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The neutral Higgs field which
breaks the EW symmetry.

(H±, H0† are eaten by W±, Z0)

The field content of the Standard Model (SM)
by M.B.Kocic – Version 1.04 (2016-01-21) – FK8017 HT15 The SM Lagrangian = Sum of the kinetic terms

+ the Higgs potential
+ the Yukawa interaction terms

Vector bosons Field Adj.repr. Charge Kinetic term Covariant derivative Field tensor

The SU(n) generatorsU(1)Y B (γ) Bµ, (Bµ = B†µ) 1,1, 0 Weak hypercharge, Y −1
4BµνB

µν Dµ = ∂µ + ... + Y ig′Bµ Bµν ≡ 2∂[µBν]

SU(2)L
W±,

W 3 (Z0)

W i
µ, i = 1, 2, 3

(W i
µ = W † iµ )

1,3, 0 Weak isospin, T 3
−1

4W
i
µνW

i µν =

−1
2 Tr(WµνW

µν)

Dµ = ∂µ + ... + igWµ

[Dµ, Dν ] = ... + igWµν

Wµν ≡ 2∂[µWν] + ig[Wµ,Wν ]

W i
µν = 2∂[µW

i
ν] − gε

ijkW j
µW k

ν

Wµ ≡ W i
µt
i

Wµν ≡ W i
µνt

i
SU(2) ti ≡ 1

2τ
i

[ti, ti] = iεijk tk

Tr(titj) = 1
2δ
ij

SU(3)C g
Gaµ, a = 1, ..., 8

(Gaµ = G† aµ )
8,1, 0 Color

−1
4G

a
µνG

aµν =

−1
2 Tr(GµνG

µν)

Dµ = ∂µ + ... + igsGµ

[Dµ, Dν ] = ... + igsGµν

Gµν = 2∂[µGν] + igs[Gµ,Gν ]

Gaµν = 2∂[µG
a
ν] − gsf

abcGbµG
c
ν

Gµ ≡ GaµT
a

Gµν ≡ GaµνT
a

SU(3) T a ≡ 1
2λ

a
[T a, T b] = ifabc T c

Tr(T aT b) = 1
2δ
ab

Fermions Field Repr. Q = T 3 + Y Kinetic term Covariant derivative

Q
u
ar
k
s

L
ep

to
n
s

uL, (cL, tL)

dL, (sL, bL)

ΨQ =

(
ΨL
u

ΨL
d

)
, Ψ†Q ,

ΨL
u = PLΨu, ...

3,2,+1
6

+2/3 +1/2 +1/6

−1/3 −1/2 +1/6

ΨQ iγµDµ ΨQ DµΨQ =
(
∂µ + igsGµ + igWµ + 1

6 ig′Bµ
)
ΨQ

uR, (cR, tR) ΨR
u = PRΨu, ΨR†

u
3,1,+2

3 +2/3 0 +2/3 ΨR
u iγµDµ ΨR

u DµΨR
u =

(
∂µ + igsGµ +

HHHH
igWµ + 2

3 ig′Bµ
)
ΨR
u

dR, (sR, bR) ΨR
d = PRΨd, ΨR†

d
3,1,−1

3 −1/3 0 −1/3 ΨR
d iγµDµ ΨR

d
DµΨR

d =
(
∂µ + igsGµ +

HH
HH

igWµ − 1
3 ig′Bµ

)
ΨR
d

ūL = (uR)C, ... ΨL
ū = PLΨū, ΨL†

ū
3,1,−2

3 −2/3 0 −2/3 ΨL
ū iγµDµ ΨL

ū
DµΨL

ū =
(
∂µ − igsG

∗
µ −

HHHH
igW ∗

µ + 2
3 ig′Bµ

)
ΨL
ū

d̄L = (dR)C, ... ΨL

d̄ = PLΨd̄, ΨL†
d̄

3,1,+1
3 +1/3 0 +1/3 ΨL

d̄
iγµDµ ΨL

d̄
DµΨL

d̄
=
(
∂µ − igsG

∗
µ −

HH
HH

igW ∗
µ − 1

3 ig′Bµ
)
ΨL

d̄

νeL, (νµL, ντL)

eL, (µL, τL)

ΨL =

(
ΨL
νe

ΨL
e

)
, Ψ†L ,

ΨL
νe = PLΨνe , ...

