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The observed XYZ states
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According to the production mechanisms, we can categorize 
them into five groups

see review



Outline
•  and  structures

• Y Problems and higher charmonia

• Summary

Zc Zcs



 and  structuresZc Zcs



Initial Single Pioin Emission (ISPE) mechanism
Explicitly predict charged 

charmonium-like structures existing in 
hidden-charm dipion decays of Y(4260)

Chen, Liu, PRD84 (2011) 094003
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Discovery of Zc(3900)
PRL110 (2013) 252001 PRL110 (2013) 252002 PLB773 (2013) 366

PRL111 (2013) 242001

Discovery of Zc(4020)
arXiv: 1703.08787

Discovery of Zc(4032)
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Reproduce Zc(3900) via the ISPE mechanism�
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Searching 
for  via 

 
channel

Zcs
J/ψKK̄
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Y Problems and higher charmonia



Y(4008)

Y(4260)

Y(4360)

Y(4660)
Y(4630)

Y(4008)

Y(4220)

Y(4320)

Y(4390)

BaBar PRD86:051102

Inference effect

e+e− → J/ψπ+π−

e+e− → ψ(3686)π+π−

e+e− → Λ+
c Λ−

c

Y(4660)
Y(4630)

Past Now
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Chen, He, Liu, PRD83 (2011) 05402 
Chen, He, Liu, PRD83 (2011) 074012 

Chen, Liu, Matsuki, PRD93 (2016) 014011

Chen, Liu, Matsuki, EPJC 78:136 (2018)
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对于粲偶素的理解也折射出我们对QCD的了解还是多么的贫乏

对Y(4220)的理解是⾮常
关键的环节



被安排为粲偶素

这⼀安排对吗？

ψ(4415) ψ(4S)
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The predicted ψ(4S) and its property
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EPJC74 (2014) 3208

The similarity between J/ψ and Y families

The predicted mass of ψ(4S) 
should be located at 4263 MeV 

The screening potential prediction of ψ(4S) mass:
• 4273 MeV Li&Chao PRD79, 094004 (2009) 
• 4247 MeV Dong et al., PRD49, 1642

Consistent

A narro
w state!

Open-charm decay behavior
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Y(4220)= ψ(4S)?

Due to node effect! 
The predicted charmonium ψ(4S) has 

very narrow width around 6 MeV
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Introducing 4S-3D mixing scheme

Our calculation supports this scenario



Predicting  as the partner of ψ(4380) Y(4220)

• The total width of has a 
significant enhancement 

• There exists sizable enhancement of 

ψ(4380)

ψ(4380) → DD2(2460)



Proposing 5S-4D mixing scheme
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An unquenched calculation of mass spectrum of charmonium
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S(r) =
b(1 − e−μr)

μ
+ c

The screened confining potential



Hints from experimental data
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Wang, Qian, X. Liu, Matsuki, Phys.Rev.D101(2020) 034001

BESIII PRL120 (2018) 132002 
Belle PRL 101 (2008) 172001

Belle PRD 91 (2015) 112007 
BESIII PRD 96 (2017) 032004

Two structures?
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6S and 5D mixing scheme for these Y states around 4.6 GeV
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We can depict the Belle data in our framework

e+e− → D+
s Ds1(2536)−

Wang, Qian, X. Liu, Matsuki, Phys.Rev.D101(2020) 034001



Predicting the open-charm decays of vector charmonia  
around and above 4.6 GeV

Wang, Qian, X. Liu, Matsuki, Phys.Rev.D101(2020) 034001
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Summary
Possible topics accessible at BEPCIII

• Searching for  via  channel 

    Measuring  and  invariant mass    

    spectrum at different energy points 

• Finding  and  structures via open-charm 
channels 

• Establishing higher charmonia

Zcs J/ψKK̄

J/ψπ+ hc(1P)π+

Zc Zcs



Thank you for your attention!


