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Motivation 

Interaction of charm with ordinary matter is 
important for several reasons  

•  Understanding of nuclear force at QCD level 

•  Nonperturbative QCD  

•  Quark-gluon plasma: e.g. J/Ψ suppression  

•  D-mesons in medium: chiral-symmetry restoration  

•  J/Ψ, ηc, … :  possibly bound to ordinary matter   

 Dedicated experiments underway:  

JLab @ 12 GeV, Panda & CBM @ Fair 









~ 20 times BE (nucleon in Fe ) ! 



Short range repulsion 
Quark-gluon exchange + Pauli exclusion principle 



*GK, A. W. Thomas & K. Tsushima PLB 697, 136 (2011) 
  K. Tsushima, D. Lu, GK & A. W. Thomas PRC 83, 065208 (2011) 



charmonium wave function 

nuclear density 

masses charm quark and nucleon 

: energy shift octet – charmonium 

J/Ψ  as a small color-electric dipole  



S.H. Lee & C.M. Ko,  
PRC 67, 038202 (2003) 

J/Ψ N  cross section > 17 mb 

Sibirtsev & Voloshin, PRD 71, 076005 (2005) 

__________________ 



Calculate loop with effective Lagrangians 

– need coupling constants & form factors 

– need a model for medium dependence  of D masses 



Effective Lagrangians 
 – SU(4) flavor symmetry 

S.H. Lee & C.M. Ko,  
PRC 67, 038202 (2003) 

-  used gauged Lagrangian 
-  found almost no binding 



- J/Ψ  self-energy: 

- J/Ψ  masses: 





* P.A.M. Guichon, PLB 200, 235 (1988) 
  K. Saito, K. Tsushima & A.W. Thomas,  Prog. Part. Nucl. Phys. 58, 1 (2007 ) 



K. Tsushima, … 



Couplings: VECTOR-MESON 
DOMINANCE 

Matinyan & Müller, PRC 58, 2994(1998) 
Lin & Ko, PRC 62, 034903 (2000) 
Liu, Ko & Lin, PRC 65, 015203 (2002) 



J/Ψ in nuclear matter 





J/Ψ potential in 4He

-  Use local-density approximation 
-  Experimental nuclear density distributions 



J/Ψ single-particle energies in nuclei                     
                          – solving a Klein-Gordon equation 





Antiproton annihilation on the deuteron 

Panda @ FAIR 

J. Haidenbauer, G. Krein, U.-G. Meissner, A. Sibirtsev  

1) Eur. Phys. J. A 33, 107 (2007) 

2) Eur. Phys. J. A 37, 55 (2008)  



DN interaction 
   – meson + quark exchange 



SU(4) flavor symmetry for couplings 

SU(4) symmetry: 



Couplings in the quark model: 3P0 model 

        creation with quantum numbers of the vacuum 

   Transition matrix element 

 COUPLING X FORM-FACTOR 



Wave functions 
- constituent quark model 

 Hamiltonian: 

 Solve matrix problem: expand w.f. finite HO basis 

 variational parameter 



β	
 Mcal Mexp 

π 347 139.7 137 

ρ 272 770 770 

K 362 492.5 495 

D 499 1863.3 1867 

Meson masses 

All values in MeV 



SU(4) 
symmetric 

1 1 1 

SU(4) 
broken 

1.05 1.28 1.22 

   
gρππ / 2g

ρKK    
gρKK / gρDD

SU(4) breaking in the couplings        

– nonrelativistic quark model + 3P0 

SU(4) SYMMETRY BREAKING: AT THE LEVEL OF 
20% – 30% 

   
gρππ / 2g

ρDD

F(q2) at q2 = 0 

C. E. Fontoura, GK, J. Haidenbauer 



SU(4) flavor symmetry for couplings 
                    – Dyson-Schwinger + Bethe-Salpeter equations 

El Bennich, GK, L. Chang, C.D. Roberts, D. J. Wilson, PRD 85, 031502 (2012)  

~ 1/4  400% violation 

~ 1/2  SU(4) OK 

COUPLING LARGE, BUT FORM FACTORS ARE SOFT 

- DN X-SECTION ONLY 5 TIMES LARGER THAN SU(4) 



Perspectives 

ATHENNA* collaboration JLab @ 12 GeV 

*A J/Ψ THreshold Electroproduction on the Nucleon and Nuclei Analysis    

Z.-E. Meziani (Co-spokesperson/Contact)  
N. Sparveris (Co-spokesperson)  
Z. W. Zhao (Co-spokesperson)  




