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_ 10) (Quantum Mechanics) The electron neutrino Jve) and the muon neutrino |v,) are the
possible neutrino states produced and detected in experiments, but they are not necessarily
-eigenstates of the Hamiltonian. Rather, if the state is known to have momentum p, it is
some linear combination of the energy exgenstatm Ivl) a.nd [0} of the form

jVe) = oosﬂ [n) +am6|vz)
i) = —sin@|u) + cos @ jug)

where
Hln) = /p*c? + mict )

 Hiwg) = [p*c? + mic* ) -

for two possibly different masses m; and mg, and some angle 8. If it is known that a
neutrino was definitely a [1,) when it was produced, what is the probability of detectmg
a |v.) after it has traveled a distance L? Assume that m;c < p and mqc < p, so that
the neutrinos are moving at almost (or even exactly) the speed of light, (so you can ignore
corrections of the order (1 — v/c) compared to terms of order 1) and state your result to
first order in the difference Am? = m? — m3.

(This is a simplified version of an actual neutrino oscillation experiment like the super-
Kamiokande detector experiment last year. In reality there is a third neutrino |er).)
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