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Problem Set 2: Date Due: October 20, 2006

1. Consider an action for a scalar field ¢ coupled to a fermion field

S = /d%[ = %n“”a“d)a,,(ﬁ — %mzcb2 + P(iy*8, — m) + )\d—w“z/)a“qb}

(a) Derive the Feynman rules for this theory.

(b) Using these Feynman rules calculate

Dy (1) Py (k2) 5, (1), (P2))e

to order \2. Here ( ). denotes connected Green’s function. , .
9. Tn a non-abelian gauge theory based on the gauge group G, consider a  CAtre Lo

gauge transformation of the gauge field By, by the group valued function P
Us(z), followed by another gauge transformation by the group valued Pl
function Uy (z). Show that this is equivalent to transforming the original S

gauge field by the group valued function Uy (z)Ua(z).




Problem Set 3: Date Due: November 25. 2006

1. Derive the Feynman rules of quantum electrodynamics if we choose the

\sié\

/{25?

gauge fixing term in the action to be
1
- /d‘*:c H(z, A)H(z, A)
2«

where

H(z, A) =8"A,+ AFA, .
Consider a parametrization of the SU(2) group element as
U = exp(iaos) exp(ifo;) exp(iyos)
where 0, 09 and o3 are Pauli matrices. Find an expression for the

Haar measure of the group in terms of the parameters a, 3, 7.

Consider a field theory of a scalar field ¢ and a fermion field ¢ with
action:

5= /d4ac [—%n“"@u<b<9u¢ - %qubz + (i, — m)w}
(a) Now introduce a new fermion field x through the relation:
P =ey
and express the action in terms of the fields ¢ and x. Here A is a

constant.

(b) Now forget about the original action and work with this new ac-
tion regarding ¢ and x as independent fields, and A as a small
parameter. To order A, calculate the S-matrix element relevant
for computing the decay of a ¢ particle into two y particles. As-
sume that M > 2m so that this decay is energetically possible.

. Consider a field theory of a fermion field ¢ and a scalar field ¢ with

action:
s=[di {——nwama 6 — MW + iy Db + g P

where ¢ is a coupling constant. Determine the minimal set of other

L~
terms you will need to add to the action to make the theory renormal- 7. i\
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