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ēR= eR
† γ0 =
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ψ†(1 + γ5)γ0 =

1
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ψ†γ0�
=ψ̄

(1− γ5)
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γ0, γ5
}

= 0; γ5 = i γ0γ1γ2γ3

m ēR eR=m
1

22
ψ̄ (1− γ5)(1+ γ5)ψ, and (1− γ5)(1+ γ5) =0. m ēR eR= 0.

mψ̄ψ=m(ēR eL+ ēL eR)

In order to make a Dirac mass you need a Dirac spinor. This is possible in ordinary Dirac
theory, but it is not allowed in the Standard Model, because of SU(2)

LL=

(

νL
eR

)

Let us remind ourselves the content of the Standard Model.

Figure 1.

LL
a Φa eR

δψ = i g τAψ where
[

τA, τB
]

= i fABC τC. fABC fixes the algebra. Define τ̃ A = − (τA)T (trans-

pose, not dagger — τA† = τA).
[

τ̃ A, τ̃ B
]

= i fABC τ̃ C

This is called a conjugate representation.
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Take another field, so that δψa = i g αA(x) τAa
b ψb and δχa = i g αA(x) τ̃ Ab

a χb. The fields with
index up transform in the one representation, the fields with index down transform in the other
representation.

δψχ= δ(ψaχ
a)= 0

L̄L
a

Φa eR

+
1

2
+

1

2
− 1 = 0

Figure 2. L, e, Φ

F 2 + ψ̄D + (Dφ)
2 + ψ̄φψ+ φ2 + φ4

“ψ̄φψ”=−λ(d)
ij
Q̄L

aiφa dR
j −λ(u)

ij
εab Q̄L

iaφ†buR
j

Yukawa coupling λ: 3× 3 matrix with no symmetry whatsoever. εab is ε11 = ε22 = 0, ε12 =− ε21 =
1.

φb→ gbc φ
c, Qa→ gab Q

d

εabφ
bQa→ εab g

b
c g

a
d�

=det(g)·εcd

φcQd

The determinant in SU(2) is one.

“ψ̄φψ”=−λ(d)
ij
Q̄L

aiφa dR
j −λ(u)

ij
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iaφ†buR
j −λc

ij
L̄L
iaφaeR

j
?
−λν

ij
εab L̄L

iaφ†bνR
j

“φ2 + φ4 ”=−V (φ)

φ→ g2×2 φ, φ
†→ γ†g†. φ†φ→ φ† g†g φ= φ†φ.

“φ2 + φ4 ”=−V (φ) = µ2 φ†φ−λ
(

φ†φ
)2

There are several minima. Choose φ0 =
1

2
√

(

0
v

)

, v real
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Figure 3.
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Wµ
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2
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1

g2 + g ′2
√

(
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3 − g ′Bµ
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Aµ=
1

g2 + g ′2
√
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g ′Aµ
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Z

A
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=
1

g2 + g ′2
√
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g − g ′

g ′ g
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A3

B

)

=

(

cos θW − sin θW
sin θW cos θW

)(

A3

B

)

Lgauge
mass

=
v2g2

4�
mW
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Wµ
+W µ−+

v2
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g2 + g ′ 2
)�
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mZ

2

ZµZ
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Dµ eR=(∂µ− i g ′ (− 1)Bµ) eR=

(

∂µ+ i
g ′

g2 + g ′2
√ (g ′Zµ+ gAµ)

)

eR

|e|= g g ′

g2 + g ′ 2
√ = g sin θW = g ′ cos θW
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2
√
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QL

Q= τ3 +Y
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eQ is the electric charge.

“ψ̄φ0ψ”=−λd
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i
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2
√
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2
√ v · d̄Li dR

j

Invariant under SU(3) and U(1)EM ⊂SU(2)×U(1).

QdL=− 1

2
+

1

6

QdR= 0− 1

3

L fermi
masses

=− v

2
√
(

λ(d)
ij
d̄L
i dR
i
)

+λ(u)
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ūL
i uR

i +λ(e)
ij
eL
2 eR

j + ?

Not the physical ones (yet). You have to diagonalise the quadratic part of the Lagrangian.
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