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1. Effective QCD lagrangian in the presence of sources reads

L =
F 2
0

4
Tr
(
DµU(DµU)†

)
+
F 2
0

4
Tr
(
χU † + Uχ†

)
where

DµU = ∂µU − irµU + iUlµ, χ = 2B0(s+ ip).

Variation of U takes the following form:

δU = i
∑
a

λa∆a.

Derive equations of motion for field U.

2. Interaction lagrangian of the weak current with the Goldstone boson field φ (set 4
problem 4) reads as follows:

LWφ = − g√
2

F0

2
Tr
[(
W+
µ T

+ +W−
µ T

−) ∂µφ]
where

T+ =

 0 Vud Vus
0 0 0
0 0 0

 , T− =
(
T+
)†
.

Express LWφ in terms of π and K fields.

3. Feynman amplitude for pion decay to µ+νµ takes the following form

M = −GFVudF0

[
ūνµ/p(1− γ5)vµ+

]
.

Calculate the decay width Γ from the following formula:

Γ =
1

2Eπ

∫
d4pµ
(2π)4

2πδ(p2µ −m2
µ)
d4pν
(2π)4

2πδ(p2ν) |M|
2 (2π)4δ(4)(pπ − pµ − pgν)

where bar over the amplitude squared denotes summation over final polarizations
of µ and ν. What would be the result if the weak current would couple by just 1
instead of 1− γ5?


