
Physikalisches Institut Exercise 9
Universität Bonn 18.12.2012
Theoretische Physik WT 12/13

Exercises String Theory
Prof. Dr. Albrecht Klemm

1 The N = 4 superconformal algebra 8 points

We consider the N = 4 superconformal algebra, whose field content is given by the energy-
momentum tensor T (z), four supercurrents Gα(z), Ḡβ(z) and three currents Ja(z) forming a current
algebra of SU(2) at level k. The algebra is defined by the following OPEs
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The OPEs Gα(z)Gβ(w) and Ḡα(z)Ḡβ(w) are regular. The fields enjoy an expansion of the form

Gα(z) =
∑
r

Gαr z
−r−3/2

Ja(z) =
∑
n

Janz
−n−1

T (z) =
∑
m

Lmz
−m−2. (1.2)

1. Show that for unitary primary fields one obtains in the Ramond sector ∆ ≥ k/4, whereas in
the NS sector one finds ∆ − j ≥ 0. Hint: Use the commutation relations derived from the
OPEs in order to show the first statement and the spectral flow to derive the second from
the first one.

2. Show that the trace of (−1)F in the Ramond sector obtains contributions from ground states
only.

2 The chiral ring 2 points

In the N = 2 algebra, there are chiral fields corresponding to fields with eigenvalues 2∆ = |q|. Here
we denote by q the eigenvalue of J0, as usual.

1. Show that the product of two chiral fields φ(z), χ(w) has the charge qφ + qχ.



2. Using the operator product expansion

φ(z)χ(w) =
∑
i

(z − w)∆ψi
−∆φ−∆χψi (2.1)

show that the only terms contributing to the OPE in the limit w → z are those stemming
from fields ψi that are chiral. The chiral fields therefore form a ring. Why not a field?
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