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Exercise 15 Chiral superfield in superspace (6 points)

A chiral superfield Φ(x, θ, θ̄) has the following decomposition in superspace,

Φ(x, θ, θ̄) = φ(x)− i(θσ̄µθ̄)∂µφ(x)− 1
4(θθ)(θ̄θ̄)∂2φ(x)

+
√

2θψ(x)− i√
2

(θθ)(θ̄σµ∂µψ(x))− (θθ)F(x),
(1)

with component fields φ(x), ψa(x), and F(x).

a) Verify D̄ȧΦ(x, θ, θ̄) = 0, with covariant derivative D̄ȧ = i
(

∂
∂θ̄ȧ
− iσµ,ȧbθb∂µ

)
.

b) Calculate the SUSY variations δf = −i(αQ + ᾱQ̄)f for the component fields f =
φ, ψ,F with

Qa = i

(
∂

∂θa
+ iσ̄µ

aḃ
θ̄ḃ∂µ

)
, (2)

Q̄ȧ = i

(
∂

∂θ̄ȧ
+ iσµ,ȧbθb∂µ

)
. (3)

c) Show that the product of two chiral superfields is again a chiral superfield. De-
termine the component fields of Φ′′ = ΦΦ′ in terms of the component fields of the
chiral superfields Φ and Φ′.

Please turn over!



Exercise 16 Integration in superspace (4 points)

Integration over Grassmann-valued coordinates θa and θ̄ȧ in superspace can be defined
(together with linearity of the integral) in terms of the elementary integrals∫

dθa 1 = 0,
∫
dθa θ

b = δba,
∫
d2θ =

∫
dθ2

∫
dθ1 = 1

2

∫
dθa

∫
dθa, (4)∫

dθ̄ȧ 1 = 0,
∫
dθ̄ȧ θ̄ḃ = δȧḃ ,

∫
d2θ̄ =

∫
dθ̄1̇

∫
dθ̄2̇ = 1

2

∫
dθ̄ȧ

∫
dθ̄ȧ, (5)∫

d4θ =
∫
d2θ

∫
d2θ̄. (6)

a) Calculate
∫
d2θ (θθ),

∫
d2θ̄ (θ̄θ̄) and

∫
d4θ (θθ)(θ̄θ̄).

b) Show that the functions δ(2)(θ) = −1
2(θθ) and δ(2)(θ̄) = −1

2(θ̄θ̄) act like “δ-functions”
within the superspace integral, by integrating them together with an arbitrary su-
perfield S(x, θ, θ̄).

c) For an arbitrary superfield S(x, θ, θ̄) and a chiral superfield Φ(x, θ, θ̄) show

−1
2

∫
d4x

∫
d4θ S(x, θ, θ̄) =

∫
d4x [S]D , (7)

1
2

∫
d4x

∫
d4θ δ(2)(θ̄) Φ(x, θ, θ̄) =

∫
d4x [Φ]F , (8)

where [. . . ]D and [. . . ]F denote the “D”- and “F” terms of the superfields.

d) Give the action S =
∫
d4xL of the Wess–Zumino-model in terms of the integral∫

d4x
∫
d4θ [. . . ].


