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γL� ( Di r ac h: )

γ0 =

(

1 0
0 −1

)

γi =

(

0 σi

−σi 0

)

γ5 =

(

0 1
1 0

)

1− γ5 =

(

1 −1
−1 1

)

σ1 =

(

0 1
1 0

)

σ2 =

(

0 −i
i 0

)

σ3 =

(

1 0
0 −1

)

{γµ, γν}= 2 gµν gµν =

(

1
−1

)

gµνg
µν = 4

γ5≡ i γ0γ1γ2γ3 (γ5)2 = 1 {γ5, γµ}= 0 (1± γ5)2 = 2 (1± γ5)

γ0† = γ0 γi†=−γi γ5†= γ5 γµ†= γ0γµγ0

γµγ
µ = 4 γµaγ

µ =−2a γµab γ
µ = 4a · b γµab cγ

µ =−2cb a

PL≡ 1

2
(1− γ5) PR≡ 1

2
(1+ γ5) PL +PR = 1 PL

2 =PL PR
2 =PR

γ5PL =−PL γ5PR =PR γµPL =PRγ
µ γµPR =PLγ

µ

σµν ≡ i

2
[γµ, γν] =

i

2
(γµγν − γνγµ)Di r ac s p i no r�P us(p)=N





φs
σ · p
E+m

φs



 Í�P vs(p)=N





σ · p
E+m

χs

χs



 N = E+m
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φ↑=

(

1
0

)

φ↓=

(

0
1

)

χ↑=

(

0
1

)

χ↓=

(

−1
0

)

ψ̄ ≡ ψ†γ0 (ψ̄ )† = γ0ψ

us
†
ur = vs

†
vr = 2Eδsr ūsur =−v̄svr = 2mδsr ūsvr =0

∑

s=↑↓

us(p)ūs(p)= p+m
∑

s=↑↓

vs(p)v̄s(p) = p−m

(p−m)u= 0 (p+m)v=0 ū (p−m) =0 v̄ (p+m)= 0Char ge c onj ugat i o n
C = iγ2γ0 =

(

0 −iσ2

−iσ2 0

)

C =C∗=−C−1 =−CT =−C†

ψC =Cψ̄ T = iγ2ψ∗ ψ̄ C =−ψTC−1 =−iψ̄ ∗
γ2Mat r i x El e me nt ��

|ψ̄f (Γ) ψi|2 = ψ̄f (Γ )ψi ψ̄i (γ
0 Γ† γ0 )ψf =Tr[(Γ )ψi ψ̄i (γ

0 Γ† γ0 )ψfψ̄f ]

ψf ,i : Di r ac s p i no r Γ : γL� X = (xi), Y = (yi) �XTY =Tr[YXT ]

γ0(1− γ5)†γ0 = 1+ γ5 γ0[γµ(1− γ5)]†γ0 = γµ(1− γ5)1



γL�nÈ ì ü¹��l�
Tr[γµγν] = 4gµν

Tr[ABC] =Tr[BCA] Tr[S−1AS] =TrA Tr1=4

Tr[γµγνγργσ] = 4[gµνgρσ + gµσgνρ − gµρgνσ]

Tr[γ5γµγνγργσ] = 4i εµνρσ

Tr[γ1γ2� γ2n+1] = 0

Tr[γ5] =Tr[γ5γµ] =Tr[γ5γµγν] =Tr[γ5γµγνγρ] = 0

εµνρσεµν
γδ=−2(gργgσδ − gρδgσγ)

γµγνγρ = gµνγρ − gµργν + gνργµ + iγ5εµνρσγσí üì ó Ä
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