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What is Tcc ? 

• Conventional and exotic hadrons 

 

• Charmonium 

 

• c                           c                                            

 

• cc                                                          Tcc 

Flavor exotic 

no annihilation!! 

Existent? 

Stable? 



Diquarks in conventional baryons 

• Color-spin interaction from gluon exchange 

 

 

 

 

• “Good” light diquark in c 

                 color=3, s=0, I=0 

• “Bad” light diquark in c & c* 

         color=3, s=1, I=1 



Diquarks in conventional baryons 

• Heavy diquark in cc 

      cc: color=3, s=1, I=0 

      cc: color=6, s=0, I=0 

 

 

• NRQCD 

J.P. Ma , Z.G. Si,   

Phys. Lett. B 568, 135 (2003). 



Diquarks in Tcc 

• Tcc with “Good” light diquark 

       ud: color=3, s=0, I=0  

        cc: color=3, s=1, I=0 

• Interactions 
       ud: 1/mC

0 dominant attraction 
       cq: 1/mC

1  suppressed 
       cc: 1/mC

2  suppressed 
 

Stable? 



Stability of Tcc 

• Lowest two-meson threshold: DD* 

• Binding energy from this threshold 

       B.E.  71 MeV        



• Tcc studied in many Refs. 
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Support its existence 
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• Notation for the ground Tcc: 

• Another configuration: 

       ud: color=6, s=1, I=0  

        cc: color=6, s=0, I=0 

 

 

Weaker attraction 



                  Decay of 

• Mass splitting between                  and 

          M.S.  125 MeV       

• Energy levels 



                     Decay of 

• To  and                       : kinematically forbidden 

• To DD*: dominant decay, color recombination 
and size of cc may be narrow 

 

• Two “narrow” Tcc states: 

 

 

• Mixing? 



Mixing between                 and            



Production of Tcc 

A. Del Fabbro, D. Janc, M. Rosina, D. Treleani, PRD71, 014008 (2005) 



      Tcc production in 



Inclusive cc production: 

J.P. Ma , Z.G. Si,   

Phys. Lett. B 568, 135 (2003). 

Framework: NRQCD 

      Tcc production in 



      Tcc production in 



      Tcc production in 

e+ e- Θ 

p 



Different behavior for               and 

・Peak position and height 

・Θ-dependence 

・ … 

e+ e- Θ 

p 

[1/GeV] 

Independent of h 

Jiang, Wu,, Liao, Zheng, Fang, arXiv: 1208.3051 [hep-ph] 



Total cross section 



Total cross section 



Total cross section 



Summary and perspectives 

• Color configurations in doubly charmed Tcc 

 

• Estimate the cross sections of                    and     

                     produced in e+e- collisions: different 
momentum- and angle-dependence 

 

• More rigorous studies should be required: 

          mixing, h, … 

Thank you! 


