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List the superfield content and representations under SU(3)xSU(2)xU(1)y of the
MSSM fields. Briefly discuss the hypercharge gauge boson anomaly. Show explicitly that
the contribution from each Standard Model family is zero, then argue for the addition of
an extra Higgs doublet in the MSSM from anomaly arguments.

Discuss the other reason for introducing a second Higgs doublet into the MSSM.

(a) Find the integers A, B,C, D, E where
9%(00) = A, 9%*(00) = B,
1 . 1 ..
agB _ — af apB _ — ap
00 oe (06), 00 e (00),
_ _ 1 _
(0c"0)(00"0) = E(GG)(GQ)W”

(b) Give the condition that restricts a general N = 1 superfield to be a vector
superfield V.

(¢) The covariant derivatives are defined in z* coordinates as

Do = 04 + z'aggeﬁaﬂ, D = —0s — i0°0%,0,.

Show that

DoV (y*, 0%, 0%) = [04+2i(c"0)a0,)V (y*, 0°, 6%),

DsV(y", 6%, 8°) = —d.V(y", 0%, 6°).
(d) Consider the vector superfield in Wess-Zumino gauge
Vit 6% 0%) = (05"0)V,(z") + (00)(ON(z")) + (00)ON(x") + %(00)(9§)D(x“).
Show that the field strength superfield W, = —iDQDaV can be written

Wa(y", 0%, 0%) = Aa(y™) + 0D (y") + ...

where ‘..." denotes terms involving A(y*) and V (y*), which you need not find.
(e) What kind of superfield is W,? Give a reason for your answer.
[ Note that Tr(o#c") = 2n*. Use the following conventions from the lectures:

(2 = ey =2 = —(12 = 419,00 = 67, 8,68 = 5%, 00 = 0°0,,, 60 = 6,0 ]

Part 111, Paper 438



2% UNIVERSITY OF
Y% CAMBRIDGE 3

The Polonyi model of N = 1 supergravity has a single chiral superfield z, a
superpotential
W =m?(z + j),

where 8 > 0 is a real constant, and Kéhler potential
K = |z

(a) Calculate whether the model breaks or preserves supersymmetry, giving any necessary
conditions involving the parameters m, 3 and (z).

(b) Calculate the scalar potential of z, V(z).

(c¢) Imposing the (approximate) observational constraint of a zero cosmological constant
V((z)) = 0, where (z) is the vacuum expectation value of the scalar superfield, show that

B=-VA+B,

where A and B are integers that you should find.
(d) Show that
(z) =VC + D,

in Planck units, where C' and D are integers which you should find.

[ In Mp; = 1 units, the general N = 1 supergravity scalar potential is given by
V= K <Ki;1DZ-W(DjW)* - 3|W|2) :

where D;W = o;,W + WO, K. ]
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