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The Glashow - Weinberg - Salam theory

The Electromagnetic interaction in QED[1] is

−iejemµ Aµ = −ie(ψγµQψ)Aµ (1)

The Lagrangian of QED[1]:

L = ψ(iγµ∂µ −m)ψ − eψγµQψAµ −
1

4
F µνFµν (2)

Two basic Weak interactions[1]

−igJµWµ = −igϕLγµT.W
µϕL (3)

−i g
′

2
jYµ Bµ = −ig ′ψγµ

Y

2
ψBµ (4)

We introduce Aµ and Zµ are the neutral gauge fields have the form

Aµ = Bµ cos θW + W 3
µ sin θW (5)

Zµ = −Bµ sin θW + W 3
µ cos θW (6)
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The Glashow - Weinberg - Salam theory

We take together two interactions (3) and (4)
The Electroweak interaction is

−igJµWµ − i
g ′

2
jYµ Bµ (7)

We have the Electroweak neutral current interaction

−igJ3
µ(W 3)µ − i

g ′

2
jYµ Bµ

=− i

(
gJ3

µ sin θW +
g ′

2
jYµ cos θW

)
Aµ

− i

(
gJ3

µ cos θW +
g ′

2
jYµ sin θW

)
Zµ

= −iejemµ Aµ − ie

sin θW cos θW

(
J3
µ − sin2 θW jemµ

)
Zµ (8)
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The Glashow - Weinberg - Salam theory

The requirement of the Electroweak Lagrangian is it must have an
SU(2)× U(1) invariant form. For instance, the Lagrangian of the
electron-neutrino pair:

L = ϕLγµ

[
i∂µ − g

1

2
τWµ − g ′(−1

2
)Bµ

]
ϕL

+ eRγµ [i∂µ − g ′(−1)Bµ] eR −
1

4
WµνW

µν − 1

4
BµνBµν (9)

Wµν = ∂µWν − ∂νWµ − gWµ ×Wν (10)

Bµν = ∂µBν − ∂νBµ (11)
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The Glashow - Weinberg - Salam theory

We introduce the Lagrangian for the scalar fields (Higgs fields) φ that
is SU(2)× U(1) invariant to add to the Lagrangian (9)

L′ =

∣∣∣∣(i∂µ − gT.Wµ − g ′
Y

2
Bµ

)
φ

∣∣∣∣2 − V (φ) (12)

where

V (φ) = α2φ†φ + λ
(
φ†φ
)2

(13)

φ =

(
φ+

φ0

)
with φ+ =

1√
2

(φ1 + iφ2) and φ0 =
1√
2

(φ3 + iφ4) (14)

N.H.D. Thanh (HUS) A review of Electroweak interaction February 2018 6 / 16



The Glashow - Weinberg - Salam theory
The mass of the charged bosons

We get the vacuum expectation value

φ0 =
1√
2

(
0
ρ

)
with T =

1

2
,T 3 = −1

2
,Y = 1 (15)

where −α2/λ = ρ2

Substituting (15) into the Lagrangian (12) we have the term∣∣∣∣(i∂µ − g

2
τ.Wµ −

g ′

2
Bµ

)
φ

∣∣∣∣2
=

1

4
(gρ)2W+

µ W−µ +
1

8
ρ2
[
g 2
(
W 3

µ

)2 − 2gg ′W 3
µB

µ + g ′2B2
µ

]
(16)

We have

MW =
1

2
gρ (17)
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The Glashow - Weinberg - Salam theory
The mass of the neutral bosons

Consider the term

N =
1

8
ρ2
[
g 2
(
W 3

µ

)2 − 2gg ′W 3
µB

µ + g ′2B2
µ

]
=

1

8
ρ2
(
gW 3

µ − g ′Bµ

)2
+ 0

(
gW 3

µ + g ′Bµ

)2
=

1

8
ρ2
(

g

cos θW

)2

Z 2
µ + 0A2

µ (18)

Hence

MA = 0,MZ =
1

2

gρ

cos θW
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The Glashow - Weinberg - Salam theory
The mass of electron

L1 = −Ge

[
(νe , e)L

(
φ+

φ0

)
eR + eR

(
φ−, φ0

)(νe
e

)
L

]
(19)

After spontaneously breaking the symmetry, we choose

φ =
1√
2

(
0

ρ + h(x)

)

L1 = − Ge√
2
ρ (eLeR + eReL)− Ge√

2
(eLeRh + eReLh) (20)

Then

Me =
Geρ√

2
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The Glashow - Weinberg - Salam theory
The mass of quarks

We include the quark Lagrangian

L2 = −G ij
d

(
ui , d ′i

)
L

(
φ+

φ0

)
djR−G ij

u

(
ui , d ′i

)
L

(
−φ0

φ−

)
ujR +h.c (21)

where i , j = 1, 2, ..., n and n is the number of quark doublets

d ′i =
∑
j

Uijdj (22)

with U is the CKM matrix.

L2 = −M i
dd idi

(
1 +

h

ρ

)
−M i

uuiui

(
1 +

h

ρ

)
(23)

The masses depend on the couplings Gd and Gu.
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The Glashow - Weinberg - Salam theory

The complete Lagrangian in the Glashow - Weinberg - Salam theory:

L =− 1

4
WµνW

µν − 1

4
BµνBµν + Lγµ

[
i∂µ − g

1

2
τWµ − g ′

Y

2
Bµ

]
L

+ Rγµ

[
i∂µ − g ′

Y

2
Bµ

]
R +

∣∣∣∣(i∂µ − g
1

2
τWµ − g ′

Y

2
Bµ

)
φ

∣∣∣∣2
− V (φ)− G1LφR + G2LφcR + hermitian conjugate (24)
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The Neutrino

The masses of Neutrinos are zero

The left-handed Neutrinos are operative only
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The Neutrino

(
νe
νµ

)
=

(
cos θ sin θ
− sin θ cos θ

)(
ν1
ν2

)
(25)

We have νeνµ
ντ

 = V

ν1ν2
ν3

 (26)

For example, the oscillation between νe and νµ[2]. The states ν1 and
ν2 at the time t > 0 is given by

ν1(t) = e−iE1tν1(0), ν2(t) = e−iE2tν2(0) (27)

where E 2
i = −→p 2 + m2

i , i = 1, 2 and since mi � |pi |, then |pi | ≈ E
and Ei ≈ E + m2

i /2E
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The Neutrino

νe(t) =
(
e−iE1t cos2 θ + e−iE2t sin2 θ

)
νe(0)

+ cos θ sin θ
(
e−iE2t − e−iE1t

)
νµ(0) (28)

νµ(t) =
(
e−iE1t sin2 θ + e−iE2t cos2 θ

)
νµ(0)

+ sin θ cos θ
(
e−iE2t − e−iE1t

)
νe(0) (29)

The probability for νµ at t = 0 remains νµ at t > 0 is

P1 = |〈νµ(t)|νµ(0)〉|2 = 1− 1

2
sin2 2θ+

1

2
sin2 2θ cos

(
∆m2

21

2E
t

)
(30)

where ∆m2
21 = m2

2 −m2
1.

The probability for νµ at t = 0 to be converted into νe at t > 0 is

P2 = |〈νe(t)|νµ(0)〉|2 =
1

2
sin2 2θ − 1

2
sin2 2θ cos

(
∆m2

21

2E
t

)
(31)
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The Neutrino

The conditions for oscillations are θ and ∆m2
21 have nonzero values,

the traveling distance L of the Neutrinos must not be too different
from the oscillation length L0

L0 =
4πE

|∆m2
21|

(32)
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