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Supergravity 1. Easter 2008

A.C. Davis∗

May 1, 2008

1. In linearised supergravity the fields transform under a global supersym-
metry transformation

hµν → hµν −
i

2
ǭ(γµψν + γνψµ)

ψµ → ψµ − iσνρ∂νhρµǫ

Show that

[δǫ1 , δǫ2 ]hµν = −i(ǭ2γ
ρǫ1∂µhρν + ǭ2γ

ρǫ1∂νhρµ − 2ǭ2γ
ρǫ1∂ρhµν)

2. Use the above supersymmetry transformations but let ǫ(x), to show
that the variation of the action for linearised gravity is

δSlinearised =

∫

d4x jµ∂µǫ

where

jµ =
i

2
εµνρσψ̄ργ5γ

νσλτ∂λhτσ

3. Explain why the Rarita-Schwinger equation describes a spin 3/2 field.
Compute the number of (off-shell) degrees of freedom for the mass-
less gravitino and compare this to the corresponding number for the
massless graviton. Show that this leads to the inclusion of auxiliary
fields.
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4. Compute the number of on-shell degrees of freedom for a massless grav-
itino and a massless graviton in a D-dimensional spacetime, where D
is even. When D=10 would you expect the supergravity multiplet to
contain other dynamical fields?

5. The Wess-Zumino model is

L = ∂µφ
∗∂µφ +

i

2
ψ̄γµ∂µψ

where ψ is a Majorana spinor. The supersymmetry transformations
are

δA = ǭψ

δB = iǭγ5ψ

δψ = −iγµ∂µ(A + iγ5B)ǫ

where

φ =

√

1

2
(A + iB)

when we let ǫ be space-time dependent, i.e. ǫ(x), show that

δL = ∂µǭj
µ

where
jµ = ∂/(A − iγ5B)γµψ

6. (*) Show that if we add

L1 =
−κ

2
ψ̄µj

µ

to the Lagrangian of question 5, then

δL1 = −∂µǭj
µ + iκψ̄µγνǫTµν

+i
κ

2
εµνρσψ̄µγν∂ρǫA

↔

∂ σ B

+i
κ

2
εµνρσ∂ρψ̄µγνǫA

↔

∂ σ B

where Tµν is the energy-momentum tensor for L and

A
↔

∂ σ B = A∂σB − B∂σA

and we have used the leading order transformation

ψµ → ψµ +
2

κ
∂µǫ

2


