Ph 801 — Exercise 1

1. Calculate the minimum photon energy in the rest frame of the proton for direct pion production in the reaction p(π++ X,given that the mass of the charged pion is 139.57 MeV.  Baryon number and charge must be conserved in the reaction.

2. Calculate the minimum projectile energy in the rest frame of the target proton for a pp reaction that produces a single π0 (remember Baryon conservation!).  The rest mass of the π0 is 134.97 MeV, and the mass of the proton is mp = 938.27 MeV.  

3. Demonstrate that the neutrino takes ~1/4 of the pion energy (rest mass) in the charged pion decay: 
[image: image1.wmf],  working in the rest frame of the pion.  The muon mass is 105.66 MeV.

Suggested solutions

1. p(π++ X

X should be a neutron for baryon number and charge conservation. In the rest frame of the proton (the target) we calculate the minimum photon energy of the photon projectile:


[image: image2.wmf]
2. 

The reaction is (conservation of baryon number and charge):

pp(0pp

In the rest frame of the proton:
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3. 
[image: image4.wmf]
In the rest frame of the decaying pion:

Energy conservation (and considering the neutrino as a massless particle so that E=| p|:
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and for momentum conservation: 

p= -p


[image: image6.wmf](
[image: image7.wmf]
So the fraction of pion energy is
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This is approximately 1/4 of pion energy.
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