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1 Basic definitions

ηµν = ηµν = diag(1,−1,−1,−1)

ϵαβ = ϵα̇β̇ =

0 −1

1 0

 , ϵαβ = ϵα̇β̇ =

 0 1

−1 0

 , ϵαβ = −ϵαβ , ϵα̇β̇ = −ϵα̇β̇

ψα ≡ ϵαβψβ , ψα ≡ ϵαβψ
β , χ̄α̇ ≡ ϵα̇β̇χ̄β̇ , χ̄α̇ ≡ ϵα̇β̇χ̄

β̇

ψχ ≡ ψαχα, ψ̄χ̄ ≡ ψ̄α̇χ̄
α̇

σµ
αα̇ = (I, σ1, σ2, σ3), (σ̄µ)αα̇ = (I,−σ1,−σ2,−σ3)

(σµν) β
α =

i

4
(σµσ̄ν − σν σ̄µ) β

α , (σ̄
µν)α̇

β̇
=
i

4
(σ̄µσν − σ̄νσµ)α̇

β̇

(ψα)
† = ψ̄α̇, (ψ

α)† = ψ̄α̇

(ψχ)† = χ̄ψ̄, (ψσµχ̄)† = χσµψ̄

θαθβ = −1

2
ϵαβ(θθ), θαθβ = +

1

2
ϵαβ(θθ), θ̄

α̇θ̄β̇ = +
1

2
ϵα̇β̇(θ̄θ̄), θ̄α̇θ̄β̇ = −1

2
ϵα̇β̇(θ̄θ̄)

2 Identities

σµσ̄ν + σν σ̄µ = 2ηµνI , σ̄µσν + σ̄νσµ = 2ηµνI

Tr(σµσ̄ν) = 2ηµν

σµ
αα̇(σ̄µ)

β̇β = 2δβαδ
β̇
α̇ , (σµ)αα̇(σµ)ββ̇ = 2ϵαβϵα̇β̇ , (σ̄µ)αα̇(σ̄µ)

ββ̇ = 2ϵαβϵα̇β̇

σµν =
1

2i
ϵµνρσσρσ , σ̄µν = − 1

2i
ϵµνρσσ̄ρσ

(θσµθ̄)(θσν θ̄) =
1

2
ηµν(θθ)(θ̄θ̄)

(θψ)(θχ) = −1

2
(θθ)(ψχ)

(θψ)(χ̄η̄) = −1

2
(θσµη̄)(χ̄σ̄µψ)

ψσµχ̄ = −χ̄σ̄µψ

ψσµσ̄νχ = χσν σ̄µψ
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3 Super-Poincare algebra for N = 1 SUSY

[Pµ, P ν ] = 0

[Mµν , Pσ] = i(Pµηνσ − P νηµσ)

[Mµν ,Mρσ] = i(Mµσηνρ +Mνρηµσ −Mµρηνσ −Mνσηµρ)

[Qα,M
µν ] = (σµν) β

α Qβ , [Q̄α̇,Mµν ] = (σ̄µν)α̇
β̇
Q̄β̇

[Qα, Pµ] = [Q̄α̇, Pµ] = 0

{Qα,Qβ} = {Q̄α̇, Q̄β̇} = 0

{Qα, Q̄α̇} = 2σµ
αα̇Pµ

[Qα, Ti] = 0

[Qα, R] = Qα, [Q̄α̇, R] = −Q̄α̇

4 Extended SUSY

{QA
α , Q̄β̇B} = 2σµ

αβ̇
Pµδ

A
B

{QA
α ,QB

β } = ϵαβZ
AB , {Q̄α̇A, Q̄β̇B} = ϵα̇β̇(Z

†)AB

5 General superfields

S(xµ, θα, θ̄
α̇) = φ+ θψ + θ̄χ̄+ (θθ)M + (θ̄θ̄)N + (θσν θ̄)Vν + (θθ)θ̄λ̄+ (θ̄θ̄)θρ+ (θθ)(θ̄θ̄)D

δS = i(ϵQ+ ϵ̄Q̄)S = i[S, ϵQ+ ϵ̄Q̄]

Qα = −i ∂

∂θα
− σµ

αα̇θ̄
α̇ ∂

∂xµ
, Q̄α̇ = i

∂

∂θ̄α̇
+ θασµ

αα̇

∂

∂xµ

Dα = ∂α + iσµ
αα̇θ̄

α̇∂µ, D̄α̇ = −∂̄α̇ − iθασµ
αα̇∂µ

{Dα, D̄α̇} = −2iσµ
αα̇∂µ, others zero

yµ = xµ + iθσµθ̄ =⇒ D̄α̇y
µ = 0

6 Chiral superfields

D̄α̇Φ = 0

Φ(y, θ) = φ(y) +
√
2θψ(y) + (θθ)F (y)

