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PART I: Supersymmetry

Formulae:

Space-time metric:

o pt = diagl, -1, 1, 1]

In the Weyl representation:

A 0 ‘ ((y!‘)ad 5 66:3 0 EE"”’ - i(gltu)ap 0 |
1§ (5’“)0& 0 Y= 0 5(]1@ ’ 9 0 i((f’ly)aﬁ

(aﬂ)ad = (12?5:) ) (aﬂ)da = (121 """5)

where & = (0!, 0%, 0®) are the Pauil matrices. Furthermore,

with

1 : 1
()8 = 7 (070" — a"5"), ()%, = ;(&"a" — 5"0").

Somie spinor relations:

o XY 1= X e = VX, ¥ = Xa?¥® = V%, (@) = ¢IxT = ok
o XM = Xoh %, RGP = RaH i

o (xo)! = oty

o xotp = —haty

o X0 = oy, Yo = - )TY

(xo" )l = xoH"a)




Problem 1: Variations on the SUSY algebra

)

b)

d)

Write down the (N = 1) SUSY algebra in terms of the 10 bosonic generators of
the Poincaré group (P*, J*) and the 4 fermionic generators (Q,, and Q). Here Q,
(o = 1,2), and @ (¢ = 1,2) are 2-component Weyl spinors transforming according to
the (1/2,0) and (0, 1/2)-representations of the Lorentz group, respectively.

In 4-component notation we define the Majorana spinor Qare (¢ = 1,2,1,2):

Our = (g) |

Show that the Dirac-adjoint spinor is given by Qu = (Q%, Q 5)-

Show that

[P‘“:QI‘.J] = O:

1

[J*, Qar] = 73 S Qar

{Qn, Qui} = 29"P,

with y* and Z# = 1[v* "] in the Weyl representation.
Hint: Consider {Qasq, Qarp} for fixed a,b=1,2 1,2

L |

The SUSY algebra can be expressed entirely in terms of commutators with the help of
anti-commuting parameters £%, &, and 0%, 7,:

(e, ={Qs} = ... = [F, €] =0.
Evaluate the following commutators using the algebra in a):
(1) [P €Q) = [P €Q)
(i) [J#,€Ql, [T, £Q)]
(iii) [£@,nQ] = [£Q,7Q)
(iv) [£Q,7Q)]

where we use the summation convention £Q = £9Q),, £Q := £,Q°.
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Problem 2: A supersymmetric Lagrangian

a) Write down the Wess-Zumino Lagrangian for massless (m = 0) and non-interacting
(g =0) fields A and ¢

b) In this case (m = 0, g = 0) the SUSY transformations are given by

SeA = V2,
St = —iv2 o€ J,A
Here, we use again the summation convention and free indices o have been suppressed.

Write down the transformation rules for the conjugate fields which can be obtained by
hermitian conjugation:
(i) JeA* = (6cA) = ...
(if) devp = (de)’ = ...
¢) Show that
%55 [(8,A)(0"A)] = ~&p DA — & LIA® + 9, KY
with Ll := 8,0". Specify KY.
d) Show that
%56 [iha" Onp] = & DA + &p OA* + 0, K%

Specify K.
Hint: o#a” = 9 + 2097 | GHo¥ = ¥ 4 26" and o#” = —c"!, G = —g".

e) Conclude that the action is invariant under this symmetry: 6,5 = 0.
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