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1 The propagator of the free boson (2 points)

In two dimensions, the free boson has the following Euclidean action

S = ;g/d% (auqb@“qb + m2¢>2) . (1)
1. Show that the propagator
K(z,y) = (¢(z)o(y)) , (2)
obeys
9(=0% +m*)K (z,y) = 6(z —y). (3)

2. Show that K (z,y) only depends on r = |z — y| and that

Km_—z;m@. (@)

Hint: Integrate (3) and derive an ordinary differential equation for K(r).

3. Rewrite K(r) in complex coordinates. Show that
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(0-6(2)0up(w)) =~ 1 ?
2PE) P\l = g (z —w)? "’
2 The ghost system (4 points)
The action for the ghost system is given by
1 v
S:Q/fmwmc. (6)
Both ¢ and b, are anti-commuting and b,,, is a traceless tensor. The propagator is found to be
1 1
b = ) 7
((z)ew)) = ——— 7)



1. Determine the correlators
(b(2)0uc(w)) s (0:b(z)c(w)) and  (D.b()Duc(w)) . (8)
The normal ordered energy-momentum tensor of the system is given by
T(z) =mg : (20cb + cob) . 9)

2. Compute the OPE’s T'(z)c(w) and T'(z)b(w) using Wick’s theorem and read off the cor-
responding conformal dimensions.

3. Compute the OPE of T" with itself

T()T(w) = —2_ 4 M) | 9T(w) (10)

z—w)? (z-—w)? z—-w

and determine the central charge as well as the conformal weight of T'.

3 Vertex operators (4 points)
Bosonic Vertex operators are defined by
Va(z,2) =: e 0P23) (11)
where ¢ is a free bosonic field.
1. Show that the OPE of 0¢ with V,, is

2'704 Va(w’ w)

06(:)Va(w, 1) = — o~ (12)
2. Show that the OPE of V,, with T is given as
2 _ _
T(a)Valw,0) = o (V;@”w@ + 3‘/;(_11)1,1]11)) . (13)
What is the conformal dimension?
3. Show that for two free fields one has
D01 ebP2 =, pad1tbda  pab(d1d2) (14)

Use this result to compute the OPE of two Vertex operators.



