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Puzzles in charmonium decays



Outline

• Charmonium decays as a probe for non-

perturbative mechanisms

• Exisiting puzzles in charmonium decays

• France-China Collaboration on theoretical 

hadron physics



Focus of hadron physics 

• Complexity of QCD in the non-perturbative 
regime 

exotic hadrons (glueball, hybrid, multiquarks …)

• Lattice QCD, QCD sum rules, effective 
theory… Phenomenological tools

• Break-down certain problems 

• Experimental information: Light hadron 
spectroscopy (JLab, ELSA, MAMI, ERSF, Spring-8);

Heavy quarkonium hadronic and EM decays 
(BES, CLEO-c, Belle, BaBar, LHC…)



 Charmonium spectrum
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• Glue-rich intermediate states

• Ideal for the search for exotic states (hybrid, glueball …) 

• Quark-gluon interaction in light hadron production
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 A probe of strong QCD dynamics

hybridglueball
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 A flavour filter for Okubo-Zweig-Iizuka 

(OZI)  disconnected transitions
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• OZI rule violations

• Isospin violations 
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 Open-charm effects in charmonium decays



 “ puzzle” in J/,   VP decay

 Intermediate D meson contributions to the M1 

transitions in J/,    c, ( c) 

 (3770) non-DD decay 

 Isospin-violating decay of  J/ 0

 Hidden cc state with I=1, e.g. Z(4430), and other 

exotic configurations

 Scalar a0(980)-f0(980) mixing in J/  f0(980)  0

 Glueball search in charmonium hadronic decays

The open charm effects which correlated with the OZI-

rule violation could be a key for understanding some of 

these puzzles.

Several well-known puzzles in 

charmonium decays 

 “ puzzle” in J/,   VP decay

 Intermediate D meson contributions to the M1 

transitions in J/,    c, ( c) 

 (3770) non-DD decay 

 Isospin-violating decay of  J/ 0

 Hidden cc state with I=1, e.g. Z(4430), and other 

exotic configurations

 Scalar a0(980)-f0(980) mixing in J/  f0(980)  0

 Glueball search in charmonium hadronic decays



• pQCD expectation of 

the ratio between J/

and ' annihilation:

• “ puzzle” R() =

c

J/, '
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Large “12% rule” violation in  !

JPC = 1

 0.2 %

 “ puzzle” and “12% rule” 



Theoretical explanations:

1. J/   is enhanced
• J/-glueball mixing:

Freund and Nambu, Hou and Soni, Brodsky, Lepage and Tuan

• Final state interaction: 

Li, Bugg and Zou

• Intrinsic charmonium component within light vectors:

Brodsky and Karliner, Feldman and Kroll

2. '   is suppressed
• Karl and Roberts: sequential fragmentation model

• Pinsky: hindered M1 transition model

• Chaichian and Tornqvist: exponential form factor model

• Chen and Braaten: color octet Fock state dominance in J/

• Rosner: ' and " mixing

3. Others …
Recent review by Yuan et al.



Branching ratios for J/ (cc)  V P 

Same order 

of magnitude !

• What accounts for such a large isospin violation? 

• Implications of the “ puzzle” …  



Comparable !?

Branching ratios for  V P 
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• “12% rule” will not hold if EM, and other possible 

transitions are important.
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Open-charm effects as an OZI-rule evading 

mechanism
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• Interferences among the single OZI, EM and 

intermediate meson loop transitions are unavoidable.
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Zhang, Li and Zhao, 0902.1300[hep-ph]; Li and Zhao, PLB670, 55(2008) 



Recognition of interferences 

Property of the anti-symmetric tensor coupling allows a parametrization: 

Zhao, Li, and Chang, 0812.4092[hep-ph]. 

In order to account for the “ puzzle”, a destructive phase between 

and  is favored. 



Including EM and strong transitions 
Zhao, Li and Chang, PLB645, 173(2007), Li, Zhao, and Chang, JPG (2008)



 The intermediate meson loops will contribute to the real 

part of the couplings since both J/ and  are below the 

open charm threshold.

 Since the  has a mass which is closer to the open 

DD threshold, its amplitude via the DD loop will be 

qualitatively larger than J/ due to near-threshold effects.

