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Questions

1. We define

∂α =
∂

∂θα
, ∂̄α̇ =

∂

∂θ̄α̇
, (1)

∂α = −εαβ∂β, ∂̄α̇ = −εα̇β̇ ∂̄β̇. (2)

Show that ∂αθ
β = δβα, ∂̄α̇θ̄

β̇ = δβ̇α̇. Attempt to explain the rationale for the
definitions of ∂α and ∂̄α̇.

2. The Grassmann integration is defined to be the same as the derivation. Show
that translation invariance and integration by parts are satisfied by Grassmann
integration.

3. We define

d2θ =
1

2
dθ1dθ2, d2θ̄ =

1

2
dθ̄2̇dθ̄1̇. (3)

Show that
∫
d2θθ2 = 1,

∫
d2θ̄θ̄2 = 1 and

∫
d2θd2θ̄θ2θ̄2 = 1.

4. Show that ∫
d2θ =

1

4
εαβ∂α∂β =

1

4
∂α∂α =

1

4
∂2, (4)∫

d2θ̄ = −1

4
εα̇β̇ ∂̄α̇∂̄β̇ =

1

4
∂̄α̇∂̄

α̇ =
1

4
∂̄2. (5)

Recall that εαβ = εα̇β̇ =
(
0 −1
1 0

)
and εαβ = εα̇β̇ =

(
0 1
−1 0

)
.

5. Show the analog of the Leibniz rule

∂α(fg) = (∂αf)g + (−1)|f |f(∂αg), (6)

where |f | is the parity of the function f (zero for Grassmann even and one for
Grassmann odd).

6. Recall the definitions

Qα = −i∂α − σµαα̇θ̄
α̇∂µ, Q̄α̇ = i∂̄α̇ + θασµαα̇∂µ, (7)

Dα = ∂α + iσµαα̇∂µ, D̄α̇ = ∂̄α̇ + iθασµαα̇∂µ. (8)

Show that

{Dα, D̄α̇} = 2iσµαα̇∂µ, {Dα, Dβ} = 0, {D̄α̇, D̄β̇} = 0, (9)

{Dα, Qβ} = 0, {Dα, Q̄α̇} = 0, (10)

{D̄α̇, Qβ} = 0, {D̄α̇, Q̄α̇} = 0. (11)
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7. Consider a superfield Φ(y, θ, θ̄) with yµ = xµ + iθσµθ̄. Compute the action of the
supersymmetry covariant derivatives Dα and D̄α̇ on it, expressing them in (y, θ, θ̄)
coordinates. Solve the chirality constraint D̄α̇Φ = 0. Do the same for a superfield
Φ̄(ȳ, θ, θ̄) where ȳµ = xµ − iθσµθ̄.

8. We define

Dα = −εαβDα, D̄α̇ = −εα̇β̇D̄β̇, (12)

D2 = DαDα, D̄2 = D̄α̇D̄
α̇, (13)

just like for ∂α and ∂̄α̇. Show that

{Dα, D̄α̇} = 2iσ̄µ,α̇α∂µ. (14)

9. Show that, up to boundary terms from total derivatives,∫
d4xd2θY (x, θ) =

1

4

∫
d4xD2Y (x, θ), (15)∫

d4xd2θ̄Y (x, θ̄) =
1

4

∫
d4xD̄2Y (x, θ̄). (16)

10. Show that

DαDβDγ = 0, D̄α̇D̄β̇D̄γ̇ = 0, (17)

D2D̄2 + D̄2D2 − 2DαD̄2Dα = −16�, (18)

D2D̄2 + D̄2D2 − 2D̄α̇D
2D̄α̇ = −16�. (19)
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