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Exercise 1:
In the lecture you saw the gauge superfield in Wess-Zumino gauge!

V(x,0,8) = 00"du,, +i(00)07 — i(60)0 + %(90)(50_)D.

This gauge breaks supersymmetry. This means a supersymmetry variation of a gauge super-
field in the Wess-Zumino gauge will not remain in the Wess-Zumino gauge. In order to get it
back to this gauge it will be necessary to perform a compensating gauge transformation.

In this exercise you should first compute the supersymmetry transformation of an abelian
gauge superfield in Wess-Zumino gauge and the calculate the compensating gauge transfor-
mation to go back to the Wess-Zumino gauge.

Exercise 2: PhD exercise

The goal of this PhD exercise is to investigate the behaviour of simple supersymmetric models
under transformations of the conformal algebra.

The conformal algebra of Minkowski space contains the Poincare algebra as a subalgebra,
and in addition it has five other generators: the dilation D and the special conformal
transformations K. These give the following commutation relations

[P,uv D] = PM?
[Kw D] = _KIM
[Py, K] = 2nu,D —2M,,,
[Muua Kp] = MupKy — Ky

(1)
a) How do the generators of the conformal algebra (P,, M,,, D, K,) have to act on a scalar

field S, a pseudoscalar field P and a spinor v, such that the conformal algebra is fullfilled?

b) Prove that the action of the massless Wess-Zumino Lagrangian

Lz = 3 (08— L(OP)’ = L, = NS — P — S X2(5% + P2’

1
2
is conformal invariant.

c¢) We know that the Wess-Zumino Lagrangian is invariant under both supersymmetry and
conformal transformations. The commutator of an infinitesimal supersymmetry and an
infinitesimal special conformal transformation is, by definition, a conformal supersym-
metry. These are generated by a spinorial generator S,, defined by

[Kua Qa] = (W)absb-

The infinitesimal conformal supersymmetry is ;¢ = ¢S - ¢, where ( is an anticommuting
Majorana spinor. How does d¢ act on S, P and 7

'Here we consider only an abelian gauge field.



d)

The last step is to show that the superconformal algebra on the fields S, P and v closes
on-shell. For this we need to introduce the R-symmetry generator R. How does this
generator act on S, P and ¥?7 What additional commutation relations do you get for the
superconformal algebra, consisting of the generators P,, M, D, K,, Qq, S, and R?

How can one interpret the dilation D and the special conformal transformations K, phys-
ically? How can you view them pictorially?

Are there other Lagrangians that are invariant under superconformal transformations?
Hint: What happens when you add gauge fields? Can a Lagrangian with masses or massive
couplings be invariant under dilations?



