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In the quark model, the traditional baryon consists of three quarks, and 

the meson consists of two quarks.

Most of the charmonium states listed in PDG
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I. Background : Development of charmonium mass spectrum



Cornell potential

So many 𝒀(𝟏−−) states have been reported! 

How to understand these 𝒀 states? 
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I. Background : Development of charmonium mass spectrum



I. Background : 𝑌 4220 / 𝜓(4S)
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EPJC 74, (2014) 3208 The predicted 𝜓(4S)

4263 MeV𝜓(4S)

Consistent

𝑴 𝝍𝟒𝑺 = 𝟒𝟐𝟕𝟑 𝐌𝐞𝐕

𝑴 𝝍𝟒𝑺 = 4274 𝐌𝐞𝐕

𝑴 𝝍𝟒𝑺 = 4262 𝐌𝐞𝐕

Screening Potential

The similarity between charmonium and bottomium

I. Background : 𝑌 4220 / 𝜓(4S)
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Depicting the charmonimum spectrum 

with unquenched potential model 𝜓(4S)

𝑆 − 𝐷
mixing

The linear confining br + c including in the potential is modified as

⚫ Reproduce the masses of observed states

⚫ 𝑌(4220) is an important scaling point

Screening potential

Characteristic spectrum of charmonium

I. Background : Unquenched charmonium spectrum



Phys. Rev. D 107, 054016 (2023) Phys. Lett. B 849, 138456 (2024)
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𝑒+𝑒− → 𝐾+𝐾−𝐽/𝜓 𝑒+𝑒− → 𝐷0𝐷∗−𝜋+

I. Background : Unquenched charmonium spectrum
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II. The puzzling line shape in 𝑒+𝑒− → 𝜂𝐽/𝜓 process



Hadron loop Branching ratios :
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Hidden charm decay

II. The puzzling line shape in 𝑒+𝑒− → 𝜂𝐽/𝜓 process
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The total amplitude is

An exponentially parametrized background

The intermediate charmonium can be described 

Breit-Wigner function 

The total cross section of 𝑒+𝑒− → 𝜂𝐽/𝜓 can be written as

With the same cut off parameter 

𝛼 (in Form factor) for each sate

Scheme I

II. The puzzling line shape in 𝑒+𝑒− → 𝜂𝐽/𝜓 process
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With cut off parameter 𝛼 from 1 to 5

Scheme II

II. The puzzling line shape in 𝑒+𝑒− → 𝜂𝐽/𝜓 process
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III. Reevaluating the 𝜓 4160 resonance parameters 

~ 30 MeV

The mass changes from 4160 MeV to 4190 MeV
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III. Reevaluating the 𝜓 4160 resonance parameters 
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References for unquenched results from 2014

III. Reevaluating the 𝜓 4160 resonance parameters 



𝝍 𝟒𝟏𝟔𝟎 +𝝍 𝟒𝟐𝟐𝟎

Vector Charmonium

Peng, Bai, Wang, Liu, PRD 111 (2025) 054023

III. Reevaluating the 𝜓 4160 resonance parameters 
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𝝍 𝟒𝟏𝟔𝟎 +𝝍 𝟒𝟐𝟐𝟎

III. Reevaluating the 𝜓 4160 resonance parameters 
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⚫ Combining unquenched charmonium mass spectrum and hadronic 

mechanism, explains line shape asymmetry in 𝑒+𝑒− → 𝜂𝐽/𝜓 cross section. 

⚫ Taking into account the interference between the 𝜓(4160) and 𝜓(4220) 

under unquenched charmonium spectrum, solving the mass deviation of 

the 𝜓(4160). 

Thanks

Summary


