
Gastão KREIN 

Instituto de Física Teórica, São Paulo   
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Happy Birthday Tony! 



Motivation 

Interaction of charm with ordinary matter is 
interesting for several reasons  

•  Quark-gluon plasma: J/Ψ suppression  

•  D-mesons in medium: chiral-symmetry  

•  J/Ψ:  possibly bound to ordinary matter  

•  Experiments underway: JLab @ 12 GeV, Panda, CBM @ Fair 
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ψ(k) : charmonium wavefunction

ρB : baryon density

mc ,mN : masses charm quark and nucleon

ε = 2mc −mψ : energy shift octet-charmonium
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J/Ψ N  cross section > 17 mb 
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Calculate loop with effective Lagrangian 

– need form factors 

– need a model for medium  
   dependence  of D masses 
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*P.A.M. Guichon, PLB 200, 235 (1988) 
  K. Saito, K. Tsushima & A.W. Thomas,   Prog. Part. Nucl. Phys. 58, 1 (2007 ) 
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K. Tsushima, … 





J/Ψ in matter 
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a = 5fm →V0 > 1 MeV





Panda @ FAIR 

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

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

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



   Meson exchange – effective Lagrangians 

Couplings: SU(4) symmetry 





            Jülich model: 
                A. Müller-Groeling et al. NPA 513, 557 (1990) 
                M. Hoffmann et al. NPA 593, 341 (1995) 

            Contains a short-ranged  
             “repulsive sigma” m ~ 1.2 GeV 

   Can be replaced by quark-gluon exchange 
   D. Hadjimichef, J. Haidenbauer and GK, PRC 66, 055214 (2002) 









a [fm]  Present work Tólos et al. Lutz 

I = 0 
I = 1 

+ 0.03 
-  0.45 

  0.0 
- 0.29 

-  0.16 
-  0.26 

I = 0 
I = 1 

-  0.41 + i 0.04 
-  2.07 + i 0.57 - -  0.43 + i 0.0 

-  0.41 + i 0.0 

DN

DN



               OGE                                          Full: MEx + OGE + ππ 

Phase – shifts (s-wave): MEx + OGE  

Lessons: 1) quark-gluon contributes with half of the interaction 
                  2) rho and omega (scalars a little) dominant mesonic 
                      contributions 



SU(4) symmetry breaking ???*  

SU(4) symmetry: 
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Need to know how good SU(4) is: 



   
Hqq = g d 3∫ x Ψ(x)Ψ(x)

    
〈BC | Hqq | A〉 = δ(A−B −C) hfi

Couplings in the quark model: 3P0 model 

        creation with quantum numbers of the vacuum 

  Matrix element 



Fig. from Ted Barnes 

Need meson wave functions: 
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Wave functions: 



β	
 Mcal Mexp 

π 347 139.7 137 

ρ 272 770 770 

K 362 492.5 495 

D 499 1863.3 1867 

Results for masses: 

All values in MeV 



SU(4) 
symmetric 

1 1 1 

SU(4) 
broken 

1.05 1.31 1.25 

   
gρππ / 2g
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SU(4) breaking in the couplings (at q2 = 0 ) 

SU(4) symmetry breaking: at the level of 25% – 30% 
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SU(4) 
broken 

1.05 

SU(4) breaking in baryon-meson couplings 

SU(4) symmetry breaking: very small 
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DN Experiment: antiproton annihilation on the deuteron  
– Panda @ FAIR 

J. Haidenbauer, G. Krein, U.-G. Meissner, A. Sibirtseev  
Eur. Phys. J. A 37, 55 (2008)  

 big uncertainties 
   on production of 
   D mesons 



Production of         * 

•  extension of Juelich model for       : 
-  ISI (OPE + optical potential)  
-  FSI (optical potentials)  
-  transition potential (D,D*) 

•  quark-model transition potential (Kohno & Weise) 

                               *Haidenbauer & GK 0912.2663 [hep-ph] 
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-  production of        ~ 0.1 production of 

-  our results factor 100 – 1000 larger than existing predictions   

ΛcΛc ΛΛ


