
2009–05–06 Lecturer: Gabriele Ferretti

L= “ F 2 +(Dφ)
2
+ ψ̄Dψ+ ψ̄φψ+ φ2 + φ3 + φ4 ”

ψi, φi same mass!
Aµ
a , λα

a massless

Lgauge =−
1

4
(Fµν

a )
2− i λ̄

a
σ̄ µDµλ

a+ mλα
aλaα+ cc�

Gauge & Lorentz
Not susy

δλa∼ fabcλbαc

λaλb= +λbλa

If L is gauge invariant, supersymmetry invariant, but has solutions that break the symmetry,
then we have spontaneous symmetry breaking.

[δε1, δε2]φ= i
(

εi
†σµε2− ε2

†σµε1

)�
=some vector aµ

∂µφ

There is a unitary operator P̂
µ
:J →J . J : multiparticle states.

[

aµP̂µ, φ
]

= iaµ∂µφ= δaµφ

There is something called the super-charge Qα, which is an operator satisfying

[Qα, φ] = ψα,
[

Qα̇
†
, φ

]

=0
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(xµ, θα, θ̄
α̇): superspace.

{

Qα, Qα̇
†
}

= σαα̇
µ Pµ

Pµ=

∫

T0µd
3
x

δL= ∂µK
µ

The Hamiltonian H > 0. P0 =H . P0∼
{

Qα, Qα̇
†
}

σ̄ 0αα̇.

Spontaneous supersymmetry breaking

∃α=1,2 Qα|vac〉� 0 ⇔ Evac 	 0

Figure 1.
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has a minimum

∂

∂φi
V = 0 such thatV (φ0)> 0?

Only one φ, ψ, F , W (φ) = a+ bφ+ cφ2 + dφ3.

V = |W ′(φ)|2

W ′= b+ 2cφ+ 3dφ2 = 0 unless b� 0, c= d=0.

V = |b|2 = const� 0

Polony model.

Instead of looking at spontaneous supersymmetry breaking,

LMSSM(φMSSM)+Lextra(φMSSM, φextra)

If the extra fields are very heavy ≫TeV,

Leffective =LMSSM(φMSSM) +Lsoft(φMSSM),

where Lsoft breaks supersymmetry explicitly.

φ(x) =

∫

dk
(

ake
ikx+ ak

†e−ik·x
)

φ(x+ v)= φ(x) + vµ∂µφ(x)

φ(x+ v)=

∫

dk
(

ak eikx+ikv +� )

ak→ eikvak, ak
†→ e−ikvak

†

∏

p=0

∞
{

ak1
† � akp

† |0〉
}

vµPµ
(

ak1
† � akp

† |0〉
)�

|ψ〉

= vµ(k1µ+� + kpµ)|ψ〉

eivP |ψ〉→ e
ivµ(k1� kp)µ

eivPφ(x) e−ivP∼ i [vP , φ] = ivµ∂µφ
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Simple example WZ

W =
m

2
φ+

y

3
φ3 (m, y real), V = |W ′|2 =mφ∗φ+my

(

φφ∗2 + φ2φ∗
)

+ y2(φφ∗)
2

Figure 2.

LWZ + ξφψψ+ cc would break the cancellation of Λ2. This term is no good. Not soft.

LWZ + µ2φ∗φ soft

A term is soft if it has dimension < 4.

mλλ. Home there is a better theory at higher energies that generates it.

mφ
2φ∗φ+mλλ+m′2φ2 + complex conjugate+ φ3

SU(3) SU(2) U(1)

8 gluons W±, Z , γ

8 gluinos W̃
±
, Z̃ , γ
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Figure 3.

We will need at least two Higgs fields (H, H̃ )

L= (∂φ)
2
+ ψ̄σ∂φ−

1

2
ψψ

∂2W

∂φ∂φ
−

∣

∣

∣

∣

∂W

∂φ2

∣

∣

∣

∣

2�
V

Pick W (φ,� ). Superpotential W (Q̃ , ū̃ , d̄̃ , L̃ , ē̃ , H [howmany?]).

1) Holomorphic

2) Lorentz invariant (trivial)
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3) At most cubic

4) Gauge invariant
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