 Similar behavior due to intermediate DD(D*) and 

DD*(D) loops also shows up in a coherent study of J/

and  c and  c. (Li & Zhao, PLB670, 55(2008))

 Light intermediate meson loops are strongly 

suppressed due to large off-shell effects.

 Open charm effects are essential for understanding " 

non-DD decays (Zhang, Li & Zhao, 0902.1300[hep-ph])

Some features about the open charm 



A proposal to FCPPL  



Topics   Z(4430) as tetraquark candidate, 

and its production mechanism; 

The newly reported Y(4143) into 

J/  by CDF.
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Participants   



Expertise    

 QCD factorization 

 Quark models 

 QCD phenomenology with effective Lagrangian 

 QCD sum rules

 Chiral perturbation theory

 Lattice QCD



 Identify commonly interested questions to involve 

people in this working group  

 Regular visits between French and Chinese 

collaborators 

Richard and Narison visited IHEP, PKU, and Nankai U. in Dec. 2008; 

Richard will visit IHEP in April 2009; 

There is a plan to organize a small group meeting in the second half of 

2009.

 Involvement of PhD students

Two PhD students from IHEP are working on a common project on 

exotic charmonium production;

A student of PKU will visit Montpellier for one year.

How to work together?   



Theoretical Physics Center for Science 

Facilities (TPCSF), CAS 

Theory Division, IHEP/CAS 

Efforts full of challenges, 

but we are making progress !

A platform    



Thanks !



• Rich information about the strong QCD dynamics in the 

correlation between the OZI evading and isospin violation.

• Application to J/, ’  VP is useful for the study of “

puzzle” (Zhao, Li and Chang, PLB645, 173(2007) ) and search for 

pseudoscalar glueball (Li, Zhao and Chang, hep-ph/0701020). 

• Intermediate D meson contributions to the M1 transitions 

in J/,    c, ( c) (Li and Zhao, 0709.4639[hep-ph]).

• Search for glueball signals in charmonium hadronic 

decays (F. Close and Zhao, PRD(2005), Zhao, PRD(2007); PLB(2008))

• Experimental focuses of BES, CLEO-c, KLOE, B-

factories…

Summary 





Contributors
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Focus of hadron physics 

• Complexity of QCD in the non-perturbative 
regime 

exotic hadrons (glueball, hybrid, multiquarks …)

• Lattice QCD, QCD sum rules, effective 
theory… Phenomenological tools

• Break-down certain problems 

• Experimental information: Light hadron 
spectroscopy (JLab, ELSA, MAMI, ERSF, Spring-8);

Heavy quarkonium hadronic decays (BES, 
CLEO-c, Belle, BaBar, LHC…)



“ The primary goals 
of hadronic physics are to determine the relevant 

degrees of freedom that govern hadronic 

phenomena at all scales, to establish the 

connection of these degrees of freedom to the 

parameters and fundamental fields of QCD, and to 

use our understanding of QCD to quantitatively 

describe a wide array of hadronic phenomena, 

ranging from terrestrial nuclear physics to the 

behavior of matter in the early universe.  ” 

“Key issues in hadronic physics” 



• t-channel versus s-channel
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 A flavour filter for baryon-antibaryon 

production
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• “Missing resonances” (JLab, ELSA, ESRF, MAMI, Spring-8, … )

• Baryon form factors 

• Exotic baryons
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pi-N invariant mass / MC phase space

BES Collaboration, Phys. Rev. Lett. 97, 062001 (2006)

“Observation of two new N* peaks …”

/J p n   /J p n  +vs

N*(1440):  M  1358  17

G  179  56

N*(2050): M  2068 + 15  40

G  165  42

P11(1440) N*(2060)

Zou/IHEP

BES



• Scalar a0(980)-f0(980) mixing in J/  f0(980)  0 via 

OZI evading and isospin violating process (Wu, Zhao, and Zou, 

PRD(2007) ).

• Application to J/, ’  VP is useful for the study of “

puzzle” (Zhao, Li and Chang, PLB645, 173(2007) ) and search for 

pseudoscalar glueball (Li, Zhao and Chang, hep-ph/0701020). 

• Intermediate D meson contributions to the M1 transitions 

in J/,    c, ( c) (Li and Zhao, 0709.4639[hep-ph] ).

• Search for glueball signals in charmonium hadronic 

decays (F. Close and Zhao, PRD(2005), Zhao, PRD(2007); PLB(2008) )

Relevant issues 


