
Advance Topics in Particle Physics: Assignment #5

Due 07/02/10

1. Prove that the SUSY transformation of the components of a chiral superfield

Φ(x, θ, θ̄) = φ(y) +
√

2θψ(y) + θθF (y) ,

δΦ = (ξQ+ ξ̄Q̄)Φ, is given by

δφ =
√

2ξαψα ,

δψα =
√

2ξαF +
√

2iσµ
αβ̇
ξ̄β̇∂µφ ,

δF = −
√

2i∂µψσµξ̄ .

2. The O’Raifeartaigh model consists of three chiral superfields with a canonical Kähler
potential K = Φ†iΦi and a superpotential

W = µ2Φ1 +mΦ2Φ3 + gΦ1Φ2
2 ,

where µ2, m and g are real and positive.
(a) Compute the scalar potential and the ground state(s) of the theory.
(b) In the case m2 > 2gµ2, calculate the spectrum of bosons and fermions in the
ground state(s). Is supersymmetry broken? If so, identify the Goldstino fermion.

3. Using the form of the vector superfield in abelian gauge theories in Wess-Zumino
gauge,

V (x, θ, θ̄) = −θσµθ̄vµ + iθθθ̄λ̄− iθ̄θ̄θλ+
1
2
θθθ̄θ̄D ,

show that

Wα ≡ −
1
4
D̄D̄DαV = −iλα(y) +

[
δβαD(y)− i

2
(σµσ̄ν)βαFµν(y)

]
θβ + θθσµαα̇∂µλ̄

α̇(y) ,

where yµ = xµ + iθσµθ̄.

4. The Fayet-Iliopoulos model is defined by

S =
∫
d4xd2θd2θ̄

(
Φ∗−e

2V Φ− + Φ∗+e
−2V Φ+ + 2ξV

)
+
[∫

d4xd2θ

(
1

4g2
WαWα +mΦ+Φ−

)
+ c.c.

]
,

where the parameters g, ξ and m are real, and m > 0.
(a) Find the vacua of the theory.
(b) For the case ξ > m2/g2, compute the spectrum of particles.
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5. In the last TA session we will discuss methods for distinguishing between SUSY
and UED at the LHC, based on spin determination of the intermediate particles in
cascade decays. Assume that we want to use these methods at the Tevatron or at a
future e+e− collider.
(a) Is the method suggested by Barr (arXiv:hep-ph:0405052) applicable? What about
the method based on top/bottom charge identification (arXiv:0901.4438)? Answer
qualitatively.
(b) Regarding the latter method, can you think of a qualitative difference between
the Tevatron and an e+e− collider? Recall that the spin information is extracted
using invariant mass distributions.
(c) Demonstrate your answer explicitly for the following example: Consider the
production of t̃¯̃t (or the equivalent UED states), where one stop decays through
t̃→ tÑ2 → (bW+)(`± ˜̀∓)→ (b`+ν)(`±`∓Ñ1) and for the other ¯̃t→ t̄Ñ1 → (b̄W−)Ñ1,
with a hadronic decay of W−. Assume that the masses of all new particles have al-
ready been measured and that the b momentum is always known, and ignore any
detector effects.
(d) For the cascade decay described above, write explicitly a corresponding cascade
for UED.
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