SUPERSYMMETRY
Problems: set 2

December 20, 2008

1. Define differential operators P, ]5“, Qu, Qu, D,, D, in superspace
coordinates {z, 0, 0} as follows:

P, =1id,, P, = —id,,

Q% = —i% + (fote)*0,,

_ _,; 0 B pé
Dy = —igge — 0,50%0,,
Nnee ;0 JTPAY
D® = —igs- — (0ot'€)?0,.

Show that

{Qde} = QUZdP/m {DOM Do'é} - ZO-go}p,ua
{Qay Dd} =0= {Qa; Da}-

2. Given a general scalar superfield S(z, 0, 0) = ¢(z) + 0y (x) + Ox(z) +
6>M (z) + 0> N (z) + 00”0 A, (x) + 620\(z) + 6*0p(x) + 6260* D(x) find the
supersymmetry transformations of the component fields. Remember

that 0.9 = (i€Q + i£Q)S.

3. Given a chiral superfield ® find the component expansion of log(®) and
®", where n is a natural number.

4. For a general real superfield V = VT find the D-component of V",
where n is a natural number.



5. Define a "spurion” superfield Z = a + b0? + b*6? + 6262, where a, b, c
are complex numbers. Does Z behave like a proper superfield under
supersymmetry transformations? Find the component expansion for
the Lagrangian density

[d* 721D,

where ® is a chiral superfield. Is the theory described by this La-
grangian density supersymmetric?

6. Find the component expansion of the Lagrangian density
Jd'0 (®leV Dy + @hetV Dy +26V)
J 20 (m®®y + ;(102)2 — JWW,) + hoc.
Use the Wess-Zumino gauge for the vector superfield, V = 90“914# (x)+

020X (x)—i620X(x)+1D(x). The @, 5 are chiral superfields with charges
—1, +1 respectively.

7. Show that one can define components of a chiral superfield ® as follows:
A= qD‘O? Xa = %Da‘b’o;
F = iD2®|O’
where |o means 0, = 9_6' =0.

8. Consider an SU(2), N = 1 supersymmetric theory with three chiral
superfields on the adjoint representation of SU(2): @, 23. The super-
potential is given by

W = EijkTT (I)z [q)j, (I)k],

where €103 = 1. The Kahler potential is the minimal renormalizable
one. Is supersymmetry broken in this model? Next, add to the super-
potential

What about supersymmetry breaking in the presence of these terms?
Show that the equations of motion become [®;, ®;] = €;;,m;Pr. Which
matrices satisfy these equations?



