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Consider N' = 2 supersymmetry with central charges Z48, A, B = 1,2. Write
the algebra for the supersymmetry generators Qé, Qé with o, &, A = 1,2 and define the
associated creation and annihilation operators. For Z48 = 0 construct and enumerate
the number of the states in a massive representation of the algebra starting from a spin 0
state |Q). For Z4B = 0 prove the BPS condition relating mass and charge. Describe the
properties of the BPS states saturating the condition. Generalise this result for any even

N.

Using the definition of the supercovariant derivatives
Do =0a +i(0"),50°0,  Da =0 +i6°(0")5ad,

define a chiral superfield. Write a general expression for a chiral superfield ®(y, ) with
y* = 2 + i#c*0 in terms of its components. Use this to write the full expression of
®(x,0,0). Consider now a chiral superfield X with the extra nilpotency constraint X2 = 0.
Solve for each of the components of X. Write the most general superpotential and Kahler
potential for the field X. Compute the corresponding contribution to the scalar potential.
What can be said about supersymmetry breaking in this case. If an extra chiral superfield
Y is introduced satisfying XY = 0 solve for the components of Y. Write the most general
superpotential and Kéahler potential as a function of X and Y.
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Consider N = 1 supergravity with three chiral superfields S, T, and C. In Planck
units, the Kahler potential and superpotential are given by

K = —log(S+5%) — 3log(T'+T*—-CC")
W = C® 4+ ae ™™ + b,

where a, b are arbitrary complex numbers and « > 0. Compute the scalar potential. Find
the auxiliary field for S, T, C' and verify that supersymmetry is broken. Assuming that C
denotes a matter field with vanishing vev, find a minimum of the potential. Are there flat
directions? A typical Kéhler potential derived from string compactifications includes the
term

K = —-3logI'(1;)

where I' is a homogeneous function of degree one of moduli fields 7;. Using the homogeneity
equations 7;I'; = I and 7;I';; = 0 (where I'; = OI'/07;, etc.) show that

7K =30;/T  TyK;'T;/T? =1/3

and deduce from this that if the superpotential does not depend on the 7; fields then the
corresponding contribution to the N = 1 supergravity scalar potential V' vanishes.
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