PHysics BEYOND THE STANDARD MODEL

Exercise sheet 7

Exercise 1: Sfermions

The sfermion mass matrix in the MSSM is given by

gy = —fof wn f=[ ]

fr
e m7 + MJ%L + M2 (5 — epspy) cos 203 m(Ap — pry)
f my(Ap — pry) m3c+MJ%R + MZeysy, cos 23
. - cot 8 for up-type fermions
with ry = { tan 8 for down-type fermions

Determine the mass eigenvalues and eigenstates.

Exercise 2: Supersymmetry breaking in quantum mechanics

The goal of this exercise is to construct a simple supersymmetric model and observe sym-
metry breaking. Consider a quantum mechanical system with commuting (z,y: bosonic)
and anti-commuting (£, n: fermionic) coordinates:

L= 38— V() +nf + Wixng (1)

The quantisation is given by the following relations:
p.al=in {0 =n (P =£=0) (2)
Consequenlty, the hamiltonian is:

H = i 4 V(@) W(@)[0, 4 Q)

Consider the following representation of the fermionic operators:

~

E=o0,andf=ho_ (4)



The wave function is a two-component Pauli spinor:

¢1(x7 t) )
t) = 5
Y(z, ) < oz, 1) (5)
where ¢; is the bosonic and ¢ the fermionic component.

a) Express the Hamiltonian using Pauli matrices.

b) What is the operator Ny = H¢?

Consider now the following potentials:

R o Ov(@)
ViE) =530 and W) = S = (@) (6)
with the operators
1
Qi = 50 [p + io30(2)] where i=1,2 (7)

c) Calculate [H, Q;] and {Q;, Q;}. What do these relations mean?
d) Rewrite the ); in matrix notation. How do they act on v (z,t)?

e) Consider the vacuum |0), with H|0) = 0. What do you find for @;|0)7

f) Show that |f) = —\/%Q1|b> = z\/%Q2|b> is a fermionic state. What is the correspon-
ding bosonic state?

g) What happens to SUSY if the vacuum state has positive energy?



