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Exercise 13 Wess–Zumino model (8 points)

After elimination of the auxiliary fields the Lagrangian density is given as

L = Lbos + Lferm + LYuk, (1)
Lbos = (∂µφ)†(∂µφ)−m2φ†φ+

√
2gm(φ†φ)(φ+ φ†)− 2g2(φ†φ)2, (2)

Lferm = iψaσ̄µ
aḃ
∂µψ̄

ḃ − m

2 (ψaψa + ψ̄ȧψ̄
ȧ), (3)

LYuk =
√

2g(φψaψa + φ†ψ̄ȧψ̄
ȧ), (4)

where φ denotes a complex scalar field and ψa a (Grassmann-valued) Weyl spinor field.

a) Derive the equations of motion for φ, φ†, ψ, and ψ̄.

b) Calculate the SUSY variation [Qa,L], where

[Qa, φ] = −i
√

2ψa, [Qa, φ
†] = 0, (5)

{Qa, ψb} = i
√

2εabφ†(m−
√

2gφ†), {Qa, ψ̄ḃ} =
√

2σ̄µ
aḃ
∂µφ

†, (6)

and show that [Qa,L] ∼ 0, i.e. the commutator vanishes up to surface terms and
terms that vanish because of the equations of motion.
(intermediate results: [Qa,Lbos] ∼ 0, [Qa,Lferm] ∼ −[Qa,LYuk] ∼ −2igφ†ψa[m(φ† +
2φ)− 4

√
2gφ†φ].)

Exercise 14 Covariant derivatives in superspace (4 points)

The covariant derivatives in superspace are defined by

Da = i

(
∂

∂θa
− iσ̄µ

aḃ
θ̄ḃ∂µ

)
, D̄ȧ = i

(
∂

∂θ̄ȧ
− iσµ,ȧbθb∂µ

)
. (7)

a) Verify the fundamental anticommutators

{Da,Db} = 0, {D̄ȧ, D̄ḃ} = 0, {Da, D̄ḃ} = −2iσ̄µ
aḃ
∂µ. (8)

b) Show that

[D̄ḃD̄ḃ,Da] = 4iσ̄µ
aḃ
∂µD̄ḃ, [DbDb, D̄ȧ] = 4iσµ,ȧb∂µDb. (9)


