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The observed 
charmonium-like states 

XYZ



A summary of the observed XYZ states

In past decade, more and more XYZ states have been reported 
by experiments

BaBar, Belle, CDF, D0, CLEOc, LHCb, CMS, BESIII
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X. Liu, Chin. Sci. Bull., 59: 3815–3830 (2014)



In general, the observed XYZ states can be categorized into five groups 
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X. Liu, Chin. Sci. Bull., 59: 3815–3830 (2014)

How to explain these novel phenomenon



XYZ states from B 
meson decays



Abundant experimental informaiton for X(3872)
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molecular state
The possible theoretical explanations for X(3872)

(1)
(2)

Belle

BaBar

These experimental ratios are 
crucial to test the structure of 

X(3872)

The molecular explanations to XYZ states observed 
from B meson decays are very popular 
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These similarities inspire us propose the hidden-charm molecular states 
explanations: 

Liu & Zhu, PRD79:094026 (2009)

Y(4140) and Y(3940) as Ds*Ds* and D*D* molecular 
states respectively

BaBar, PRL101:082001 (2008)

CDF, PRL102:242002 (2009)
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Y(4140) Y(4274) CDF, PRL102:242002 (2009)

D0 (PRD89:012004) and CMS 
(PLB734:261) confirmed the 
observations of Y(4140) and 

Y(4274)

Liu, Luo, Zhu, Phys Lett B 699:341 (2009)

Y(4274) as the S-wave DsDs0(2317) molecular state

There exist 
event clusters

New hidden-
charm molecular 

states?
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X(3915), X(4350) and Z(3930) 

produced by the two-photon fusion
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Y states directly from the e+e- 

annihilation



Non-resonance explanations to Y(4260) and Y(4360)

Interference effect from ψ(4160) and ψ(4415)

The Y(4260) and Y(4360) 
signals can be reproduced well
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Charged bottomoniulike and 
charmoniumlike states 

announced by Belle and BESIII 



Initial Single Pion Emission (ISPE) 
mechanism 

D.Y. Chen, Xiang Liu, Phys.Rev.D84:094003,2011 

5 Xiang Liu@Lanzhou University 
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B*B* 

BB* 

BB 

Exp 

Kitty head! 

6 Xiang Liu@Lanzhou University 

BB* BB B*B* 

D.Y. Chen, Xiang Liu, Phys.Rev.D84:094003,2011 

7 Xiang Liu@Lanzhou University 
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Motivation: 
If the ISPE mechanism is an universal mechanism in 
heavy quarkonium dipion decays, we naturally 
extend the ISPE mechanism to study the hidden-
charm dipion decays of higher charmonia 

• The similarity between charmonium and 
bottomonium 

• Give predictions for future experiment 
• An important test to the ISPE mechanism    

Novel charged structures  
existing in the hidden-charm dipion decays of  

higher charmonia or charmonium-like states 
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Initial Single Pion Emission 
(ISPE) mechanism

Chen, X. Liu, PRD84, 094003 (2011)

Predict charged charmonium-like structures near D*D 
or D*D* threshold
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Zc(3900) observed by BESIII 

Xiang Liu @ LZU 12 

BESIII, PRL 110, 252001 (2013) 

� A charged charmonium-like structure    
� Near the          threshold  
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Zc(3900) confirmed by Belle 

Xiang Liu @ LZU 13 

BESIII, PRL 110, 252002 (2013) 

Belle confirmed the BESIII 
observation of Zc(3900)! 
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Summary
More and more novel phenomena of XYZ states have 
been reported  

Identify these XYZ states as resonances (charmonia or 
exotic states)

Non-resonance phenomena

1. Y(4260) and Y(4360) are not genuine resonances

2. Zc(3900) can be reproduce by the ISPE mechanism

We still need more theoretical and experimental joint efforts
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Thank you for your 
attention


