
Physics 686 Homework 6 Due March 31, 2004

Problem 1. So far, we have considered only renormalizable superpotentials, meaning those

that contain up to three scalars. However, non-renormalizable superpotentials also can

be present; they are just suppressed by powers of the cutoff scale, usually considered to

be about the Planck mass MP . So, they would have the form:

WNR =
1

MP

hijklφiφjφkφl +
1

M2

P

kijklmφiφjφkφlφm + . . .

As usual, the superpotential must be gauge-invariant (carry no color, be an SU(2)L

singlet, and carry no net U(1)Y charge).

(a) Make a list of all the possible non-renormalizable terms in the superpotential for the

MSSM that involve exactly four scalar fields and which violate baryon number and/or

lepton number. [Hint: A necessary condition for SU(3)c gauge invariance is that the

number of Q fields minus the number of ū, d̄ fields is an integer multiple of 3. Similarly,

SU(2)L gauge invariance requires that the number of SU(2)L-doublet fields is an even

integer. Explain why this is true.]

(b) Which of the terms in your answer to part (a) are eliminated if you impose matter

parity conservation?

(c) From your answer to part (b), use equations (3.44) and (3.50) in the Primer to

construct a term in the Lagrangian (as opposed to the superpotential) that preserves

R-parity but violates baryon number and lepton number, and involves two fermion fields

and two scalar fields. Use it to draw a Feynman diagram that allows proton decay. [The

answer is not unique. The diagram will necessarily be a loop diagram.]

Problem 2. In the Primer notes, we drew one example of a Feynman diagram that con-

tributes to K0
↔ K0 mixing. This diagram was overly crude, in that the squarks were

not labeled as left- or right-handed.

(a) Draw representative one-loop Feynman diagrams that could contribute to K0, K
0

mixing and which involve: (i) the bino; (ii) the wino; (iii) the ad soft terms; (iv) the au

soft terms. Label each squark as left- or right-handed in each of your four diagrams.

(b) Draw a representative Feynman diagram involving superpartners for each of the

processes: B0

d ↔ B
0

d mixing; D0
↔ D

0
mixing; and b → sγ.