Φ(x, θ, θ̄) = φ+
√
2θψ + (θθ)F + i(θσµθ̄)∂µφ− i√

2
(θθ)∂µψσ

µθ̄ − 1

4
(θθ)(θ̄θ̄)∂µ∂

µψ
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7 Vector superfields

V (x, θ, θ̄) = V †(x, θ, θ̄)

V (x, θ, θ̄) = C + iθχ− iθ̄χ̄+
i

2
(θθ)(M + iN)− i

2
(θθ)(M − iN) + θσµθ̄Vµ

+ (θθ)θ̄
(
iλ̄− 1

2
σ̄µ∂µχ

)
+ (θ̄θ̄)θ

(
− iλ− 1

2
σµ∂µχ̄

)
+

1

2
(θθ)(θ̄θ̄)

(
D − 1

2
∂µ∂

µC
)

V 7→ V + i(Λ− Λ†), Φ 7→ e−2iqλΦ

VWZ(x, θ, θ̄) = (θσµθ̄)Vµ + i(θθ)θ̄λ̄− i(θ̄θ̄)θλ+
1

2
(θθ)(θ̄θ̄)D

Field strength:

Wα = −1

4
(D̄D̄)DαV = −iλα(y) + θαD(y) + (σµνθ)αFµν(y) + (θθ)σµ

αβ̇
∂µλ̄

β̇(y)

8 Lagrangian

L =
∑
i

Φ†
ie

2qiV Φi

∣∣∣
D
+
(
W (Φi)

∣∣∣
F
+ h.c.

)
+
(
f(Φi)(W

αWα)
∣∣∣
F
+ h.c.

)
+ ξV

∣∣∣
D

F-term scalar potential: V(F )(φ) =
∑
i

∣∣∣∂W
∂φi

∣∣∣2
D-term scalar potential: V(D)(φ) =

1

2

(ξ
2
+

∑
i

qi|φi|2
)2

9 Supersymmetry breaking

Qα|0⟩ ≠ 0, Q̄α̇|0⟩ ≠ 0

2∑
α=1

(QαQ†
α +Q†Qα) = 4E =⇒ broken SUSY if Evac > 0, unbroken SUSY if Evac = 0

F -term breaking: ⟨F ⟩ ≠ 0 =⇒ ⟨δφ⟩ = ⟨δF ⟩ = 0, ⟨δψ⟩ ≠ 0

VF =
∣∣∣∂W
∂φ

∣∣∣2 = |F |2 =⇒ VF > 0 for F-term breaking

O’Raifeartaigh model: K = Φ†
iΦi, W = gΦ1(Φ

2
3 −m2) +MΦ2Φ3

D-term breaking: ⟨D⟩ ≠ 0 =⇒ ⟨δλ⟩ = ϵ⟨D⟩ ≠ 0

Supertrace: StrM2 =
∑
j

(−1)2j+1(2j + 1)m2
j = 0

10 MSSM

vector superfield SU(3)C × SU(2)L × U(1)Y spin- 12 spin-1

G (8, 1, 0) gluino g̃ gluon g

W (1, 3, 0) wino w̃ W-boson Wµ

B (1, 1, 0) bino b̃ hypercharge boson Bµ
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chiral superfield SU(3)C × SU(2)L × U(1)Y spin-0 spin- 12

Qi =

uLi

dLi

 (3, 2, 16 ) squarks

ũLi

d̃Li

 quarks

uLi

dLi


Li=

νLi

eLi

 (1, 2,− 1
2 ) sleptons

ν̃Li

ẽLi

 leptons

νLi

eLi


ūiR (3̄, 1,− 2

3 ) anti-squark ũ∗iR anti-quark ūiR

d̄iR (3̄, 1, 13 ) anti-squark d̃∗iR anti-quark d̄iR

ēiR (1, 1, 1) slepton ẽ∗iR lepton ēiR

H1 =

H0
1

H−
1

 (1, 2,− 1
2 ) Higgs

H0
1

H−
1

 Higgsino

H̃0
1

H̃−
1


H2 =

H+
2

H0
2

 (1, 2, 12 ) Higgs

H+
2

H0
2

 Higgsino

H̃+
2

H̃0
2



WRP = (Yu)ijQiH2ūRj − (Yd)ijQiH1d̄Rj − (Ye)ijLiH1ēRj + µH1H2

W /RP =
1

2
λijkLiLj ēRk + λ′ijkLiQj d̄k + κiLiH2 +

1

2
λ′′ijkūRid̄Rj d̄Rk

R-parity: R = (−1)3(B−L)+2S
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