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Energy and momentum of electron and neutrino must be equal for maximum opening angle. 
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Use invariant mass to get the opening angle 
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IIb (for answers on b and c see pages 230 and 231 of book) 

The fact that         has the same branching for all                

IIc 

     ̅       ̅           ̅ (     ) each quark pair has three possibilities (color) means 6 

possibilities to make hadrons as compared to a lepton pair 6*10.8%=65% is close to the number in the 

PDG datasheet (68% , we ignore all details of phase space and higher order diagrams) 

The Cabbibo angle does not play a role the generation does not enter in describing the          thus we 

working with an approximate unitary transformation going  from (   )  (     ). 

IId (see book p 223) 

         =10.8% of 2.08 GeV     
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Determine energy threshold: 
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Ignoring recoil threshold is                    with recoil solve quadratic equation  
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Electron neutrino is born and propagates as mass eigensstates. May assume independent propagations 

(incoherent) therefore                  
              note that total probability is 1 (one). When they 

arrive on Earth 

                       
                                        

                       

Thus we have a probability                  to be an electron neutrino. 

IIIb 

 

Equal amounts of each neutrino and antineutrino i.e. 1/6 after propagation because of unitarity also 1/6 
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Only middle diagram possible. 

IIId 
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IIIe p330 

     ∑ |   |
     (the weighted sum (sum of weights is one) of probabilities that    contributes) 
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Same argument but for   
 . 
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