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

see review



Discovery modes



Discovery modes (continued)

Abundant discovery modes—hidden-charm and open-
charm decay channels
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Zb(10610) and Zb(10650)



XYZ Physics

• Mass spectrum: conventional meson, exotic states

• Decay behavior

• Production

Y(2175) Y(4260) Y(10860)

e+e− → Y(2175) → ϕππ e+e− → Y(4260) → J/ψππ e+e− → Υ(10860) → Υππ
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Y states at 2.1 GeV



Experimental status of Y(2175)



ss̄

ss̄g

ϕKK̄

ΛΛ̄

Different explanations
• Strangenium

• Hybrid

• Three-body system

• Molecular state

See review 



Y(2175) as 2D state in phi meson family



BESIII arXiv:1811.08742

Difference of resonance parameter

More news





2.1 GeV

rho meson

omega mesonphi meson

Exotic states

We need to pay more attentions to the 
physics around this energy range



Y states at 4.2 GeV



BaBar

PRL 95:142001 (2005) Y(4260)

No evidence of 
Y(4260) in R scan 

data and open-
charm decay 

channels

PDG Puzzle!
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Theoretical explanations

Exotic state
Charmonium hybrid     

Zhu, Kou&Pene, Close&Page 
Diquark-antidiquark state 

Maiani&Riquer&Piccinini&Polosa 
Ebert&Faustov&Galkin 

Molecular state  
Liu&Zeng&Li, Yuan&Wang&Mo, 

Qiao,Ding,Torres&Khemchandani&Gamerma
nn&Oset, Close&Downum&Thomas 

Charmonium hybrid state with 
strong coupling with DD1 and 

DD0 
Kalashnikova &Nefediev

The lack of signal in certain 
channels also poses a serious 
challenge to a number of the 
explanations proposed in the 
framework of an exotic state

Difficulty

Conventional 
charmonium

4S-3D vector charmonium 

Lanes-Estrada 

23D1 state decay behavior 
Eichten&Lane&Quigg 

Mass spectrum Y(4260) 

≠charmonium  
Segovia&Yasser&Entem&Fernandez 

Screened potential Y(4260) =Ψ(4S) 
Li&Chao

Difficulty
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No evidence of Y(4260) in 
R scan data and open-
charm decay channels
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• Asymmetric Y(4260) structure can be reproduced by Fano-like 
interference picture

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

Chen, Liu, Matsuki, PRD93 (2016) 014011
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Continuum Charmonium

Interference

Non-resonant picture of Y(4260)

• Explain why ψ(4160) and ψ(4415) 
signals are missing in data 

• Naturally understand why no 
evidence of Y(4260) in R scan 
data and the open-charm decay 
channels

Success:



In 2017, BESIII gave more precise data of e+e-→J/ψπ+π-  

 20

Y(4260) Y(4220) + Y(4330)



Fano-like interference 
picture plays 

resonance killer to Y(4330)

Introducing a narrow structure Y(4220) and considering Fano-like 
interference picture can reproduce the data well!

What is Y(4220)?
 21

Resonance parameter

Chen, Liu, Matsuki, EPJC 78:136 (2018)



PRL 98:212001 (2007)
Y(4360)

PRL 99:142002 (2007)
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No evidence of Y(4260)/Y(4360) 
in the obtained open-charm 
process and R-value scan
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The 
situation 

of Y(4360) 
is similar 
to that of 
Y(4260)



Fano interference effect also plays 
resonance killer to Y(4360)

Chen, He and Liu, PRD 83:074012 (2011)
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Data from two experiments

• BaBar: PRL 98, 212001 (2007)

• Belle:    PRL 99:142002 (2007) 



Y(4220)+Y(4390)

 24

More Y structures 
are reported!

How to explain 
them?



Only Y(4220) is left

 25

m = (4211 ± 6) MeV

Γ = (47 ± 13) MeV

from our fit



Summary of Y states from 
electron and positron annihilations

Y(4008)

Y(4260)

Y(4360)

Y(4660)
Y(4630)

Y(4008)

Y(4220)

Y(4320)

Y(4390)

Y(4660)
Y(4630)

Belle PRL99:182004 BaBar PRD86:051102

Inference effect

e+e− → J/ψπ+π−

e+e− → ψ(2S)π+π−

e+e− → Λ+
c Λ−

c



Summary of Y states from 
electron and positron annihilations
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Summary of Y states from 
electron and positron annihilations

Y(4220)

Y(4660)
Y(4630)



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

 29
Y(4220)= ψ(4S)?

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

very narrow width around 6 MeV
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e+e−→χc1ω and e+e−→χc2ω are not significant

e+e−→χc0ω

M = 4230 ± 8 MeV  Γ=38 ±12 MeV

The observation of e+e−→χc0ω from BESIII 

If taking the mass of ψ(4S) 
to be 4230 MeV (Expt.), we 
find:
• ψ(4S)→χc0ω is allowed
• ψ(4S)→χc1ω and ψ(4S) 
→χc2ω are forbidden 
kinematically

Explain why only 
e+e−→χc0ω was 

reported by BESIII 

BESIII, Phys. Rev. Lett. 114, 092003 (2015)
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Our theoretical result overlaps with the experimental data in a 
reasonable parameter range of 2.6 < αΛ < 4.0 and 1.83 < R < 2.17 

e+e− → ωχc0 observation can be understood through introducing 
the predicted ψ(4S ) contribution 

• Coupled-channel effect
• Non-perturbative properties 

of QCD
• Hadronic loop is an effective 

description for this effect
Chen, X. Liu, Matsuki, PRD91 (2015) 094023
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The total cross section can be described by

Experimental data

Resonance parameter:

 33



By introducing ψ(4S), the branching ratio B(ψ(4S) →ψ(2S)π+π-) 
resulting from meson-loop contributions overlaps with the upper 

limit, 3×10-3, obtaining by fitting the cross section for e+e-→ψ(2S)π+π- 

Chen, X. Liu, Matsuki, PRD93, 034028 (2016)
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Combined fit to e+e− → ψ(2S)π+π−, hcπ+π−, χc0ω

Resonance parameter:

Chen, X. Liu, Matsuki
PRD93, 034028 (2016)
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If Y(4220) narrow is ψ(4S), Y(4220) should be 
observed in open-charm decay channel!  

 36

arXiv:1808.02847 M = 4228.6 ± 4.1 ± 5.9MeV
Γ = 77.1 ± 6.8 ± 6.9MeV



Cornell potential
 37



psi(4415) as 4S state was proposed here
Is it a correct assignment?
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对于粲偶素的理理解也折射出我们对 QCD的了了解还是多么的贫乏

对Y(4220)的理理解是⾮非常
关键的环节







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�

 44



Lattice QCD simulation does not support exotic 
resonance explanation to Zc(3900)

Lattice QCD simulation
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s = 4.416 GeV

s = 4.358 GeV

s = 4.258 GeV

s = 4.226 GeV

The line 
shapes of 
structures 
changes 

with 
increasing 

energy

Consistent 
with our 

prediction





Physics around higher Upsilon states



Examples for higher bottomonia

Confirmed by Belle



Confirmed by Belle  PRD98 (2018) 091102



Prediction:



Prediction



Abundant physics



Summary

1. Abundant physics at 2.1 GeV, 4.2 GeV and 10.860 GeV 
2. Chance and challenge for theorist and experimentalist
3. Theoretical and experimental joint effort



Thank you 
for your 
attention!


