QCD
problem set 13

1. In QCD infinitensimal change of the gauge field under the gauge transformation
Q(z) = exp(ib,(x)T?)
can be calculated from

Aff = Ql(2)A,Q(x) + éQT(x)auﬂ(x)

and reads (show it):
goA}, = gfabcﬁb(x)AZ — 0,04(2).
Calculate the change of the gauge condition
G*(A,) =ntAj
g 0G® under this transformation.
2. Next calculate matrix
0G*
950,
and then rewrite the free part of the ghost action

in momentum space. The inverse of this term is the ghost propagator.

Mab =

3. Applying gauge condition from problem 1 to the free part of the gluon action cal-
culate the gluon propagator (inverse of gluonic operator derived from the free part
of F,,,F*) in the axial gauge.

4. For a system of SU(3) scalar fields ¢,(z) with i = 1,2, 3 that satisfy the following
commutation rules R
(8.(t,2), 75(8,)] = 10O(@ - )y

one defines charge operators
Q(t) = —i/dBfﬁi(t,f)ﬂ‘;Aj(t,f)
where matrices 7 satisfy SU(3) commutation relations:
[Ta, Tb} — ifabCTc.

Prove that ) ) )
@0, Q0] =i Q.



. Flavor SU(3) left and right currents read

a = )\a a =~ )\a
L, = QLY e R, = IRV IR

where

1
Qézg(lq:%)(%

Show that vector and axial currents take the following form

a a a — )\a
Ve = R+ L, = (”u?q’

a a a — >\a
AL = R, — L= MVuV5 ¢

. In the case of fermion fields, commutation relations of scalar fields are replaced by
anticommutation relations:

{qa,k(t, ), b, (t, f’)} = 5O(F — )0 0p0m

where «, § stand for Dirac indices and k,[ denote SU(3) indices. Relevant charges
are defined as

Q) = [ ETa] 6T 0un(t. ),
Q) = [ @7 [t Dt 9 + ahit Danlt. 7]

where T = \"/a are SU(3) generators (Gell-Mann matrices). Making use of the
identity (prove it!)

{ab,cd} = a{b,c} d — ac{b,d} + {a,c} bd — c{a,d}b
show that
Q10| = i,
0h.Q] = iran
Q1.Qk] = o,

[Q%,R? QV = 0.




