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Question 1
• Describe the hierarchy problem and discuss how supersymmetry can

help resolve it.

• Give the basic features of the MSSM mass spectrum. You are allowed
to make GUT scale assumptions as you please.

Question 2
• Discuss the supersymmetric extension of QED using the generic super-

symmetric action in terms of superfields

S =
∫
d4xd4θ

[
Φ†eqVΦ + θ̄θ̄W [Φ] + θθW [Φ†] +

1

2T (R)
θ̄θ̄Tr{WAWA}

]
.

(1)

• What dark matter candidates exist in supersymmetric models, and how
would you go about discovering them?

Question 3
• What are the representations of the superalgebra?

[Pµ, Pν ] = 0,

[Mµν ,Mρσ] = −i(gµρMνσ − gµσMνρ − gνρMµσ + gνσMµρ),

{QA, QB} = {Q̄Ȧ, Q̄Ḃ} = 0,

{QA, Q̄Ḃ} = 2σµ

AḂ
Pµ,

[Mµν , Pρ] = −i(gµρPν − gνρPµ),

[QA, Pµ] = [Q̄Ȧ, Pµ] = 0,

[QA,M
µν ] = σµν

A
BQB.

• How can you discover sparticles at a hadron collider such as the LHC?
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Question 4
• Define what is meant by a Lie algebra and discuss how a superalgebra

extends this notion.

• How can you discover sparticles at a lepton collider such as the future
ILC?

Question 5
• Argue how one can arrive at a differential representation of the super-

algebra using superspace coordinates zπ = (xµ, θA, θ̄Ȧ) and the super-
Poincaré transformation

L(a, α) = exp [−iaµPµ + iαAQA + iᾱȦQ̄Ȧ].

• Describe a precision measurement that is sensitive to supersymmetry.

Question 6
• Write down a generic superfield in terms of component fields and ex-

plain the properties of the component fields. Comment on the relation-
ship between superfields and the representations of the superalgebra.

• Explain how the mechanism of radiative electroweak symmetry break-
ing (REWSB) works in the MSSM.

Question 7
• Write down the general form of an N = 1 supersymmetry Lagrangian

in terms of superfields and explain the various rôles of its constituents.

• Discuss the basic features of the MSSM particle mass spectrum.
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Question 8
• Explain how supersymmetry can be broken spontaneously.

• Describe the structure of the MSSM Lagrangian.

Question 9
• What are scalar and vector superfields?

• Explain what is meant by the freeze-in mechanism and WIMP-magic.
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