Background information MINERvA’s reaction
The basic equation that sums up the reactions that we are detecting is as follows: υμ- + n0→ p+ + μ-

The equation demonstrates that when a very high-energy neutrino strikes a neutron in the nucleus of a carbon atom, the result of the collision can produce a proton and a muon.  The reactions that we will observe from the Arachne site will show this product formation. 

Since the laws of conservation and momentum must be obeyed, it is possible to use the data collected to determine the energy of the incoming neutrino and if there was neutron momentum prior to collision. 

When using the data from the Arachne site. The following information needs to be recorded for both the proton and muon:

px and py:  These values are added together and should sum up to be zero if the neutron was at rest prior to the collision.

pz:  This is the momentum of the original neutrino since it entered the nucleus along the z-axis

pz and (KE + 104 MeV):  These values represent the initial momentum and KE of the neutrino prior to its collision with the neutron.

These two values should be equal to each other because:
υμ-       +      n0           →       p+                  +        μ-
 
         KE υμ-     +   940 MeV        =   (938 MeV + KE)       +    (106 MeV + KE)



 KE υμ-     =   (1044 MeV-940 MeV) + KE’s



  KE υμ-   =   104 MeV + KE’s
Note:  if p = mc and E = mc2 where E is measured in MeV, then MeV/c becomes a unit of momentum.  So values for pz = (KE + 104 MeV)/c

NOTE: Because particles have energy even when they are at rest, this must be used to analyze the data. The following are the rest energies of the particles that we are observing and are used in the equations above: 



Neutron:  940 MeV




Proton:    938 MeV




Muon:     106 MeV
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