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Exercise 14: Z-decay and Majorana fields [15 Points|

The Lagrangian for the coupling of a fermion pair f with the Z-boson is
g —

— 7 _
< 2COSQWf/y (vf —agys)f 2,

1

For neutrinos we have that v, = a, = 3.

a) Calculate the decay width for Z — vr. Keep a possible neutrino mass in the expression.

b) Neutrinos could be Majorana particles, which obey the relation v* = v. The superscript
¢ denotes charge conjugation,

with C' = 7270 in the Dirac basis.
Show the following properties
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c¢) Consider two spinor fields ¥ and y. Show that
ViXk = Xr¥r,
where 9§ = () = Pr(¢°) and so on.
d) Show that the Lagrangian in the Majorana basis given by
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corresponds to a spinor field with Dirac mass term
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e) Show that for Majorana neutrinos the vector current y,v vanishes. What happens with
vysv, vy sy and Uy, v, v?

f) Using the previous result calculate the decay width Z — vv for Majorana neutrinos and
compare with a).
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