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1.  Background
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2. Mixing scheme for  induced by a coupled-channel approachψ(4220)
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A slide from my presentation at the XYZ workshop in Xi’an

Wang, Chen, XL, TM, PRD99 (2019) 114003

Question from the audience: Why is the mixing angle at ?∼ 30∘
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2. Mixing scheme for  induced by a coupled-channel approachψ(4220)

arXiv:2502.08072

We seek to address this question within this year
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2. Mixing scheme for  induced by a coupled-channel approachψ(4220)

⻅满⾃⻰的会议报告

+

Coupled-channel contribution 
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The tensor term in the potential model is 
insufficient to generate large mixing

The coupled-channel effect results in 
large S-D mixing scheme 
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3. Reevaluating the  resonance parameteψ(4160)

The mass changes from 4160 MeV to 4190 MeV

~30 MeV
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3. Reevaluating the  resonance parameteψ(4160)

B+ → K+μ+μ− From vector charmonium
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3. Reevaluating the  resonance parameteψ(4160)
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Peng, Bai, Wang, XL, PRD 111 (2025) 054023

References for unquenched results
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3. Reevaluating the  resonance parameteψ(4160)

ψ(4160) + ψ(4220)

Peng, Bai, Wang, XL, PRD 111 (2025) 054023
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4. Discovery potential of charmonium 2P states through  and e+e− → ωDD̄ e+e− → γDD̄

2P charmonia: 


 





X(3915) ≡ χc0(2P)

X(3872) ≡ χc1(2P)

Z(3930) ≡ χc2(2P)

γγ → J/ψω

Belle, PRL 104 (2010) 092001

X(3915)

Belle, PRL 96 (2006) 082003

Z(3930)

γγ → DD̄

LHCb, PRD 102 (2020) 112003

B+ → D+D−K+

XL, Sun, Luo, PRL 104 (2010) 122001

Relevant work involved in this issue

 channel is 
important to identify 

 and 

DD̄

χc0(2P) χc2(2P)
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4. Discovery potential of charmonium 2P states through  and e+e− → ωDD̄ e+e− → γDD̄

Suggest BESIII to focus on this issue
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4. Discovery potential of charmonium 2P states through  and e+e− → ωDD̄ e+e− → γDD̄

Qian, XL, PRD 108 (2023) 094046
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4. Discovery potential of charmonium 2P states through  and e+e− → ωDD̄ e+e− → γDD̄
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Gao, Qian, XL, PRD 111 (2025) 054021

Our results 
indicate that 

 
is ideal process 

to study 2P 
states of 

charmonium 

e+e− → γDD̄
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5. Non-  decays of DD̄ ψ3(3842)

Non-  decay of  is sizableDD̄ ψ(3770)
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5. Non-  decays of DD̄ ψ3(3842)

1D charmonia:  

  

 

 

ψ(1−−) ≡ ψ(3770)

ψ2(2−−) ≡ ψ2(3823)

ψ2(2−+)

ψ3(3−−) = ψ3(3842)

•  dominantly decays into  via 
P-wave 

•  dominantly decays into  
via F-wave 

• We have reason to conjecture that there 
exists sizable non-  decay

ψ(3770) DD̄

ψ3(3842) DD̄

DD̄

LHCb, JHEP 07 (2019) 035

3810

3770

3850

(MeV)

𝐷𝐷�𝐷𝐷

𝐷𝐷�𝐷𝐷∗

𝜓𝜓3 3842 ≡ 𝜓𝜓(13𝐷𝐷3)

𝜓𝜓 3770 ≡ 𝜓𝜓(13𝐷𝐷1)
𝐹𝐹-wave 
 decay

𝑃𝑃-wave 
 decay

69 MeV

3730
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5. Non-  decays of DD̄ ψ3(3842)

ψ3(3842)
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Non-  decay of  occurs via hadronic loopDD̄ ψ3(3842)
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5. Non-  decays of DD̄ ψ3(3842)

Sizable!

Bai, Lai, Zhou, XL, arXiv:2412.09408



Evidence of  from BESIIIψ3(3842)

With the update of BESIII, it is possible to find the non-  decays of  DD̄ ψ3(3842)

5. Non-  decays of DD̄ ψ3(3842)
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6. Summary

20
E. Braaten, R. Bruschini, arXiv:2409.08002

• XYZ states—Searching for exotic states is still a key issue 
• We still need to pay more attention to the study of 

charmonium, especially for their high-lying states 
• Unquenched effect & high precision hadron spectroscopy 
• Theoretical + Experimental 

Quenched Unquenched



Thank you 
for your 
attention!


