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Exercise 1 This exercise concerns the theory of Neutrino oscillations in the vacuum.

i) For three generations of neutrinos, show that the transition rate from flavor α to β is

given by
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where J ijαβ = UαiU
∗
βiU

∗
αjUβj with U being a unitary transformation matrix between the

flavor and mass basis, ∆m2
ij = m2

i −m2
k ,L ' t the flight length and E the so called

“spectral dependence”.

Hint: Show first that

Pαβ = A∗
αβAαβ =

3∑
k,j=1

Jkjαβe
−i(Ek−Ej)t.

where Aαβ = 〈νβ|να(t)〉, and |να(t)〉 =
∑3

i=1 U
∗
αi|νi(t)〉. Then use that near the massless

limit Ek ' E +
m2

k
2E holds.

ii) Seperate Pαβ into a CP violating and conserving part: Pαβ = PCPevenαβ + PCPoddαβ . And

show that the CP violating term is given by

PCPoddαβ = −2
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iii) Prove that the following conditions have to be satisfied for CP violation to exist,

i.e. for PCPoddαβ 6= 0:

α 6= β, δ 6= 0, π, θij 6= 0, δmij 6= 0,∞.


