
§2. SUSY Breaking

attempt: spontaneous symmetry breaking

define: [H,Q] = 0, but Q|0〉, Q†|0〉 6= 0

algebra: {Qα, Q̄β} = 2 6IPLαβ

=⇒ H =
1

4

∑

α

[

QαQ
†
α +Q†αQα

]

〈0|H|0〉= 1

4

∑

α

[
‖ Q†α|0〉 ‖2 + ‖ Qα|0〉 ‖2

]
= 0 with SUSY

> 0 with  
 
 
 
 
  

SUSY

potential: V =
∑

i

|Fi|2 +
1

2

∑

a
|Da|2 ≥ 0

SUSY exact: Fi(Φ0) = 0 and Da(Φ0,Φ
∗
0) = 0

SUSY broken: D 6= 0 D–breaking

(Fayet mechanism)

F 6= 0 F–breaking

(O’Raifeartaigh)
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a) D–breaking:

chiral/antichiral field with U(1) gauge invariance:

L =
1

4

∫

d2Θ V 2
α + h.c.

+

∫

d4Θ
[

Φ∗+e
gVΦ+ + Φ∗−e

−gVΦ−
]

+ m
∫

d2ΘΦ+Φ−+ h.c. −2k
∫

d4ΘV

[SUSY and gauge invariant: V → V + χ+ χ†
︸ ︷︷ ︸

(anti)chiral

]

potential: Φ± ∼ φ±+ Θψ±+ Θ2F±
V ∼ ΘσµΘ̄Aµ+ iΘ2Θ̄λ̄+ h.c.+ Θ2Θ̄2D

Vpot = −
[
1

2
D2 + |F+|2 + |F−|2

]

− kD

− g

2
D
[

φ∗+φ+ − φ∗−φ−
]

− m
[

F ∗+φ
∗
+ + F ∗−φ

∗
−+ F+φ+ + F−φ−

]

Lagrange: D+
g

2

[

φ∗+φ+ − φ∗−φ−
]

+ k = 0

F±+mφ∗± = 0

Vpot =
1

2
k2 +

(

m2 +
kg

2

)

φ∗+φ+ +

(

m2 − kg
2

)

φ∗−φ−

+
g2

8

(

φ∗+φ+ − φ∗−φ−
)2

≥ 0 [−→ 〈0|H|0〉 ≥ 0]
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spontaneous symmetry breaking:

〈F±〉 = 0

〈D〉 = −k 6= 0: D–breaking

masses: m(ψ±) = m

m(φ±) =

√

m2 ± 1

2
kg

b) F–breaking:

superfield S: action =
∫

d4ΘS†S + f
∫

d2ΘS + h.c.

⇒W (S) = fS

→ FS = −
(

∂

∂φ
fφ

)∗
= −f∗ 6= 0: F–breaking

→ L = |∂µφ|2 + ψ̄Li6∂ψL − |f |2

• massless scalar + fermion

• plus constant energy density

V = |f |2 ← relevant with further coupling

−→ mass splitting in SUSY multiplets

57



FERRARA–GIRARDELLO–PALUMBO–mass formula

L = Lkin + LY − V :

LY = −1

2

∂2W

∂φi∂φj
ψ c
iL ψjL − i

√
2λ̄aψiLT

a
ijφ
∗
j + h.c.

V =

∣
∣
∣
∣
∣

∂W

∂φi

∣
∣
∣
∣
∣

2

+
1

2

(

φ∗iT
a
ijφj

)2
[g = 1]

1.) boson mass matrix:

LM0
= φi(M

2
0)ij∗φ

∗
j −→ (M2

0)ij∗ =
∂2V

∂φi∂φ
∗
j

M2
0ij∗ = W ′′ikW

∗′′
kj∗+ T aj∗i(φ

∗T aφ) + (T aφ)j∗(φ
∗T a)i

2.) fermion mass matrix:

ψL λ

√
2M1/2 =

ψL
λ

(

W ′′ij
√

2φ∗T a√
2T aφ 0

)

3.) gauge boson mass matrix:

M2
1ab =

(

φ∗T a, T bφ
) [

|Dµφ|2 → (φ∗gV µ)(gVµφ)
]

58



mass sum rule:

Tr

[

M2
0 − 2M2

1/2 + 3M2
1

]

= 0

∑

J

(−1)2J(2J + 1)TrM2
J = 0

valid with spontaneous symmetry breaking [F–break-

ing and D–breaking with anomaly freedom]

−→ at least one boson mass must be smaller than

the corresponding fermion mass: experimental con-

tradiction

possible solution: RHS 6= 0 via supergravitaty sec-

tor ∼ m2
3/2

−→ soft, i.e. renormalizable, SUSY breaking in Stan-

dard-Model sector [via explicit mass terms]
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SOFT SUSY BREAKING

Definition: SUSY breaking operators such that no

new quadratic divergences are generated

Realisation:

• spont. SUSY breaking in “hidden sector”

• mediated into eigenworld via gravity etc.

• apparent explicit SUSY breaking in eigenworld

Execution:

— gauge and gauge-related coupl. unchanged: 6Λ2

— SUSY masses 6= SM masses

— scalar couplings in superpotential modified

Lagrange density:

L = L[SUSY ] + L[       SUSY ]

L[       SUSY ] = −m2
f̃
|f̃ |2 + · · · sfermions, Higgs

− W2(φ)−W3(φ) superpotential

− 1

2
Miλ̄iλi gauginos
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