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1 本文

L = ψ̄(iγµ∂µ −m)ψ (1)

ψ(x) → ψ′(x) ≡ ψ(x+ ϵ) = ψ(x) + ϵν∂
νψ(x) ≡ ψ(x) + δPψ(x) (2)

δPL ≡ L (ψ(x) + δPψ(x), ∂µ{ψ(x) + δPψ(x)})− L (ψ(x), ∂µψ(x)) (3)

= L (ψ(x+ ϵ), ∂µψ(x+ ϵ))− L (ψ(x), ∂µψ(x)) (4)

= L (x+ ϵ)− L (x) = ϵν∂
νL (x) = ∂µ(ϵνη

µνL ) (5)

Nµ ≡ ∂L

∂(∂µψ)
δPψ − (ϵνη

µνL ) = ψ̄iγµ(ϵν∂
νψ)− (ϵνη

µνL ) (6)

N0 = ϵν(ψ
†γ0iγ0∂νψ − η0νL ) = ϵν(iψ

†∂νψ − η0νL ) (7)

P ν =

∫
d3x(iψ†∂νψ − η0νL ) (8)
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δJψ(x) ≡ ψ′(x)− ψ(x) (9)

= ψ′(x′ −∆ω · x)− ψ(x) (10)

= ψ′(x′)− (∆ωµ
νx

ν)∂′µψ
′(x′)− ψ(x) (11)

= (I4 −
i

4
∆ωβνσ

βν)ψ(x)− (∆ωµ
νx

ν)∂µψ(x)− ψ(x) (12)

= −(∆ωµ
νx

ν)∂µψ(x)−
i

4
∆ωβνσ

βνψ(x) (13)

δJL ≡ L (ψ(x) + δJψ(x))− L (ψ(x)) (14)

= L (x−∆ω · x)− L (x) (15)

= −(∆ωµ
νx

ν)∂µL (x) = ∂µ(−∆ωµ
νx

νL ) (16)

Nµ ≡ ∂L

∂(∂µψ)
δJψ − (−∆ωµ

νx
νL ) (17)

= ψ̄iγµ[−(∆ωα
νx

ν)∂αψ − i

4
∆ωβνσ

βνψ]− (−∆ωµ
νx

νL ) (18)

N0 = −ψ†γ0iγ0[(∆ωα
νx

ν)∂αψ − i

4
∆ωβνσ

βνψ] + (∆ω0
νx

νL ) (19)

= −iψ†[(∆ωα
νx

ν)∂αψ − i

4
∆ωβνσ

βνψ] + (∆ωα
νη0αx

νL ) (20)

= ∆ωα
νx

ν [−iψ†∂αψ + η0αL ]− 1

4
ψ†∆ωβνσ

βνψ (21)

= ∆ωβνη
βαxν [−iψ†∂αψ + η0αL ]− 1

4
ψ†∆ωβνσ

βνψ (22)

= ∆ωβνx
ν [−iψ†∂βψ + δ0βL ]− 1

4
ψ†∆ωβνσ

βνψ (23)

=
1

2
∆ωβν [−iψ†xν∂βψ + δ0βxνL + iψ†xβ∂νψ − δ0νxβL − 1

2
ψ†σβνψ] (24)

=
i

2
∆ωβν [ψ

†(xβ∂ν − xν∂β +
i

2
σβν)ψ − iδ0βxνL + iδ0νxβL ] (25)

J ij =

∫
d3xψ†[i(xi∂j − xj∂i) +

1

2
σij ]ψ (26)
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