SUPERSYMMETRY
Problems: set 1

November 6, 2008

. Find the spectrum of the fermionic oscillator:

{a,a'} =1, H = L(aa' — a'a)w.

. Let the superpotential W be of the form W = az?, a > 0. Write down
the supersymmetric partner potentials and plot them.

. Let the ground state of a supersymmetric Hamiltonian be 1)y = Axz’e =52,
Write down W, Vi, V5, make the plots.

. Consider W = ax?® + bx + ¢, a,b,c > 0. Is supersymmetry broken
or not? Assume a = 1/5,b = 1,¢ = 0. Plot the partner potentials,
compare the spectra (no need to solve the potentials explicitly).

. Prove the following identities:
(09),5(3,)1% = 28557

(0")ac () 55 = 2€ap€sp
(ota” +ova")§ = 20" o5
tr(ota?) = 2nM

. Demonstrate the decomposition (1/2,0) ® (0,1/2) = (1/2,1/2):
waid = %(0“)04@@0#)2)'

. Find explicitly the form of the conserved supercurrent in the case of
interacting supersymmetric quantum mechanics.
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Consider 2 x 2 complex matrices M belonging to the SL(2,C) group:
det(M) = 1. They act on left spinors as follows: ¢ — 1., = MP1g.
Show that €*? = e”éMﬁMf . Furthermore, demonstrate the mapping
from SL(2,C) to SO(1,3):

A = Ltr(a" Mo, MT).
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Show that €373 with real parameters 6, 1, belongs to SL(2,C).

Define V4 = 0%V, where V), transforms as a four-vector. Express V,
through V.

Demonstrate that:

Ho = o
X0") = —votx
(0")5(0™)) = €ay€™ + 0005

Using the results of the previous problem show the decomposition
(1/2,0) ® (1/2,0) = (0,0) @ (1,0):

VaXp = %Eaﬁwx + %(UWET)QB(QZJUW)().

Show that

(00)(X€) = —5(00"€)(XT.0)
605 = 1(06)55
(079)(050) = 311 (60)(00)

Write down the N-extended supersymmetry algebra with central charges
in four-component spinor notation. Show explicitly that it reduces
down to the two-component form. Use Majorana spinors.

Write explicitly general N = 1, N = 2 supersymmetry multiplets which
contain (a) massive particles of maximum spins 1/2, 1, 3/2 and (b)
massless particles with maximum helicities 1, 3/2, 2. Take note of the
CPT invariance.



