PHysics BEYOND THE STANDARD MODEL

Exercise Sheet 5

Exercise 1: Chiral Multiplet

a)

Consider the complex superfield ®(z,0) = o(z) + V20 (x) + 00F (z). The fields
(p(x),9(z), F(x)) are called the chiral multiplet.
The SUSY transformations are (with ¢ infinitesimal):

0 — 0% +¢c” a=1,2 (1)
o = xt +ifote w=0,1,2,3 (2)
How do ¢, 1 and F' transform under SUSY? Total derivatives can be rewritten as

vanishing surface terms. Which terms can therefore appear in a Lagragian/action
for 7

The simplified representation in a) without § was possible because the field is chiral.
The regular coordinates are recovered using x* — z* + 160*6. Show that

O(z,0,0) = p(x) + .\/501/1(90) + (00)F () + i(60"0)d,0(x) (3)
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holds by using (0o#0)(00"0) = 39" (00)(00) (g" is the metric) and (0o+0)(0y) =
—5(00)(va"0).

The combination of chiral and anti-chiral superfields again yields a superfield of the

same kind. The multiplication of a chiral and an antichiral super field yields the
kinetic part of the Lagrangian. Calculate
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Exercise 2: SUSY-QED

In the superfield formalism the mass terms and interaction terms can be derived from the
renormalizable SUSY invariant superpotential:

A
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= — —(b .
W(®P) 5 P + 5 (5)
Show that
SW = /d6ZW ((I)) + h.c.
W(p) 1W(p)g
= : —= U, 0 h.c.
/dx{F e W LY e+ n.c,
where

Dy, 0) = oly)+ V200(y) + (HH)F(y)}y:aH—iGJé



