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Motivations

• Charmonium decays as a probe for non- 
perturbative QCD mechanisms

• Several challenges in low-energy charmonium 
decays



ψ(3770) non-D⎯D decay 
“ρπ puzzle” in J/ψ, ψ′ → VP decay
M1 transition problem in J/ψ, ψ′ → γ ηc, (γ ηc′)
… …

Conjecture: These puzzles could be related to non- 
pQCD mechanisms in charmonium decays, see the talk 
by Qiang Zhao at quarks and nuclear physics, Beijing.

Several well-known puzzles in 
charmonium decays 



Charmonium spectrum



Particle Data Group 2008

Experimental results

CLEO-c :

BES-II: non-D⎯D branching 
ratio can be up to 15%

M. Ablikim et al. Phys.Lett.B659:74 (2008)

Erratum to Phys.Rev.Lett.96:092002 (2006)



Particle Data Group 2008

Less than branch ratio 1% in ψ(3770) 3g decay.

Yanong Zhu, PhD Thesis, 
(unpublished).



S-D wave mixing scheme.
J. L. Rosner, Phys. Rev. D 64, 094002 (2001).

Four quark component in ψ(3770) .
M. B. Voloshin, Phys. Rev. D 71, 114003 (2005).

FSI effects from intermediate state.
N. N. Achasov and A. A. Kozhevnikov, Phys. At. Nucl. 69, 988 (2006).

NRQCD calculation.
Z. G. He, Y. Fan, and K. T. Chao, Phys. Rev. Lett. 101,112001 (2008).

…….

Theoretical interpretation 



Short-range pQCD transition;
Color-octet contributions are 

included;
2S-1D state mixings are small; 
NLO correction is the same order 

of magnitude as LO.
Results do not favor both CLEO 

and BES
NNLO ?

pQCD calculation: 
BR(non-D⎯D) < 5%



long-range interaction such as 
intermediate meson loop (or FSI) 

mechanism ? If it does, how to quantify it?



Non-D Dbar Decay of psi(3770) 
long-range transition mechanisms in ψ(3770) non-D⎯D decays

Short-range pQCD transition 
via single OZI (SOZI) process Long-range OZI evading 

transition



Intermediate meson loop scheme in ψ(3770) non-D⎯D decay

Y.-J. Zhang, G. Li and Q. Zhao, Phys. Rev. Lett. 102, 172001 (2009)

s-channel meson loops can be a source of ψ(2S)-ψ(1D) mixing.



Transition amplitude can thus be decomposed as: 

The V VP transition has only one single coupling of 
anti-symmetric tensor form

Short-range 
pQCD amp. 

Long-range non- 
pQCD amp.

Talk by Q. Zhao at QNP



The Effective Lagrangians and couplings

Coupling constants: 

For other coupling, we 
can obtain by  SU(3) 
flavor symmetry.



For J/ψ
 

couple to charm mesons pair, we adopt:

Y. Oh, W. Liu, and C. M. Ko, Phys. Rev. C 75, 064903  (2007).
A. Deandrea, G. Nardulli, and A. D. Polosa, Phys. Rev. D 68  (2003).



Constrain the long-distance parameter

ψ(3770) J/ψ

η

Soft η production
η-η′ mixing is considered
a form factor is needed to kill the loop integral divergence 

The cut-off energy for the divergent meson loop integral can 
be determined by data, and then extended to other processes.



Relative strengths among pQCD transition amplitudes (SOZI): 

Flavor –bind assumption

Constrain the short-distance parameter and the relative phase.

Particle Data Group 2008



Results for ψ(3770) VP mode. 



X. Liu, B. Zhang and X.Q. Li, PLB675, 441(2009) 



Summary

• Intermediate meson loop effects seem to play a role  in 
ψ(3770)   non-D⎯D decays. 
• However, the quantitative calculations are sensitive to 
cut-off energy and exhibit model-dependent aspects.
• More experimental data from BES-III will be able to 
clarify that non-perturbative mechanisms are also 
important in the psi(3770) mass regime. 



Thank you!Thank you!


	Towards a Dynamical Understanding of the Non-D Dbar Decay of psi(3770)
	Motivations
	幻灯片编号 3
	幻灯片编号 4
	幻灯片编号 5
	幻灯片编号 6
	幻灯片编号 7
	幻灯片编号 8
	幻灯片编号 9
	幻灯片编号 10
	幻灯片编号 11
	幻灯片编号 12
	幻灯片编号 13
	幻灯片编号 14
	幻灯片编号 15
	幻灯片编号 16
	幻灯片编号 17
	幻灯片编号 18
	幻灯片编号 19
	幻灯片编号 20

