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Outline 



Motivation 

• 2014, ATLAS observed  
         a new state Bc(2S): 
 
 
with mass 
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Motivation 
• The mass of              is below the threshold of       , so it 

has no OZI allowed strong decays, then its main decay 
channel is strong decay: 
 

• Theoretical estimation of the strong decay: 
      E.J.Eichten, C.Quigg (PRD49(1994)5845):  50 keV 
      H.W.Ke, X.Q.Li (Sci.China.Phys.Mech.Astron.53(2010)2019):   64 keV 
 
•  This narrow width show its electromagnetic decays 

will be important. 



Transition Amplitude 

• There are 3 electromagnetic decay channels of Bc(2S): 
 

 
 

• Where the physical states                                 are mixing 
states of  
 

     
where                       is used. 



Transition Amplitude 

• Diagrams 
 
 

• Transition amplitude: 

 
• Overlapping integral over the meson wave functions 

 
 
 

where           is the Bethe-Salpeter wave function,                                    , 
                               are spectators,                        are charges of the quark and antiquark.  
 



Transition Amplitude 

• We choose the instantaneous approxiamation                            , 
                                                             with the defination               
• Then the transition amplitude becomes 

 
 

where the three-dimensional wave function 
• The wave functions  

 
 
 



Transition Amplitude 
 
 
 
 

         where the numerical values of radial wave functions 
         will be obtained by solve the full Salpeter equation.  
• For the transition                     , there is one form factor 

 
• For the transition                          , there are three form factors 

 
 

 
    



Bethe-Salpeter Equation 
• BS equation is relativistic equation describing a bound state 

 
 

     
where             is BS wave function,                 is  the interaction kernel 
• The BS wave function can be described approximately by the figure  

 
 
 

which show that BS wave function have two legs (propagators) 



Bethe-Salpeter Equation 

• The integral equation shows the ladder diagrams to all orders: 
 
 
 

• Total momentum P and relative momentum q: 

 
 

 
• Normalization: 

 
 



Bethe-Salpeter Equation 

• There is difficulty about the kernel, the time-inspired interaction.  

• Reduced version is needed, Salpeter Equation 
• Instantaneous approximation:  
• The momentum is divided into two parts: 

 
 

 
and the momenta  : 

 
will become to the      and      in the center of mass system of the meson.    

 
 

0q q



Salpeter Eequation 
• The Salpeter wave function: 

 
 

and the useful notations (J=+ for i=1, and J=- for i=2) 
 
 
 
 
So the full Salpeter wave function: 



Salpeter Equation 
• And the Salpter equation can be written as: 

 
• Or (positive and negative energy wave function) 

 
 
 

• Normalization  



Salpeter Equation 
• We use the Cornell potential: 

 
 

• In momentum space: 

 



Salpeter Equation 

• The Salpeter wave function for a               pseudoscalar meson 

 
 

• The constraint equations                                        lead to relations 

 
 

• So the positive and negative wave functions:  

 
 
 

0 (0 )− −+



Salpeter Equation 
• The Salpeter equation 

 
 
 
 
 
 
 
 
 
 

where  
 
 



Results 

• Parameters 
 
 
 

• Mass Spectra 



Results 
• Form factors 

 
 
 
 
 

• Decay widths 



Results 

• Changing along with mixing angle 



Results 
• Changing along with the mass of  



Summary 

• Electromagnetic decays are important for            , which 
is about 20% of its total width； 

 
• Excited state has larger relativistic correction than the 

corresponding ground state, so a relativistic model is 
needed to deal with a problem with excited state. 



Thank you! 
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