
Physics Beyond the Standard Model

Exercise sheet 6 - Solutions

Exercise 1: Wess-Zumino model

∫

Φ†Φd2θd2θ̄ = (∂µϕ
∗)(∂µϕ)− i

2
(ψ̄σ̃µ∂µψ + ψσµ∂µψ̄) + F ∗F

Φ2 = ϕ2 + 2
√
2ϕ(θψ) + (θθ)(2ϕF − ψψ)

Φ3 = ϕ3 + 3
√
2ϕ2(θψ) + 3(θθ)(ϕ2F − ϕψψ)

∫

W (Φ)d2θ = F

(

mϕ+
λ

2
ϕ2

)

−
(

m

2
+
λ

2
ϕ

)

ψψ

∫

W (Φ†)d2θ̄ = F ∗

(

mϕ∗ +
λ

2
ϕ∗2

)

−
(

m

2
+
λ

2
ϕ∗

)

ψ̄ψ̄

=⇒

L = (∂µϕ
∗)(∂µϕ)− i

2
(ψ̄σ̃µ∂µψ + ψσµ∂µψ̄)

+
m

2
(ψψ + ψ̄ψ̄) +

λ

2
(ϕψψ + ϕ∗ψ̄ψ̄)

+F ∗F − (mϕ+
λ

2
ϕ2)F − (mϕ∗ +

λ

2
ϕ∗2)F ∗

We eliminate the auxiliary fields using the Euler-Lagrange equation:

∂L
∂F ∗

− ∂µ
∂L

∂(∂µF ∗)
!
= 0 =

∂L
∂F ∗

= F −mϕ∗ − λ

2
ϕ∗2

∂L
∂F

− ∂µ
∂L

∂(∂µF )
!
= 0 =

∂L
∂F

= F ∗ −mϕ− λ

2
ϕ2

⇒ F = mϕ∗ +
λ

2
ϕ∗2 & F ∗ = mϕ +

λ

2
ϕ2

The equations of motion of both auxiliary fields do not contain derivatives. Therefore,
they don’t describe propagation in space-time and have no physical meaning. By using
the Euler-Lagrange equation one can therefore eliminate auxiliary fields and obtain a
Langrangian independent of F and F ∗:

L = (∂µϕ
∗)(∂µϕ)−m2|ϕ|2

− i

2
(ψ̄σ̃µ∂µψ + ψσµ∂µψ̄) +

m

2
(ψψ + ψ̄ψ̄)

+
λ

2
(ϕψψ + ϕ∗ψ̄ψ̄)−m

λ

2
|ϕ|2(ϕ+ ϕ∗)− λ2

4
|ϕ|4
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1st line: kinetic term of the bosonic field ϕ (= slepton,squark) of mass m
2nd line: kinetic term of the sermonic field ψ (= lepton,quark) of mass m
3rd line: Yukawa interaction and self-interaction of the bosonic field.
The masses of the particles and super particles are identical. Furthermore, the couplings
of the Yukawa interaction and self-interaction of the scalars are universal. There is no
relation between these couplings in the SM.
The SUSY transformation of the bosonic and fermionic fields is:

δϕ =
√
2εψ

δψ = i
√
2σµε̄∂µϕ+

√
2εmϕ∗ +

√
2ε
λ

2
ϕ∗2

Exercise 2: Radiative symmetry breaking

∂
−→
M

∂t
=

αt

π
A
−→
M with t ≡ log

( Q2

M2
GUT

)

& A ≡





3 3 3
2 2 2
1 1 1





−→
M =





M2
Hu

M2

t̃R

M2

t̃L



 &
−→
M 0 =M2

0





1
1
1





Solution :
−→
M = exp

(αt

π
At

)−→
M0 =

∞
∑

n=0

(αt

π
t
)n An

n!

−→
M 0

A2 = 6A =⇒ An = 6n−1A

=⇒ −→
M =

[

1I +
∑

n≥1

(αt

π
t
)n An

n!

]−→
M 0 =

{

1I +
1

6

[

exp

(

6αt

π
t

)

− 1

]

A

}−→
M 0

with A
−→
M0 = 3M2

0





3
2
1





M2

Hu
=

{

1 +
9

6

[

exp

(

6αt

π
t

)

− 1

]}

M2

0
=

1

2

[

3 exp

(

6αt

π
t

)

− 1

]

M2

0

M2

Hu
< 0 ⇔ 3 exp

(

6αt

π
t

)

− 1 < 0 for t(Q2 =M2

Z) = log

(

M2
Z

M2

GUT

)

⇔ 6GFm
2
t√

2π2
log

(

M2
GUT

M2

Z

)

> log 3

⇔ m2

t >

√
2π2

6GF

log 3

log
(

M2

GUT

M2

Z

) ≈ 3400 GeV 2 ⇒ mt > 58.3 GeV
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Spontaneous symmetry breaking occurs naturally for large top masses.

M2

t̃R
=

{

1 +
6

6

[

exp

(

6αt

π
t

)

− 1

]}

M2

0
= exp

(

6αt

π
t

)

M2

0
> 0

M2

t̃L
=

{

1 +
1

2

[

exp

(

6αt

π
t

)

− 1

]}

M2

0 =
1

2

[

exp

(

6αt

π
t

)

+ 1

]

M2

0 > 0

The stop masses are positive ∀t.
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