1,2,−1
2

0 +1/2 −1/2

−1 −1/2 −1/2

ΨL iγµDµ ΨL DµΨL =
(
∂µ +

HH
HH

igsGµ + igWµ − 1
2 ig′Bµ

)
ΨL

νeR, (νµR, ντR) ΨR
νe = PRΨνe , ΨR†

νe
1,1, 0 0 0 0 ΨR

νe iγµDµ ΨR
νe DµΨL

νe =
(
∂µ +

hhhhhhhhhhhhh
igsGµ + igWµ + ig′Y Bµ

)
ΨL
νe

eR, (µR, τR) ΨR
e = PRΨe, ΨR†

e
1,1,−1 −1 0 −1 ΨR

e iγµDµ ΨR
e DµΨR

e =
(
∂µ +

XXXXXXXX
igsGµ + igWµ − ig′Bµ

)
ΨR
e

ν̄eL = (νeR)C, ... ΨL
ν̄e = PLΨν̄e , ΨL†

ν̄e
1,1, 0 0 0 0 ΨL

ν̄e iγµDµ ΨL
ν̄e

DµΨL
ν̄e =

(
∂µ −

hhhhhhhhhhhhh
igsG

∗
µ − igW ∗

µ + ig′Y Bµ
)
ΨL
ν̄e

ēL = (eR)C, ... ΨL
ē = PLΨē, ΨL†

ē
1,1,+1 +1 0 +1 ΨL

ē iγµDµ ΨL
ē

DµΨL
ē =

(
∂µ −

XXXXXXXX
igsG

∗
µ − igW ∗

µ + ig′Bµ
)
ΨL
ē

Scalar boson Field Repr. Q T 3 Y Kinetic term Covariant derivative

H
ig
g
s H+, H−

H0, H0†

Φ =

(
H+

H0

)
, Φ†,

Φ† =
(
H− H0†) 1,2,+1

2

+1 +1/2 +1/2

0 −1/2 +1/2

(DµΦ)†DµΦ
DµΦ =

(
∂µ +

HHHH
igsGµ + igWµ + 1

2 ig′Bµ
)
Φ

(DµΦ)∗ =
(
∂µ −

H
HHH

igsG
∗
µ − igW ∗

µ − 1
2 ig′Bµ

)
Φ∗

The representation of Φ̃ is (1,2,− 1
2 ).

The interaction terms

The interactions between the gauge bosons and the other fields

(fermions and Higgs) all arise from the gauge covariant deriva-

tives. The self-interactions of the nonabelian gauge bosons are

all contained in their kinetic terms. The interactions between

the fermions and the Higgs field are all given by Yukawa terms

(on SSB, these terms generate the fermion masses).

The Yukawa interaction terms

−
{
yIJd

(
ΨL
QI

Φ
)

ΨR
dJ

+ yIJu
(
ΨL
QI

Φ̃
)

ΨR
uJ

+ yIJ`
(
ΨL
LI

Φ
)

ΨR
`J

+ yIJν
(
ΨL
LI

Φ̃
)

ΨR
νJ

+ h.c.
}
,

where Φ̃ ≡ (−iτ2)TΦ∗, (Note: Φd = Φ, Φu = Φ̃)
and the indices I, J = 1, 2, 3 run over generations

The Higgs potential

LH = −µ2Φ†Φ − λ(Φ†Φ)2

Chirality
projection:

Dirac
conjugate:

Charge
conjugate:

T transpose, ∗ complex conjugate, † hermitian conjugate

α, β, ... L-type 2-component spinor indices (dotted = R-type)

The electroweak charges

Ψ ≡
(
χα
ψ̄α̇

)
, ΨL ≡ PLΨ =

(
χα
0

)
, ΨR ≡ PRΨ =

(
0
ψ̄α̇

)

Ψ ≡ Ψ†β , β ≡
(

0 δαβ

δα̇
β̇ 0

)
,

Ψ†=
(
χ̄α̇ ψα

)
Ψ =

(
ψα χ̄α̇

)
ΨC ≡ C0Ψ∗ , C0 ≡

(
0 εαβ

εα̇β̇ 0

)
, ΨC =

(
ψα
χ̄α̇

)
(DµΨ)C = C0(DµΨ)∗ = D∗µΨC

Trading R-chiral for
the charge conjugated
L-chiral fields:

Ψū = (Ψu)C =

(
ψα
χ̄α̇

)
,

ΨL
ū = PLΨū =

= PL(Ψu)C =

(
ψα
0

)
,

(ΨR
u)C =

(
ψα
0

)
=⇒

ΨL
ū = (ΨR

u)C,

i.e. ūL = (uR)C

(
W+
µ

W−µ

)
=

1√
2

(
1 −i

i 1

)(
W 1
µ

W 2
µ

)
,

(
Zµ

Aµ

)
=

(
cos θW − sin θW

sin θW cos θW

)(
W 3
µ

Bµ

)

The Weinberg angle: tan θW ≡
g′

g
, e = g′ cos θW = g sin θW,

sin θW ≡ g′√
g2+g′2

, cos θW ≡ g√
g2+g′2

For SSB: µ2 < 0 and λ > 0

vev:
〈
Φ†Φ

〉
min

=
v2

2
, v =

√
−µ2

λ
> 0,

unitary g.: Φ = 1√
2

(
0

v + σ(x)

)
, Φ0 = 1√

2

(
0
v

)


