 𝑛𝐾𝑠
0Λ + 𝑐. 𝑐

𝐾𝑠
0 signal region 𝐾𝑠

0 sideband region
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PRD 103,112004(2021)

Data: 4.481 × 108 𝜓(3686)

• The BF of  decay 𝝌𝐜𝑱 → 𝜦ഥ𝜦 via 𝜓 3686 → 𝛾𝜒𝑐𝐽 are measured;

• The BFs are consistent with PDG values;

• Not consistent with the theoretical predictions, this should be understood 

further; Eur. Phys. J. A 23, 129, J. Phys. G 38, 035007, Eur. Phys. J. C 14, 643

(e.g. 𝝌𝐜𝟎 ~1.19~1.51× 10−4); 
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𝜒c𝐽 → ΛഥΛ

Uncertainties from 𝜓 3686 → γ𝜒𝑐𝐽
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arXiv:2107.02977

Data: 4.481 × 108 𝜓(3686) and 1.31 × 109 𝐽/𝜓

• The BF of  decay 𝜓 3686 and 𝐽/𝜓 → Σ+തΣ− are measured to be:

• The BFs are in agreement with previous measurement (BES and CLEO), 

with improved precision; Phys. Rev. D 78, 092005, Phys. Rev. D 96, 092004
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𝜓 3686 and 𝐽/𝜓 → Σ+തΣ−

𝑱/𝝍 → 𝜮+ഥ𝜮−

𝝍(𝟑𝟔𝟖𝟔) → 𝜮+ഥ𝜮−
violate the “12% rule”
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• Charmonium →𝐵 ത𝐵…
➢ 𝜓(3686) → തΣ0Λ + 𝑐. 𝑐.;
➢ 𝜒𝑐𝐽(𝐽 = 0,1,2) → ΛഥΛ / 𝑛𝐾𝑠

0Λ + 𝑐. 𝑐.;

➢ 𝜓 3686 , 𝐽/𝜓 → Σ+തΣ−;

• Charmonium → 𝑀𝑒𝑠𝑜𝑛 +
➢ 𝜓(3686) → 𝐾𝑠

0 +anything;

➢ 𝜂𝑐 → 𝜂𝜂𝜂′;

• Charmonium → 𝑋 + Charmonium

➢ 𝜓 3823 decays: Several new decay modes are searched;

➢ 𝜓 4040 /𝜓 4160 decays: Possible 𝜓 4040 /𝜓 4160 → 𝛾𝜒𝑐1,𝑐2 in 𝑒+𝑒− →

𝛾𝜒𝑐0,𝑐1,𝑐2; 
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Recent results at BESIII



PANIC 2021

arXiv:2106.08766 
Accepted by PLB

Data: ℒ = 5.9𝑓𝑏−1 ,  𝑠 = 3. 640 − 3.701 GeV

• Measurements of the BFs of inclusive 𝜓(3686) decays can guide the 

search for new exclusive decay modes. 

• The BF of 𝜓(3686) → 𝐾𝑠
0 + anything is measured for the first time by 

fitting the observed inclusive 𝐾𝑠
0 cross sections around ψ(3686) energy 

region:

• The sum of all the BFs of ψ(3686) decays to exclusive 𝐾𝑠
0 final states is 

∼ 5.95% as reported in the PDG;(Much lower than the current 

measurement)

• This suggests that there are many undiscovered exclusive channels for 

ψ(3686) decay to final states containing 𝐾𝑠
0.
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𝜓(3686) → 𝐾𝑠
0 + anything
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PRD 103,012009(2021)

Data: 1.31 × 109 𝐽/𝜓

• The decay 𝜂𝑐 → 𝜂𝜂𝜂′ are observed for the first time,

which is compatible with the theoretical prediction; Eur. Phys. J. A 

54, 139 (2018)
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𝜂𝑐 → 𝜂𝜂𝜂′

Β 𝐽/𝜓 → γ𝜂𝑐 , 𝜂𝑐 → 𝜂𝜂𝜂′ = 4.86 ± 0.62 ± 0.45 × 10−5,
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• Charmonium →𝐵 ത𝐵…
➢ 𝜓(3686) → തΣ0Λ + 𝑐. 𝑐.;
➢ 𝜒𝑐𝐽(𝐽 = 0,1,2) → ΛഥΛ / 𝑛𝐾𝑠

