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{ α, β} = {¯ α̇, ¯ β̇} = , [ , α] = [ , ¯ α̇] = ,

[ ν , α] = − (σ ν) β
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− ∂
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∫
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( → + −) =
√

δ + √ δ ,

( → ) = −√ δ +

√
δ .

η � ε− ε′, η+− � ε+ ε′,

ε′≡ √
( )

(δ −δ ), ε≡ 〈 , |H | 〉
〈 , |H | 〉 = ε̄+

( )

( )
� ( )√ / ,



′

′

Φ
( )′∣∣ 〈 〉∣∣ +

∑∣∣ 〈Φ 〉∣∣ = +
∑

+ − ,

≡
⎛⎝ − − ′

− ′

− ′ ′ ′

⎞⎠ , ≡
⎛⎝

ˆ ′

⎞⎠ ,

≡
∑
=

, ≡
∑
=

Φ , ≡
∑
=

Φ +
∑
=

,

Φ ( )′

( )′

( , , ˆ′ ) ( , , ′ )
′

( , ˆ , ˆ′ )

⎛⎝
ˆ ′

⎞⎠ =

⎛⎝ −
⎞⎠⎛⎝ˆ

ˆ ′

⎞⎠ ,

⎛⎝
′

⎞⎠ =

⎛⎝ −
⎞⎠⎛⎝ˆ

ˆ ′

⎞⎠ ,

=
(

ˆ ˆ ′
)⎛⎝ ( + ) − ′√ +

− ′√ + ′

⎞⎠⎛⎝ˆ

ˆ ′

⎞⎠
≡
(

ˆ ˆ ′
)⎛⎝ ˆ δ ˆ ′

δ ˆ ′ ˆ ′

⎞⎠⎛⎝ˆ

ˆ ′

⎞⎠ .



=
( ′)⎛⎝

′

⎞⎠⎛⎝
′

⎞⎠ ,

′

(′) =

(
ˆ + ˆ ′ ∓

√
( ˆ − ˆ ′) + δ ˆ ′

)
,

tan( θ ) =
δ ˆ ′

ˆ ′ − ˆ
,

ˆ ˆ ′ δ ˆ ′ ( )′

ν( , , ) ≡
∫

( · + · − · ) 〈 | { ( ) ν( ) ( )} | 〉,

νλ( , , ) ≡
∫

( · + · − · ) 〈 |
{

( ) ν( ) λ( )
}
| 〉,



≡ ψ̄γ γ ψ, ≡ ψ̄γ ψ, ≡ ψ̄γ ψ,

∂ =
(
∂ ψ̄

)
γ γ ψ + ψ̄γ γ ∂ ψ = ψ̄γ ψ ≡ ,

∂ =
(
∂ ψ̄

)
γ ψ + ψ̄γ ∂ ψ = ψ̄ψ − ψ̄ψ = ,

(γ )† = γ γ γ γ γ

νλ
λ

λ
νλ =−

∫
( · + · − · ) 〈 |

{
( ) ν( )

(
∂λ

λ( )
)}

| 〉

=

∫
( · + · − · ) 〈 | { ( ) ν( ) ( )} | 〉

= ν ,

λ
( · + · − · ) = ∂λ(

( · + · − · ))

νλ=

∫
( · + · − · ) 〈 |

{(
∂ ( )

)
ν( ) λ( )

}
| 〉 = ,

ν
νλ =

λ
νλ = ν +A ν

, νλ = Aνλ, ν
νλ = A λ
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=
A

A νλ

νλ =

j
μ

j
ν

j
λ
5 +

j
μ

j
ν

j
λ
5

= −
∫

	

( )

[
γ

/	

	 + ε
γλγ

(/	−/)

(	− ) + ε
γν

(/	−/)

(	− ) + ε

]
+

{ ↔
↔ ν

}
,

λ

λ
νλ = − ε νρσ

∫
	

( )

(
	ρ σ

	 (	+ )
+

	ρ σ

	 (	− )

)
+

{ ↔
↔ ν

}
,

νλ = ενλρσ
∫

	

( )

(
(	− )ρ(	+ )σ

(	− ) (	+ )

)
+

{ ↔
↔ ν

}
.

