Effective Field Theory

EFTs of the SM Series 4

Assignment 1:

Show the Gordon-identity

ot ulp) = 5w { (o + ) + i o —p) Julp), (1)

for on shell particles, i.e.

pu(p) = v"puu(p) = mu(p), (2)
u(p)p = u(p)m, (3)

with

Hint:

V= 2p" — (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

(@ T ) (T3 Buy). (6)
The Dirac matrices can be decomposed in a complete set of 16 matrices
P4 € {195, %ps V5 O }- (7)
(a) Normalize the 16 matrices I'* to the convention (ignoring signs from g,,,,)
Tr [FAFB] = 4548, 8)
Hint: Use the fact that the trace is cyclic

Triy¥y"] = Tr[y"~"]. (9)

Note that 75 is traceless and use Tr[1] = 4 in 4 dimensions.

(b) Write the general Fierz identity as an equation

(T Aus) (T Pug) = > CAB (T uy) (WP uz) (10)
C,D



with unknown coefficients Cég . Use the completeness of the I'4, where
any matrix X can be written

X =CAT4, A= iTr [XFA] (11)
leading to
Bt = 32 1)) (12)
C
to show that
CAB = %6Tr [FCFAFDFB}. (13)

Hint: It is instructive to write out the spinor products in components, i.e.
7Ty = (I (14)

(c) Work out explicitly the Fierz identity for
(1" ug) (wsy" uy). (15)

Assignment 3 (Bonus):

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

£=—tpw oy (R, ) ¢ 2, PR, Fon
=—ghw + g (Fw + ot po 7. (16)