0Λ + 𝑐. 𝑐.;

➢ 𝜓 3686 , 𝐽/𝜓 → Σ+തΣ−;

• Charmonium → 𝑀𝑒𝑠𝑜𝑛 +
➢ 𝜓(3686) → 𝐾𝑠

0 +anything;

➢ 𝜂𝑐 → 𝜂𝜂𝜂′;

• Charmonium → 𝑋 + Charmonium

➢ 𝜓 3823 decays: Several new decay modes are searched;

➢ 𝜓 4040 /𝜓 4160 decays: Possible 𝜓 4040 /𝜓 4160 → 𝛾𝜒𝑐1,𝑐2 in 𝑒+𝑒− →

𝛾𝜒𝑐0,𝑐1,𝑐2; 
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Recent results at BESIII
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PRD103, L091102 (2021)
Data: ℒ = 19𝑓𝑏−1 ,  𝑠 = 4.1 − 4.7 GeV

• The new decay modes of 𝜓2 3823 are searched;

consistent with theoretical predictions PRD 55, 4001 PRL89, 162002 

lower than theoretical predictions  

• 𝜓2 3823 → 𝛾𝜒𝑐1: confirm the previous observation at BESIII,         

with 11.8𝜎;

• No significant 𝜓2 3823 signals are observed for other channels;

• Evidence for 𝑒+𝑒− → 𝜋0𝜋0 𝜓2 3823 , 4.3𝜎;
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Search for new decay modes of 𝜓2(3823)

3.2𝝈

4.3𝝈

11.8𝝈
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𝑒+𝑒− → 𝛾𝜒𝑐0,𝑐1,𝑐2 arXiv: 2107.03604

Data: ℒ = 19.3𝑓𝑏−1 ,  𝑠 = 3.77 − 4.6 GeV

• The processes of 𝑒+𝑒− → 𝛾𝜒𝑐1,𝑐2 are observed for the first time @ 4.178 

GeV (7.6𝜎and 6.0𝜎) ;

• Components in the cross section fit:

➢ 𝑒+𝑒− → 𝛾𝜒𝑐1: 𝜓 3686 , 𝜓 3770 , 𝜓(4040), 𝜓(4160) + 

continuum contribution;

𝜓(4040) (3.3𝜎), 𝜓(4160) (3.7𝜎), continuum (6.7𝜎);

➢ 𝑒+𝑒− → 𝛾𝜒𝑐2:  𝜓 3686 , 𝜓 3770 , 𝜓(4040), 𝜓(4160) + 

Y(4360);

𝜓(4040) (2.0𝜎), 𝜓(4160) (4.6𝜎), Y(4360) (5.8𝜎);

• The measured cross section are consistent with potential model (3S/2D) 

predictions, except for B[𝜓(4160) → 𝛾𝜒𝑐2] (~10−4) is much larger than 

potential model predictions(~10−7);

𝒆+𝒆− → 𝜸𝝌𝒄𝟐
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𝒆+𝒆− → 𝜸𝝌𝒄𝟏
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𝑒+𝑒− → 𝛾𝜒𝑐0
Data: ℒ = 15𝑓𝑏−1 ,  𝑠 = 4.0 − 4.6 GeV

• 𝜒𝑐0 → 𝐾+𝐾−𝜋+𝜋−/2(𝜋+𝜋−)/𝐾+𝐾−;

• No obvious signal of 𝑒+𝑒− → 𝛾𝜒𝑐0 ;

• The UL is consistent with potential model expectations;
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𝑒+𝑒− → 𝛾𝜒𝑐0,𝑐1,𝑐2 arXiv: 2107.03604
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Summary

• Many progress in the study of  charmonium decays in a recent year at BESIII;

• With 10 B 𝐽/𝜓 and 3B 𝜓 3686 , more precise measurements are coming!

• In this talk, we present the new decay channels or new measurements of (𝜂𝑐, 𝐽/𝜓, 

𝜓 3686 , 𝜒𝑐𝐽), and new transitions (𝜓2(3823),𝜓 4040 ,𝜓 4160 );

Thanks for your attention!!!
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Back Up
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