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Motivation 

1 S. Godfrey and S.L. Olsen  arXiv:0801.3867 

 
 
 
 
 
 
 

Quark potential models have predicted abundant spectra of heavy 
quarkonia. For the charmonium case, all the S-wave and P-wave ground 
states have been found, while for D-wave, spin-2 and spin-3 states have 
not been found yet. 
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Motivation 

V. Bhardwaj et al. (Belle), PRL, 111,032001 (2013) 

In 2013, Belle found  a new resonance X(3823) whose mass is consistent 
with the theoretical expectation of the 3D2 charmonium. The particle is 
discovered through the channel 
 
The ratio                                                  is consistent with the prediction 
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Motivation 

M. Ablikim et al. (BESIII), PRL 115, 011803 (2015) 

In 2015, BESIII also observed this particle through the channel 
                                                                 
The ratio they measured                                         
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Weak production of D-wave charmonia 

4 

Wave functions of D-wave mesons (take 3D3 as an example) 

the parameters ni are expressed by  
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Weak production of D-wave charmonia 
transition amplitude of semi-leptonic decay 

hadronic matrix element 

take 1D2 as an example 
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Weak production of D-wave charmonia 
For non-leptonic decays 

the factorization approximation 
is used 

Transition amplitude of non-leptonic decay 
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Weak production of D-wave charmonia 
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RCQM1: M.A. Ivanov, J.G. Korner, and  
     P. Santorelli, PRD, 71, 094006 (2005) 
 
RCQM2: M.A. Ivanov, J.G. Korner, and  
     P. Santorelli, PRD, 73, 054024 (2006) 
 
NRCQM: E. Hernandez, J. Nieves, and J.M. 
      Verde-Velasco, PRD, 74, 074008 (2006) 

Weak production of D-wave charmonia 
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Weak production of D-wave charmonia 

The angular spectrum for the semi-leptonic decay  processes. 
θis the angle between PF

* and PL
* 



10 

Weak production of D-wave charmonia 

The momentum spectrum for the semi-leptonic decay  processes. 
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Three-gluon decay of D-wave charmonia 
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The Feynman diagrams 

The decay amplitude for the three photon case 
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By integrating out the time component 

We get the three-dimensional form of the amplitude 

The three-photon decay width is  

The other two cases are achieved by multiplying some constants 

and 

Three-gluon decay of D-wave charmonia 
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The wave functions of 3D2 and 3D3 states 

Three-gluon decay of D-wave charmonia 
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NRM1: P. Volkovitsky, PLB 308, 100 (1993) 
NRM2: L. Bergstrom and P. Ernstrom, PLB 267, 111 (1991) 
NRQCD: Zhi-Guo He et al., PRD 81, 074032 (2010). 

The ratio of decay widths for two particles is  

Partial decay widths (keV) of 3D2 and 3D3 states 

Three-gluon decay of D-wave charmonia 



Summary 

15 

�  The production rates of D-wave charmonia in the weak decay of 
Bc meson is rather small, which is of order of 10-4 both for the 
leptonic and non-leptonic channels 

�  The three gluon decay widths are considerably smaller than that of 
nonrelativistic models, which indicates these processes suffer large 
relativistic corrections 

�  Future experiments and more precision measurements are needed 



Thank you!  


