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We will adopt the conventions m,n=e,u,7and i,j =1,2,3.
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where the second relation can be derived as follows
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From the expansion of fermion field y(x), we see that
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Taking the charge conjugation transformation, we find
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where the second relation can be derived as follows
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With the above transformations, we proceed to consider the scattering process
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Summing over the constraint m = n, we can obtain
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Let .4, denotes the contribution from the exchange of Z-boson and .4 denotes the contribution from the
exchange of W-boson, it folows that
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Using the relation ), U;Lm Umj = 6ij, we can similarly get
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Since |v;) are mass eigenstates, their propagation can be described by plane wave solutions of the form
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In the ultrarelativistic limit IE,-I = k; > m;, we can approximate the energy as
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Using also ¢ = L, where L is the distance traveled, the wavefunction becomes
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where E is the energy of massless neutrino. Then the amplitude of the probability that neutrino v, will be
observed can be written as
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For antineutrinos, we can obtain similarly
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Then, we come to the point to express the amplitude of e"e* — v, v, as
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where Am? = ms — m? We proceed to calculate the square of the amplitude
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Taking m = n, we can obtain that
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where ¢;; = arg(U, Ue] UmlU* ) If CP invariance holds, the above relation reduces to
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where the property U™ = U is used. Finally, we get
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