
Physics 731 Homework 5

Due 7 March 2007

1 Susy QED

1. Starting with the superfield Lagrangian for abelian gauge theories given in class, find

the supersymmetric QED Lagrangian by coupling 2 massive chiral superfields to one

vector superfield. The chiral superfields have opposite U(1) charge:

Φ+ → Φ′

+ = e−ieΛ Φ+ , Φ− → Φ′

−
= eieΛ Φ− (1)

and the (real) mass matrix has the following components

m+− = m−+ =
m

2
, m++ = m−− = 0 . (2)

2. Expand the Lagrangian in component fields. Work in Wess Zumino gauge and use

Φ±(x, θ, θ̄) = A±(x) +
√

2 θψ±(x) + θθ F±(x) + iθσµθ̄ ∂µA±(x)

−
i
√

2
θθ ∂µψ±(x)σµθ̄ +

1

4
θθθ̄θ̄ A±(x)

Φ±(x, θ, θ̄) = Ā±(x) +
√

2 θ̄ψ̄±(x) + θ̄θ̄ F̄±(x) − iθσµθ̄ ∂µĀ±(x)

+
i
√

2
θ̄θ̄θ σµ∂µψ̄±(x) +

1

4
θθθ̄θ̄ Ā±(x)

V (x, θ, θ̄) = −θσµθ̄ vµ(x) + iθθθ̄λ̄(x) − iθ̄θ̄θλ(x) +
1

2
θθθ̄θ̄ D(x)

Wα(x, θ, θ̄) = −iλα(x) + θαD(x) −
i

2
(σµσ̄νθ)α vµν(x) + θθ (σµ∂µλ̄(x))α

W α̇(x, θ, θ̄) = iλ̄α̇(x) + θ̄α̇D(x) +
i

2
(σ̄µσν θ̄)β̇ǫα̇β̇ vµν(x) − θ̄θ̄ (σ̄µ∂µλ(x))β̇ǫα̇β̇

with implied contraction of spinor indices, i.e. θθθ̄θ̄ = θαθαθ̄α̇θ̄
α̇ and (σµσ̄νθ)α =

(σµ)αα̇(σ̄ν)α̇βθβ etc.

3. What would have gone wrong if we had started with just one chiral multiplet? [You

may not get this if you don’t know about anomalies.]

4. Show that the mass term for the scalar A±(x) takes the canonical form after eliminating

the auxiliary F±(x). What terms arise from eliminating the auxiliary D(x)?
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5. Identify the minimal coupling terms in the Lagrangian. Would you have guessed the

non–minimal couplings if you had been asked to construct super–QED from an electron,

a photon and their superpartners? Hopefully this makes you appreciate the superfield

formulation; writing down a Lagrangian in superfields gives you the supersymmetric

interaction terms “for free.”

Hint: You might find the following identities useful

θαθβ = −
1

2
ǫαβ θ2 , θαθβ =

1

2
ǫαβ θ

2 (3)

θ̄α̇θ̄β̇ =
1

2
ǫα̇β̇ θ̄2 , θ̄α̇θ̄β̇ = −

1

2
ǫα̇β̇ θ̄

2 (4)

Tr (σµσ̄ν) = −2ηµν (5)

Tr (σ̄µσν σ̄ρσσ) = 2(ηµνηρσ − ηµρηνσ + ηµσηνρ − iǫµνρσ) (6)

(ψ̄σ̄µλ) = −λσµψ̄ (7)
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