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= xν
ν�
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+ �µ

= ∼xµ

x
σÖ
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= σ
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�τ

τÍ = σ
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Í

µσ
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x
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ντÎ
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ν

x
∂ν σÖ
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Poincare invariance
∼xL∼

Í:
∼
Î
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xLÍ:Î

µσ

∼
Î − σµ

∼
Î = µ
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σ

−1

�%
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�λ

µ

−1

�%
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−1

�%

λ%Î− σ

−1

�%

µ

−1

�λ

ζλÎ = µ

−1

�λ

σ

−1

�%

λ%Î− ζλÎ
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LHS = µσ

∼
Î− σµ

∼
Î

X Z

ηµν ηστ
ντ

∼
Î− τν

∼
Î

X Z

= µ

−1

�λ

σ

−1

�%

λ%Î− ζλÎ
Y [

ηµν ηστ
ν

−1

�κ
τ

−1

�ϑ
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µ
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�λ
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�κ
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ηστ

τ

−1

�ϑ
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κϑÎ− ϑκÎ
Y [

= λ%Î− ζλÎ
Y [

ηλκ ηζϑ
κϑÎ− ϑκÎ
Y [

= RHS

{x� = x
x

σÖ
Y[Í

= σÍ+
x
σ−
ÕxÕ−1

= σ

∼
Í

µσ

∼
Î =

x
µ

−1

−
�ν x

∂ν σÖ
Y [Í

+
x

σÖ∂τ

Y [Í
ντÎ

X Z

= µσÎ +
x
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xÕ−1 − x
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Õ xÕ−1 x

µ−
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x
∂ν σÖ
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=
x

ν
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ÕÕ−1

=
x

νσ=Õ
xÕ−1

+
x
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Õ

x

ν
Õ−1

=
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σ−
Õ xÕ−1 x
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∂ σÖ
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τ
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τ
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ν x

νσ=Õ
xÕ−1 − x
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ÕxÕ−1 x
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+ νσÎ
X Z

= RHS



gauge invariance
∼xL∼

Í:
∼
Î

=
xLÍ:Î

µσ

∼
Î − σµ

∼
Î = µσÎ+

x
µσ=Õ

xÕ−1 − x
σ−
ÕxÕ−1 x

µ−
ÕxÕ−1

X Z

− σµÎ+
x

σµ=Õ
xÕ−1 − x

µ−
ÕxÕ−1 x

σ−
ÕxÕ−1

X Z

= µσÎ − σµÎ

LHS = µσ

∼
Î− σµ

∼
Î

X Z

ηµν ηστ
ντ

∼
Î− τν

∼
Î

X Z

= µσÎ− σµÎ
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