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Exercise 20: Z-decay [15 Points]

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

L =
g

2cW

fγµ (vf − af γ5) f Zµ .

For neutrinos, we have vν = aν = 1

2
.

a) Calculate the decay width for Z → ν̄ν, keep a possible neutrino mass in the expression.

b) Neutrinos could be Majorana particles, which obey the relation νc = ν. Here the supers-
cript c denotes charge conjugation,

νc = C(ν̄)T ,

with C = iγ2γ0. Show the following properties

−C = CT = C−1 = C∗ = C† ,

C−1γµC = −γT
µ , C−1γ5C = γT

5
,

ψc = −ψTC−1 , (ψL)c = (ψc)R .

c) Show with the above results that for Majorana neutrinos the vector current ν̄γµν vanishes.
What about ν̄γµγ5ν, ν̄γ5ν and ν̄[γµ, γν ]ν ?

d) Using c), calculate the decay width Z → νν (now identical particles!) for Majorana
neutrinos and compare with the result from a).

Exercise 21: Quark Flavors [10 Points]

The quark part of the QCD Lagrangian is

LQ = q̄A
α (x) (i 6D −mA) qA

α (x) .

One sums over the flavor index A and the Color index α. Consider the global transformations

qA
α (x) → q′A

α (x) =
(

e−iθAT A
)

AB
qB

α (x) ,

qA
α (x) → q′A

α (x) =
(

e−iθAT Aγ5

)

AB
qB

α (x) .

The TA are generators of the (flavour–)SU(N). When is LQ invariant under these transforma-
tions and what are the conserved currents?



Exercise 08/15: FINAL EXERCISE!! [−100 Points]

Consider the following relation of charged lepton masses:

Q =
me +mµ +mτ

(
√
me +

√
mµ +

√
mτ )2

.

What is in general the smallest and largest possible value of Q? Calculate the value of Q with
the charged lepton masses from the Particle Data Group. What’s going on?
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