
2009–05–05 Lecturer: Gabriele Ferretti

May 28 start 14:00 Lindroos, Persson, Pettersson, Neziraj

May 29 start 10:00 Björnsson, Schultz, Kleväng, Lindkvist.

Chiral “super” field = (φi, ψα
i , F i). C, Weyl, auxiliary.

Off-shell:

L=− ∂µφ
i∗ ∂φi− iψ†iσ̄ µ∂µψ+F ∗iFi− 1
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W = 0. Superpotential.
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Can gauge symmetry and supersymmetry be combined?

G: [T a, T b] = i fabcT c, fabc real.

L=− 1

4
Fµν

a F aµν

Fµν
a = ∂µAν

a− ∂νAµ
a + g fabcAµ

bAν
c

This clearly cannot be supersymmetric, since there is only one gauge boson. For every boson we
need a fermion.

Introduce a new field λα
a , Weyl fermion. α= 1, 2. a=1,� , dim(G). Gaugino.

L=− 1

4
Fµν

a F aµν − iλ†aσ̄ µDµλ
a

1) L is already interacting.

2) There are no other terms we can add.

[Aµ] = 1, [λ] =
3

2

mλ2 + complex conjugate allowed by gauge invariance and renormalisation, but not supersym-
metry.

δAµ
a =
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2
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a + complex conjugate

)

δλα
a =�Aµ
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Interlude: A transforms in a rather unpleasant way:

δΛAµ
a = ∂µΛa + g fabcAµ

b Λc

δΛFµν
a = g fabcFµν

b Λc

δΛλα
a = g fabcλα

b Λc
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δλα
a = (σµσ̄ νε)α

Fµν
a · i
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√

[δ, δ] = translation+ equation ofmotion

on shell.

δFµν = 0

E
a,Ba

trE
2 +B
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δFµν
a � 0⇒ not observable

Ei
a =Fi0

a

δ(Ei
aEi

a) =2δEi
a ·Ei

a =2 g fabcEi
bΛcEi

a = 0

The structure constants fabc totally antisymmetric, Ei
b and Ei

a commute.

DµF
µν = 0 — the equation is gauge invariant, even though DµF

µν is not.

δDF ∝DF =0

Off shell

Aµ
a , λa, Da

Da is auxiliary field. Da is real.

Loff =Lon +DaDa

Equation of motion: Da =0.

δΛD
a = g fabcDbΛc

δDa =
i

2
√ (

ε†σ̄ µDµλ
a−Dµλ

a†σ̄ µε
)

δλα
a =(σµσ̄ νε)

α
Fµν

a · i
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2
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a

This works in dimensions D= 3, 4, 6, 10.

To construct the most general N = 1, D= 4 supersymmetric gauge thery WZ+Gauge

φi← think of it as a column vector, i= 1,� , n.
δΛφi = igΛaT i

ajφj

Dµφ= (∂µ− i gAµ)φ

|∂µφ|2→|Dµφ|2
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We must “covariantise” the Wess-Zumino model:

L=− (Dµφ)
i

∗
(Dµφ)

i− i ψ σ̄Dµψ+F †F

δ
(

F †F
)

=
(

δF †
)

·F +F †δF

δF = i g T aΛa ·F

δF †− i gF row
vector

†
T aΛa

δ
(

F †F
)

=− i g� = 0

L=− (Dµφ)
i

∗
(Dµφ)

i− i ψ σ̄Dµψ+F †F − 1

2
ψiψj ∂2W

∂φi∂φj
+F

∂W

∂φ
+ complex conjugate

will be gauge invariant if and only if W itself is gauge invariant.

φ†φ is not allowed in W .

Albelian ≡U(1) gauge field φ1,� , φn with charges q1,� , qn
(∂µ + iqi eAµ)φi

A term φiφjφk will be allowed in W if and only if qi + qj + qk =0. Why?

δ(φiφjφk)= (qi + qj + qk)�
=0

φ3.

δεA, δελ, δεD as before, cnnot be changed.

δεφ= εψ, δεψ= i
(

σµε†
)

α
Dµφi + εαFi, δεF = i ε†σ̄ µDµψi + 2

√
g(T aφ)

i
ε†λa†

L WZ
Covariantised

∂µ→Dµ

W is gauge
invariant

+Lgague +L′

3.68

φ†T aψλa

λ†ψ†T aφ

Daφ†T aφ

Gauge, Lorentz, D= 4.

3


