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Question 1 (a) 

Let the momenta of the two photons be     and    . For zero-mass photons,           and 

         . 

                       
        

  
 

Total 4-momentum of the photon pair   
     

 
          

Invariant mass of final state is 

     
       

 

  
          

  
             

  
 

   
     

  
    

 

 
 

 

 

Question 1 (b) 

Conservation of energy:        . Let 

         
 

 
 

    

         
 

Treat    as variable and minimize  . Easy to show that   has a minimum at    
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With     GeV and     ,          MeV. 

 

Hence the particle can only be a    meson, and cannot be a   meson. 

 

 

Question 1 (c) 
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Question 1 (d) 

 
 

Question 2 (a) 

          

 

 
 
 
 

 
 

   

     

         

      

 
 
 
 

            

 

 
 
 
 

 
 

         

     

    

      

 
 
 
 

  

are solutions,   some constant. Need to find solutions which are eigenspinors of  
    

    
. These are 

     and     . Let                    ,   some constant. Then we require that: 

 

    

    
                                  

    

    
 

 

    
 
        

        
  

 

    

 

 
 

        

         
   

   
        

          

 
 

      

    

    
     

 

    

 

 
 

  

      

      

     

  

 
 

 

    

    
     

 

    

 

 
 

      

   

 
      

      

 
 

 

 

Recap: We need 
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If we choose           , then         ! So 

      

 

 
 
 
 

        

      

     
              

 
     

              

 
 
 
 

 

 

                              
    

    
     

       

        
  

  

 
 

      
     

               
 

       
     

               

 

 
 
 
 

        

      

     
              

 
     

              

 
 
 
 

 

 

 

Question 2 (b) (i) 
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Question 2 (b) (ii) 

 
 

 

Question 2 (b) (iii) 

                                    

                             

                           

                                    

                                 

                

               

          

 

 

Question 3 (a) (i) 

  
 

 
 
 

 
   can only come from          

 

 
 
 

 
   

 

There are hence only two decay modes: 

              

             

 

 

Question 3 (a) (ii) 

     
 

 
  

 

 
             

 

 
  

 

 
   

The 2 decay modes: 
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Question 3 (b) 

 
 

 

Question 3 (c) 

 
 

 

Question 3 (d) 

The intrinsic parity of neutrino is   . Neutrino is an eigenstates of parity. 

 

 

Question 3 (e) 

                          (ii)             

    
                               

 

       

        
        

 

  
 

 



[ PC4245 PARTICLE PHYSICS ] AY08/09 PYP Solutions 

 

© 2013 | NUS Physics Society 6 

 

 

Question 4 (a) 

          

 
 

 

Question 4 (b) 

Applying Feynman rules to 1st diagram, 

                      
  

        

       
     

          
                               

                      
   

 

             
                                 

     

   
  

 

             
                                 

     

 

Similarly, 

   
  

 

             
        

                            

        

 

 

Question 4 (c) 

     
   

 

 
  

  
 

             
 

 

                                   

        

                                     

Now, 

                                
          

 
 

                  
     

       
               

                        
     

         
                 

                                  

 

Next do the       spin summation: 

                                                                  

    

 

                                                                      

 

Now do the       summation: 
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Question 4 (d) 

     
   

 

 
 

  
 

             

  
 

             
                                                                      

        

 

    

     

                                                                      

 

     
   

 

 

  
 

                              
                                                             

 

 

Question 4 (e) 
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