
1

Hunting for the Xb via hidden 
bottomonium decays

Gang Li （李刚）

Department of Physics, Qufu Normal University

Ref:  G. Li，W. Wang, PLB733, 100 (2014); G. Li, Z. Zhou, PRD91, 034020 (2015)

第十二届全国粒子物理学术会议，合肥，2016年8月22-26日

'bb/ZZ



Outline

 Background

 Model and Numerical results

 Summary

2



A summary of observed XYZ states
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A summary of observed XYZ states
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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



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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should be of high priority.( ) , ,b bJX nS      

G.Li, W.Wang, PLB733,100; G.Li, Z.Zhou, PRD91,034020.
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ordinary states and exotic state candidates

9

◆ 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).

…….



Quark-level descriptions of hadronic loop mechanism
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Decomposition of intermediate meson loop transitions
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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 predicted widths are about 1 keV.

The ratio R are not sensitive to the long-range structure of the Xb.



16

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



Summary
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The widths of are about 1 keV and 

tens of keVs, respectively,  which corresponds to sizeable 

branching ratios.

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   
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Thanks for your attention !


