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Many analyses on XYZ states 
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Renormalization 

Constant Z 

Z —> 0 Molecule 

Z —>1 Elementary State From Michael R Pennington 

Elementary state vs Molecule 
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Outline 

• X(4260) 

• X(3872) 

• Zc(3900) 

• Zb(10610) and Zb(10650) 

•               and 

 

)600(0f )980(0f



X(4260) 

• Charmonium 
spectrum.  
– Eur. Phys. J. C74 

(2014) 3026 
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• BaBar first observed in initial 

state radiation process.  
– Phys. Rev. Lett. 95, 142001 

(2005) 

• Confirmed by Belle and 

CLEO.  
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• In signal region. 

– Phys. Rev. Lett. 
110, 252001 
(2013).  

– PRL 99, 182004 (2007).  

– Phys. Rev. Lett. 111, 
242001 (2013). 
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X(4260) in hadronic decay 
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X(4260) in hadronic decay 
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• BES III measurement: 

     PRL 114 092003 
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L. Y. Dai, Archive 1206.6911 
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• BESIII 
measurement  

– Phys. Rev. Lett. 
111 242001. 

• Maybe resonant 
structures 

– C. Z. Yuan, Chin. 
Phys. C38 
043001. Red: 

Blue:  
ch
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Theoretical explanation on X(4260) 
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Our consideration 
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Photon 
field 

Chiral block 



Final state interaction between pions 
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Propagator 
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What about Zc in X(4260) 
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Numerical Fit 
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Fit I 

R = 0.66 

R = 0.56 

R =…… 

Fit II 

R = 0.66 

R = 0.56 

R = …… 
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Numerical: Fit I 
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Numerical: Fit II 
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Numerical: Fit II 
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Numerical 

• Scaling law exists in Fit I.  
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Numerical 

• Riemann Sheets and pole position: 
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X(4260): conclusion 
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tend to vanish.  

If there is no other decay channel. 

Two nearby poles indicate an “elementary” particle 



Molecule 

Elementary 

And mixed 

X(3872): Including bubble chains 
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Elementary state & Molecule 
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arxiv:1411.3106 
Fit I  Elementary State   Two poles 

Fit II  Molecule                One pole 
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• Hadronic molecule: 
– E. Wilbring, et al., Phys. Lett. B726 (2013) 326, 
– J. R. Zhang, Phys. Rev. D87 116004(2013). 

• Tetraquark: 
– J. M. Dias, Phys. Rev. D88 016004(2013), 
– Y. Chen, Phys. Rev. D89 094506(2014). 

• Cusp effects: 
– Adam P. Szczepaniak, arXiv:1501.01691. 

• ...... 
 

• Molecule? Confining state(tetraquark,…)? 
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Theoretical model 
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Theoretical model 
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Theoretical model 
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Amplitude 
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Partial wave analysis 
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Preliminary numerical results 
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                     Fit I, 456.5/(332-28)=1.5 
                     Fit II, 491/(332-25)=1.874  

fod ../2
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n=1,2,3 

and 

Zb(10610) and Zb(10650) 
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• Many Evidences point to a molecule Zb state 

 
    M. B. Voloshin  
 

 

 

 

 

 

 

 

    T. Mehen 
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Final Conclusions 

Careful studies using pole counting rule: 

 

1)     X(3872) is mainly a cc bar state 

 

2)    X(4260) is an elementary particle 

 

3)    Zc(3900) (and Zb)   is a molecular state 



 



 



 



 



 



Thank you! 


