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PART I: Supersymmetry

Formulae:

Space-time metric:

d UW = dlag[la —1,-1, _1]
In the Weyl representation:
’YM — < 3 O . (Uu)aa) , 75 — 50/[8 (i , lzlu/ — Z(O’!’”j)aﬁ ] 7/?1/ Q
(gH)ae 0 0 5ﬁ. 2 0 i(ah) 5

(O-u)ao'z = (127 6) ) (6“)da = (]27 _52)

where ¢ = (0!, 02, 03) are the Pauil matrices. Furthermore,

with

1 . 1
(") = J(o¥a" —a"a"), (), = (a"0" — o).

Some spinor relations:

o XY = X"a = VX, XU 1= X0 = Ux, (x¥)T = ¢Ix =¥y
o XOM) 1= X0l WY, XOM) = X0 g

(xo*y)t = pot'x

Xo') = =gty

XOH ) = oy, o =~

(xo"" )t = xot2)



Problem 1: Variations on the SUSY algebra

a) 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 Q, (& = 1,2) are 2-component Weyl spinors transforming according to
the (1/2,0) and (0, 1/2)-representations of the Lorentz group, respectively.

b) In 4-component notation we define the Majorana spinor Qs (a = 1,2, 1,2):

Qu = (gi) :

Show that the Dirac-adjoint spinor is given by Qa; = (Q7, Q ﬂ-).

c¢) Show that

[PanM] = 07
[JWaQM] = —% XM Quwr

{QM,QM} = 29"P,

with v#* and X* = ﬁ[fy“, ~*] in the Weyl representation.
Hint: Consider {Qxs.q, Qurp} for fixed a,b=1,2 1,2.

Y ) Y

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

{ga’é&b’} = {’Sanﬁ} = ... = [mea] =
Evaluate the following commutators using the algebra in a):
() [P 6Q] = [P, €Q)
(i) [J“”,fQ] [T, Q)
(iii) [£Q, Q] = [6Q, 7@
(iv) [£Q.7Q)

where we use the summation convention £Q := £%Q., £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 1)

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

GeA = V20,
oetp = —iv2 ot 9,A
Here, we use again the summation convention and free indices a have been suppressed.

Write down the transformation rules for the conjugate fields which can be obtained by
hermitian conjugation:

(i) deA* = (6:A)T = ...
(ii) devp = (0ey))T = ...
c) Show that

1 __
506040 4)] = ~€0 DA — €0 DA” + 9,k

with O := 9,0". Specify K.

d) Show that
1 - - .
Eag [ipa" 0,0 = & OA + & OA* + 0,KY
Specify K.
Hint: 046" = " + 20" | gHo” = n* + 26" and o = —o"H, GH = —G"~.

e) Conclude that the action is invariant under this symmetry: 6.5 = 0.



