Universitédt Heidelberg SS 2010

PROBLEMS FOR QUANTUM FIELD THEORY 2
7. Sheet

Suggested reading before solving these problems: Chapter 4.3 in the script and/or
chapter 16.1-16.4 in Peskin & Schroeder.

PrROBLEM 1: BRST Symmetry
Consider the action of a Non-Abelian gauge theory after gauge fixing with the
Fadeev-Popov method

S = /x {i(FﬁuV - %(&Am? — (1D, + m)y + Eaaqufcc} | )

with D, = 0, + igA,.
a) Show that eq. (1) is equivalent to

1 a n 5 apa a a —~a ac .c
S = /x {Z(F“V)Q — V(v Dy +m)y — §b b + b0, A, + 0, Djfc } . (2)
if the equation of motion for b is used. Note that b* is an auxiliary field. It can
be eliminated by solving its field equation or equivalently by performing the

Gaussian integral over it.

b) Show that the action in eq. (2) is invariant under the contiuous symmetry

0AL = —eDjct,
0y = igec't®y,
1
(SECa — —QQEbeCCbCC,
5.2 = b,
6" = 0,

with an infinitesimal Grassmann valued parameter e.

¢) The BRST charge operator @ is defined by d.¢p = eQ¢, where ¢ is one of the
fields A%, ¢, ¢*, ¢* and 0. Show that

Q¢ =0.

d) Use the BRST charge operator @) to devide the Hilbert space into three distinct
subspaces and identify the physical Hilbert space.



