
Teoŕıa de Campos 2020 - Práctica

Bilineales de Dirac.
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Bilineales de Dirac

Formar escalares que transformen de manera covariante a partir de Ψ

Motivación:

• Obtención de un Lagrangiano

• Oberservables de la teoŕıa
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Bilineales de Dirac

Ψ ∈ C4

Primera idea: Ψ†Ψ

¿S(Λ) es unitaria?

S(Λ) = eωµνΣµν

unitaria ⇐⇒ Σµνhermitica

Σ0i = i
4

[
γ0, γ i

]
= − i

2

(
σi 0

0 −σi

)
¿herḿıtica? 7

¡No funciona!
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Bilineales de Dirac

¿Cómo transforma Ψ̄ = Ψ†γ0 ?

(γ0)2 = Id

γ0
(
Σij
)†
γ0 = γ0

(
Σij
)
γ0 = Σij

γ0
(
Σ0j
)†
γ0 = γ0

(
−Σ0j

)
γ0 = Σ0j

A B = Id, f anaĺıtica =⇒ A f (C ) B = f (A C B)

Ψ̄
boost−−−→ Ψ†S(Λ)†γ0

γ0S(Λ)†γ0 = γ0 exp (iωµνΣµν)† γ0 = γ0 exp
(
−iωµν (Σµν)†

)
γ0 =

S(Λ)−1
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A B = Id, f anaĺıtica =⇒ A f (C ) B = f (A C B)

Ψ̄
boost−−−→ Ψ†S(Λ)†γ0

γ0S(Λ)†γ0 = γ0 exp (iωµνΣµν)† γ0 = γ0 exp
(
−iωµν (Σµν)†

)
γ0 =

S(Λ)−1

5/34



Bilineales de Dirac

¿Cómo transforma Ψ̄ = Ψ†γ0 ?

(γ0)2 = Id

γ0
(
Σij
)†
γ0 = γ0

(
Σij
)
γ0 = Σij

γ0
(
Σ0j
)†
γ0 = γ0

(
−Σ0j

)
γ0 = Σ0j
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A B = Id, f anaĺıtica =⇒ A f (C ) B = f (A C B)

Ψ̄
boost−−−→ Ψ†S(Λ)†γ0

γ0S(Λ)†γ0 = γ0 exp (iωµνΣµν)† γ0 = γ0 exp
(
−iωµν (Σµν)†

)
γ0 =

S(Λ)−1

6/34



Bilineales de Dirac
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�
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Bilineales de Dirac

Ψ̄Ψ
boost−−−→ Ψ̄S(Λ)−1S(Λ)Ψ

Ψ̄γµΨ
boost−−−→ Ψ̄S(Λ)−1γµS(Λ)Ψ = Λµν Ψ̄γνΨ Vector

Ψ̄γµγ5Ψ
boost−−−→ Ψ̄S(Λ)−1γµγ5S(Λ)Ψ = Ψ̄S(Λ)−1γµS(Λ)γ5Ψ

Ψ̄γ[µγν]Ψ = 1
2 Ψ̄γµγνΨ− 1

2 Ψ̄γνγµΨ
boost−−−→ 1

2 Ψ̄S(Λ)−1γµγνS(Λ)Ψ− 1
2 Ψ̄S(Λ)−1γνγµS(Λ)Ψ
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Bilineales de Dirac

Ψ̄Ψ
boost−−−→ Ψ̄Ψ Escalar

Ψ̄γµΨ
boost−−−→ Λµν Ψ̄γνΨ Vector

Ψ̄γµγ5Ψ
boost−−−→ Λµν Ψ̄γνγ5Ψ Vector
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Bilineales de Dirac

Paridad: P(Ψ(x, t)) = SPΨ(−x, t), SP 6= exp(ωµνΣµν)

(iγµ∂µ −m)Ψ = 0
P−→

(iS−1
P γ0SP∂0Ψ + iS−1

P (−γj)SP∂jΨ−mΨ)(−x, t) = 0

S−1
P γ0SP = γ0, S−1

P (−γj)SP = γj

SP = γ0
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Bilineales de Dirac

γ5SP = iγ0γ1γ2γ3SP

Pseudo-escalar/vector: Transforma como un escalar/vector ante SO(3, 1)

y saca un (−1) ante paridad

Ψ̄γ5Ψ pseudo-escalar

Ψ̄γµγ5Ψ pseudo-vector
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Bilineales de Dirac

γ5SP = (−1)3iSPγ
0γ1γ2γ3

Pseudo-escalar/vector: Transforma como un escalar/vector ante SO(3, 1)
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�� ��γ5SP = (−1)SPγ
5
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Bilineales de Dirac

Bilineales de Dirac: Ψ̄ΓΨ, Γ una matriz de 4× 4

Ψ̄Ψ Escalar

Ψ̄γµΨ Vector

Ψ̄γ[µγν]Ψ Tensor de orden 2

Ψ̄γ[µγνγρ]Ψ Tensor de orden 3

Ψ̄γ[µγνγργσ]Ψ Tensor de orden 4

Ψ̄γ5Ψ pseudo-escalar

Ψ̄γµγ5Ψ pseudo-vector
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