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Fig. 5: Schematic of the time of flight measurement.
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Neutrino oscillation is a quantum mechanical phenomenon predicted by Bruno Pon-
tecorvo[l] whereby a neutrino created with a specific lepton flavor (electron, muon or
tau) can later be measured to have a different flavor. The probability of measuring a
particular flavor for a neutrino varies periodically as it propagates. Neutrino oscillation
is of theoretical and experimental interest since observation of the phenomenon implies
that the neutrino has a non-zero mass, which is not part of the original Standard
Model of particle physics.
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In the ultra-relativistic limit the Dirac equation for two neutrinos can be reduced
to a Schrodinger form written in terms of a two component vector of positive energy
probability amplitude.

The two neutrino flavor can be mapped to a two—level quantum system with distinct
energy eigenvalues, E; ~ p+m?/2p in the ultra-relativistic limit along with the assumption
of equal fixed momenta (or energy).
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Of course, this does not mean that the speed of a possible signal transmitted with a
neutrino wave-packet exceeds the speed of light, it is just a property that comes from the
wave-packet deformation caused by the interference of the two possible quantum paths
that a neutrino may follow before reaching the detector.
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