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Charmonium-like states X, Y, Z

In the past seven years, about 16 charmonium-like 

states were observed.

BaBar, Belle, CLEO, CDF

Production mechanism: Four
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Observed in hidden-charm decay 

channel or open-charm decay channel

Understand the underlying properties of the observed charmonium-like states

Conventional charmonium  +  Exotic states + …



Experimental status: X(3915)  X(4350)  

Z(3930)  X(3872)

 fusion process

Z(3930)                 Belle + BaBar

X(3915) Belle 

X(4350) Belle 

++ ++

 quantum number of the charmonium-like state 

observed in  fusion process favors 

             0  2              or      

PCJ


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The  charmonium-like states in  fusion process

Phys.Rev.Lett.104:112004,2010
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The experimental mesurement of X(3872)

Abundant 

experimental 

information

Different mass 

values from 

different 

experiments

BaBar gave 

new result of 

the Spin-parity 

quantum



Mass spectrum analysis

7                                   Xiang Liu @ LZU

X(3915) 

J      = 0      or  2

M=3916 MeV Godfrey-Isgur relativized potential model

Barnes, Godfrey, Swanson PRD72, 054026

Close to the mass of Z(3930)      small spin splitting

Blind to DD* channel coupled-channel effect is small

++PC ++

0 0 1(3415)       (3510)      

P-wave charmoniu

   (35 6)

m

5c c c  
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DD*  S-wave

Coupled-channel 

effect

DD*  D-wave interaction

Coupled-channel effect

Z(3930)

X(4350)

Resonance spectrum expansion model 

(van Beveren, Rupp)

M=4337  MeV Godfrey-Isgur relativized  

potential model

Spin-parity     0        or      2++ ++

' '

0c
' '

2c

Test P-wave charmonium 

assignment to X(3915) and 

X(4350)

Distinguish         and              

assignment to X(4350)

Predict the rest P-wave 

charmonium with the second 

radial excitation

' '

2c' '

0c



Two-body strong decay

Quark pair creation model
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Decay modes
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Partial wave decay amplitude
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The node effect from the wave 

function of higher radial excited 

states results in the decay width 

calculated by the QPC model 

being dependent on the R value.

Using Z(3930) to test the reliability 

of R value applied to X(3915)

Numerical results

Thus, explaining X(3915) as a         charmonium is tested through the open-charm 

decay of 
0 'c

0 'c

R. M. Albuquerque, J. M. Dias, and 

M. Nielsen, arXiv:1001.3092.

D*D* molecular state     X(3915)

we propose the experimental study of the 

open-charm decay DD to be the best 

way to distinguish between the exotic 

and the conventional states for the 

controversial X(3915)

X(3915)
D

D

D*

D*

Hidden charm decay
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PC ++ fusion     X(     J 0    or    4 5  23 0)   

No Yes

The total decay 

width can fit 

experimental 

data well.

We can fully 

exclude this 

assignment to 

X(4350)

The predicted properties of the remaining

two P-wave charmonium states with the 

second radial excitation can serve as a 

guide in the experimental search

Xiang Liu， Z.G. Luo and Z.F. Sun, PRL 104, 122001 (2010)
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Summary

 Explain newly observed X(3915) and X(4350)          P-wave charmonium

 Decay behavior supports P-wave charmonium assignments to these two

charmonium-like states

 Predict the decay behaviors of the remaining two 2P charmonium states 

Experimental search for these two state is encouraged

 X(3915)    0

X(4350)    2

3 3

0 0 2 2'  (1 )     X(3915)          ''  (2 )     X(4350)   c cP P  

++

++

Suggest to carry out angular distribution analysis

in future experiment    Test P-wave charmonium 

explanation to X(3915) and X(4350)
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Thank you for 

your attention!


