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Exercise 1: Supersymmetry and Strong-Electroweak Unification
Assume that the SM gauge Group SU(3)× SU(2)L × U(1)Y is embedded in a simple group
G, which is spontaneously broken at the GUT-scale MX . The gauge couplings gs of SU(3),
g of SU(2)L and g′ of U(1)Y will be related by1
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At Energies far below MX , these couplings will change, according to the one-loop renormal-
ization group equations (RGEs)
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where ng is the number of generations of quarks and leptons and ns is the number of Higgs
doublets.

a) Solve the one-loop RGEs.

b) Find an expression for the unification scale MX and the weak mixing angle θ by imposing
the conditions

g(mZ) =
−e(mZ)
sin(θ)

and g′(mZ) =
−e(mZ)
cos(θ)

. (2)

These expressions will still depend on ng and on ns. Imposing the MSSM conditions
ng = 3 and ns = 2, calculate the numerical values for MX and sin(θ). How do these values
agree with the experimental constraints coming for the proton decay and the electroweak
precision tests?

1For an abelian gauge group the coupling is not quantized. The value 5/3 in front of g′ is simply a
convention.
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Exercise 2: Superpotential Couplings in the MSSM
The most general MSSM superpotential respecting R-parity is

WMSSM = ūYuQHu − d̄YdQHd − ēYeLHd + µHuHd,

where the Ys are 3× 3 Yukawa matrices in family space. Approximating them by setting all
but the (3, 3) entries to zero, we obtain

WMSSM ∼ yt(t̄tH0
u − t̄bH+

u )− yb(b̄tH−d − b̄bH
0
d)− yτ (τ̄ ντH−d − τ̄ τH

0
d) + µ(H+

u H
−
d −H

0
uH

0
d).

What interactions does this superpotential generate? What are the coupling constants for
these interactions?
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