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A summary of observed XYZ states
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X. Liu, Chin. Sci. Bull. (2014) 59(29–30):3815–3830

X(3872): Belle,  PRL91, 262001 (2003).  Cited by 1228.



A summary of observed XYZ states
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X. Liu, Chin. Sci. Bull. (2014) 59(29–30):3815–3830

A: B meson decay B:         annihilatione e 

C: The double charm production D:     fusion process

E: Hidden-charm/bottom dipion and open-

charm/bottom decays of higher charmonia/bottomonia

and charmoniumlike/bottomoniumlike states



Explanations of the XYZ states
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Some meson molecule candidates 
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States Constituent Mass (GeV)

X(3872) DD* 3.87169

Xb
BB*

?

Zc(3900) DD* 3.8887

Zc(4020) D*D* 4.0239

Zb(10610) BB* 10.6072

Zb(10650) B*B* 10.6522

PCJ

1

1

-1

-1

-1

+-1



X(3872)—best established
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Belle， Babar， BESIII， CDF， CMS， D0，LHCb

…….



Conterpart of X(3872)—Xb states
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Conterpart of X(3872): BB* molecule?1 ; 0;PCJ I 

Very Heavy: difficult to directly produce at e e 



Conterpart of X(3872)—Xb states
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Conterpart of X(3872): BB* molecule?1 ; 0;PCJ I 

Very Heavy: difficult to directly produce at e e 

G. Aad et al. [ATLAS Collaboration], Search for the Xb and
other hidden-beauty states in the pi^+ pi^- Upsilon(1S) channel
at ATLAS, Phys.Lett.B740,199(2015).

S. Chatrchyan et al.[CMS Collaboration], Search for a new
bottomonium state decaying to \Upsilon(1S)\pi^+\pi^- in pp
collisions at $\sqrt{s}$ = 8 TeV, Phys.Lett.B 727, 57(2013).

No evidence for Xb signal is found!



Conterpart of X(3872)--Xb states
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should be of high priority.( ) , ,b bJX nS      

G.Li, W.Wang, PLB733,100; G.Li, Z.Zhou, PRD91,034020.



Heavy-meson loops effects in the production and decays of 
ordinary states and exotic state candidates
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◆ Q. Wang, C. Hanhart and Q. Zhao, Phys. Rev. Lett. 111, 132003 (2013); F. -K. Guo, C. 

Hanhart, U. -G. Meißner, Q. Wang and Q. Zhao, Phys. Lett. B 725, 127 (2013); Q. Wang, 

C. Hanhart and Q. Zhao, Phys. Lett. B 725, no. 1-3, 106 (2013); M. Cleven, Q. Wang, F. -

K. Guo, C. Hanhart, U. -G. Meißner and Q. Zhao, Phys. Rev. D 87, no. 7, 074006 (2013).

◆ D. -Y. Chen, X. Liu and T. Matsuki, Phys. Rev. D 84, 074032 (2011); D. -Y. Chen, X. Liu 

and T. Matsuki, arXiv:1208.2411 [hep-ph]; D. -Y. Chen, X. Liu and T. Matsuki, Phys. Rev. 

D 88, 036008 (2013); D. -Y. Chen, X. Liu and T. Matsuki, Phys. Rev. D 88, 014034 (2013); 

D. -Y. Chen and X. Liu, Phys. Rev. D 84, 094003 (2011).

◆ M. B. Voloshin, Phys. Rev. D 87, no. 7, 074011 (2013);M. B. Voloshin, Phys. Rev. D 84, 

031502 (2011).

◆ A. E. Bondar, A. Garmash, A. I. Milstein, R. Mizuk and M. B. Voloshin, Phys. Rev. D 84, 

054010 (2011). 

◆ G. Li, F. -l. Shao, C. -W. Zhao and Q. Zhao, Phys. Rev. D 87, no. 3, 034020 (2013); X. -H. 

