
4 Supersymmetry More or Less

4.1 More: Extended Supersymmetry

{Qa
α, Q

†
α̇b} = 2σµ

αα̇Pµδ
a
b (4.1)

a = 1, . . . ,N (4.2)

allows an SU(N ) R symmetry
Massless multiplets:

choose the frame where pµ = (E, 0, 0, E)

{Qa
1, Q

†
1b} = 4Eδa

b , (4.3)

{Qa
2, Q

†
2b} = 0. (4.4)

so Q†2b produces states of zero norm.

state helicity degeneracy
|Ωλ〉 λ 1

Q†1a|Ωλ〉 λ+ 1
2 N

Q†1aQ
†
1b|Ωλ〉 λ+ 1 N (N − 1)/2

...
...

...
Q†11Q

†
12 . . . Q

†
1N |Ωλ〉 λ+N/2 1

(4.5)

|λ| ≤ 1 and |λ+N/2| ≤ 1 ⇒ N ≤ 4

N = 2: −1 ≤ λ ≤ 0
massless vector multiplet:

state helicity degeneracy
|Ω0〉 0 1

Q†|Ω0〉 1
2 2

(Q†)2|Ω0〉 1 1

(4.6)

+ CPT conjugate:

state helicity degeneracy
|Ω−1〉 −1 1

Q†|Ω−1〉 −1
2 2

(Q†)2|Ω−1〉 0 1

(4.7)
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massless N = 2 vector multiplet is built from N = 1 vector and chiral
multiplets

state helicity degeneracy
|Ω− 1

2
〉 −1

2 1 χc
L

Q†|Ω− 1
2
〉 0 2 φ

(Q†)2|Ω− 1
2
〉 1

2 1 ψL

(4.8)

gauge-invariant mass term: χLψL ⇒ vector-like

N = 3: −1 ≤ λ ≤ −1
2

massless vector multiplet:

state helicity degeneracy
|Ω−1〉 −1 1

Q†|Ω−1〉 −1
2 3

(Q†)2|Ω−1〉 0 3
(Q†)3|Ω−1〉 1

2 1

(4.9)

state helicity degeneracy
|Ω− 1

2
〉 −1

2 1
Q†|Ω− 1

2
〉 0 3

(Q†)2|Ω− 1
2
〉 1

2 3
(Q†)3|Ω− 1

2
〉 1 1

(4.10)

both vector-like

N = 4: λ = −1
massless vector multiplet:

state helicity degeneracy
|Ω−1〉 −1 1

Q†|Ω−1〉 −1
2 4

(Q†)2|Ω−1〉 0 6
(Q†)3|Ω−1〉 1

2 4
(Q†)4|Ω−1〉 1 1

(4.11)

vector-like
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4.2 N = 1 SUSY: Superspace

Superspace is a clever notational device for working with N = 1 SUSY
theories. One should note that it is not intrinsic to SUSY since it does
not work for N > 1 or in different numbers of dimensions. Since is just a
notational device it gives us no new information, but since many people use
it we need to be able to understand what their notation.

Introduce anticommuting (Grassmann) spinor “coordinates”: θα, θ†α̇.
Recall that for a single Grassmann variable we have:∫

dθ = 0,
∫
θ dθ = 1. (4.12)

Define:

d2θ ≡ −1
4
dθαdθβεαβ (4.13)

d2θ† ≡ −1
4
dθ†α̇dθ

†
β̇
εα̇β̇ (4.14)

d4θ ≡ d2θd2θ† (4.15)

Then we have∫
d2θ θ2 =

∫
d2θ θσθσ

= −1
4

∫
dθαdθβεαβθ

σεστθ
τ

= −1
4
(εαβδ

βσεστδ
τα − εαβδ

ασεστδ
τβ)

= −1
4
(εαβεβα + εβαεαβ)

= −1
2
εαβεβα

= 1 (4.16)

and ∫
d2θ (χθ)(ψθ) = −1

2
(χψ) (4.17)

Define a new superspace “coordinate”

yµ = xµ − iθσµθ† (4.18)
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Then we can assemble the fields of a chiral supermultiplet into a chiral
superfield:

Φ(y) ≡ φ(y) +
√

2θψ(y) + θ2F (y)

= φ(x)− iθσµθ†∂µφ(x)− 1
4
θ2θ†2∂2φ(x)

+
√

2θψ(x) +
i√
2
θ2∂µψ(x)σµθ† + θ2F (x) (4.19)

Now we can rewrite SUSY Lagrangians in superspace notation. Con-
sider: ∫

d4θΦ†Φ =
∫
d4θ

(
φ∗ + iθσµθ†∂µφ

∗ − 1
4θ
†2θ2∂2φ∗

+
√

2θ†ψ† − i√
2
θ†2θσµ∂µψ

† + θ†2F ∗

)
(
φ− iθσµθ†∂µφ− 1

4θ
2θ†2∂2φ

+
√

2θψ + i√
2
θ2∂µψσ

µθ + θ2F

)
= F ∗F + ∂µφ∗∂µφ+ iψ†σµ∂µψ (4.20)

−1
4
∂µ(φ∗∂µφ+ ∂µφ

∗φ) +
i

2
∂µ(ψ†σµψ) (4.21)

so ∫
d4xd4θΦ†Φ =

∫
d4xLfree (4.22)

Now consider the superpotential as a function of the chiral superfield:∫
d2θW (Φ) =

∫
d2θ (W (Φ)|θ=0 + θW1 + θ2W2)

=
∫
d2θ θ2W2

= WaF
a − 1

2
W abψaψb

−∂µ(
1
4
W aθ†2∂µφa −

i√
2
W aψaσ

µθ†) (4.23)

so ∫
d4xd2θW (Φ) + h.c. =

∫
d4xLint (4.24)
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4.3 Less: N = 0 SUSY

SUSY guarantees the cancellation of quadratic divergences for scalar masses
since they are put in supermultiplets with fermions. Chiral symmetries
admit at most logarithmic divergences for fermion masses since the physical
mass must vanish as the bare mass approaches 0.

mf = m0 + c
α

16π2
m0 ln

(
Λ
m0

)
(4.25)

However SUSY must be broken in the real world. There are lots of ways to
do this: e.g. W = Eaφa gives V = W ∗

aW
a = EaE∗a 6= 0 which breaks SUSY.

As long as the relationships between dimensionless couplings are maintained,
quadratic divergences will still cancel. i.e. we don’t want

δm2 ∝ (λ− |λt|2)Λ2 (4.26)

We want to parametrize our ignorance about SUSY breaking while main-
taining good high-energy behavior, that is we want an effective theory of
spontaneously broken SUSY with only soft breaking (dim < 4) terms.

Lsoft = −1
2
(Mλλ

aλa + h.c.)− (m2)i
jφ
∗jφi

−(
1
2
bijφiφj +

1
6
aijkφiφjφk + h.c.)

−1
2
cjki φ

∗φjφk + eiφi + h.c. (4.27)

Adding a fermion mass is redundant, since it can be absorbed into a
redefined superpotential. The cjki term may introduce quadratic divergences
if there is a gauge singlet multiplet in the model.
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Figure 1: Additional soft SUSY breaking interactions: gaugino mass Mλ,
non-holomorphic mass m2, holomorphic mass bij , holomorphic trilinear cou-
pling aijk, non-holomorphic trilinear coupling cjki , and tadpole ei.
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