
Effective Field Theory
EFTs of the SM Series 4

Assignment 1:

Show the Gordon-identity

u(pf )γµu(pi) =
1

2m
u(pf )

{
(pf + pi)

µ + iσµν(pf − pi)ν
}
u(pi), (1)

for on shell particles, i.e.

/pu(p) = γµpµu(p) = mu(p), (2)

u(p)/p = u(p)m, (3)

with

σµν =
i

2
[γµ, γν ]. (4)

Hint:

γµ/p = 2pµ − /pγµ. (5)

Assignment 2:

For products of quark bilinears Fierz identities prove very useful, which allow
for a rearrangement of the spinor fields in expressions as

(u1ΓAu2)(u3ΓBu4). (6)

The Dirac matrices can be decomposed in a complete set of 16 matrices

ΓA ∈ {1, γ5, γµ, γµγ5, σµν}. (7)

(a) Normalize the 16 matrices ΓA to the convention (ignoring signs from gµν)

Tr
[
ΓAΓB

]
= 4δAB . (8)

Hint: Use the fact that the trace is cyclic

Tr[γµγν ] = Tr[γνγµ]. (9)

Note that γ5 is traceless and use Tr[1] = 4 in 4 dimensions.

(b) Write the general Fierz identity as an equation

(u1ΓAu2)(u3ΓBu4) =
∑
C,D

CABCD(u1ΓCu4)(u3ΓDu2) (10)
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with unknown coefficients CABCD . Use the completeness of the ΓA, where
any matrix X can be written

X = CAΓA, CA =
1

4
Tr
[
XΓA

]
(11)

leading to

δnjδkm =
∑
C

1

4
(ΓC)nm(ΓC)kj (12)

to show that

CABCD =
1

16
Tr
[
ΓCΓAΓDΓB

]
. (13)

Hint: It is instructive to write out the spinor products in components, i.e.

uiΓ
Auj = (ΓA)ij (14)

(c) Work out explicitly the Fierz identity for

(u1γ
µu2)(u3γ

µu4). (15)

Assignment 3 (Bonus):

Derive the Feynman rules in momentum space for the interaction terms of the
Euler-Heisenberg-Lagrangian

L = −1

4
Fµνµν +

c1
m4

(
FµνF

µν
)2

+
c2
m4

FµνF
νρFρσF

σµ. (16)
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