Liu and G. Li, Phys. Rev. D 88, 014013 (2013); G. Li and X. -H. Liu, Phys. Rev. D 88, 

094008 (2013).
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Quark-level descriptions of hadronic loop mechanism
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Decomposition of intermediate meson loop transitions

13
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G.Li, W. Wang, Phys. Lett. B733, 100.

Introduce form factors to 

kill the divergence and 

also compensate the off-

shell effects of 

intermediate mesons

Monopole:

Dipole:

( )bX nS  



Adopt the effective Lagrangian approach to do the 
calculation
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Coupling constants determination
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Numerical results
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The Xb Mass Prediction:

Tetraquark calculation:  10504 MeV 

A. Ali, C. Hambrock, I. Ahmed and M. J. Aslam, Phys. Lett. B684, 28 (2010)

Hadronic molecular calculations:

F. K. Guo, C. Hidalgo-Duque, J. Nieves, M,P. Valderrama, Phys. Rev. D88, 

054007 (2013).



Numerical results
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The predicted widths are about 1 keV.

The ratio R are not sensitive to the long-range structure of the Xb.
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G. Li, Z. Zhou, Phys. Rev. D91, 034020.

(1 )bX S  



Coupling constants determinations
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Numerical results for 
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The widths are about tens of keVs, which indicate a sizeable 

branching ratios.  

(1 )bX S  

No significant signal for  has been seen by the Belle 

Collaboration. 

X. H. He et al. [Belle Collaboration], Phys. Rev. Lett. 113,142001 

(2014) 

(1 )bX S  



Detecting the structure of Xb
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The process                 can be used to probe the long 

structure of Xb.
bX BB

( ) , (1 )bX nS S   The processes                              are not sensitive to the 

BB* wave function at the long distance, but rather they are 

determined by the short distance part of the Xb. 

Based on the Xb being an S-wave BB* molecule ansatz

1 1H L H LS S    Xb molecule picuture:

Xb tetraquark picuture:        can be 0 or 1                              HS
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Q. Wu, G. Li, et al., Adv.High Energy Phys. 3729050 (2016) .

(5 ,6 ) bS S X  
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(5 ,6 ) bS S X  



Numerical results for 
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(5 ,6 ) bS S X 

The behavior of the branching ratios is relatively sensitive at small      , while it 

becomes smooth at large       .     
bX

bX



Numerical results for 
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(5 ,6 ) bS S X 



Numerical results for 
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(5 ,6 ) bS S X 



Numerical results for 
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(5 ,6 ) bS S X 

At the same cutoff parameter, the predicted rates for Υ(6𝑆) → 𝛾𝑋𝑏 are a 
factor of 2-3 smaller than the corresponding rates forΥ(5𝑆) → 𝛾𝑋𝑏. 

Except for the largest binding energy 100MeV, the NREFT predictions of 
Υ(5𝑆) → 𝛾𝑋𝑏 are about 1 order of magnitude smaller than the ELA results 
at the commonly accepted range. For Υ(6𝑆) → 𝛾𝑋𝑏, the NREFT predictions 

are several times smaller than the ELA results in small binding energy 
range, while the predictions of these two methods are comparable at large 
binding energy. These differences may give some sense of the theoretical 
uncertainties for the predicted rates and indicate the viability of our 
model to some extent.



Summary
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The widths of are about 1 keV and 

tens of keVs, respectively,  which corresponds to sizeable 

branching ratios. 

The sizeable production ratios of                         may be 

accessible at the future experiments like forthcoming 

BelleII,

Heavy meson loops effects play an important role in the 

decays of exotic states, especially when the initial state 

mass are close to the intermediate meson pair thresholds.

The discrimination of a compact multiquark configuration 

and a loosely bound  hadronic molecule is an important 

aspects in the study of exotics.

( ) , (1 )bX nS S   

(5 ,6 ) bS S X 
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Thanks for your attention !