	 → 	 +

ν( σ) =

∫
	

( )
( ν(	σ + σ)− ν(	σ)) �= .

ν

ν



ν( σ) �
∫

	

( )
σ ∂

∂	σ
ν(	 ) = σ

∫
∂

σ

( )
ν(	 ),

∂ | |
= +

λ
νλ = ε νρσ

ρ σ( − ),

νλ = ενλρσ ρ σ( − + ).

= +

λ
νλ = A ν , νλ = ν

νλ = .

A ν

A ν = ε νρσ
ρ σ.

ν

ν =

j
μ

j
ν

P +

j
μ

j
ν

P .



ν ( , , ) ≡
∫

( · + · − · ) 〈 |
{

( ) ν( ) ( )
}
| 〉,

νλ( , , ) ≡
∫

( · + · − · ) 〈 |
{

( ) ν( ) λ ( )
}
| 〉,

≡ ψ̄ γ γ ψ ≡
ψ̄ γ ψ ≡ ψ̄ γ ψ , , ,

λ
νλ = ν +A ν , νλ = ν

νλ = ,

A ν = ε νρσ
ρ σ ({ , } ).

=
, , ( )× ( )× ( )

≡ ( ) ⊗ I ( ) ⊗ I ( ),

≡ I ( ) ⊗ ( ) ⊗ I ( ),

≡ I ( ) ⊗ I ( ) ⊗ ( ),

( ) ( )

[ ( )] ( )

∑
({ , } ) =

∑ (
I ( ) ⊗

{
( ), ( )

}
⊗ ( )

)
=

{
( ), ( )

} ∑ (
I ( )

) (
( )

)
,



( ⊗ )( ⊗ ) = ( ) ⊗ ( )
( ⊗ ) = ( ) ( )

∑
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{
( ), ( )

}(
· · + ·

(
−
)
·
)

= ,

I ( )

	 / − /

( )′
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−

+ −



pp

p
√
s =





→ γγ σ

′



( )

= → γ



	 → 	′γ 	 → 	





( )′
′ ν , ,

Φ

( )′

−LYukawa = Γ Φ + Φ̃ + 	 Π Φ + 	 Σ Φ̃ ν

+ ν ( + + ∗) ν +H.c. ,

Φ̃ ≡ σ Φ∗



Γ :

⎛⎝× × ×
× × ×

⎞⎠ , Γ :

⎛⎝
× × ×

⎞⎠ ,

:

⎛⎝× ×
× ×

⎞⎠ , :

⎛⎝
×

⎞⎠ ,

Π Σ

(Γ ) =
θ( − − Φ )

(Γ ) , ( ) = θ( − + Φ )( ) ,

(Γ ) = any if − = Φ ,

(Γ ) = if − �= Φ ,

Φ ( )′

, −
, ,

= Φ , −
, ,

�= Φ , −
, ,

= Φ ,

, −
, ,

�= Φ , , − �= − Φ , − = − Φ ,

, − , = − Φ , − , , �= − Φ , , − , , �= − Φ ,

− , �= − Φ .

( )′ [
( )′
]
, ( )′ [Gravity] , ( )′ [ ( )Y] ,

( )′ [ ( )L] , ( )′ [ ( )C] ,
[

( )′
]

( )Y,

( )′

[ ( )′] ( )′ [Gravity]



( )′

Π ,

Σ ,

�=

ν �=

[ †, ν
†
ν ] �=

R D

×

Γ′
, = PTΓ , P , ′

, = PT
, P , Π′

, = PTΠ , P
Σ′

, = PTΣ , P , ′ = PT P , ′ = PT P , ′ = PT P ,

P

R

×



( ) :

⎛⎝×
×

×

⎞⎠ , : , : ,

( ) :

⎛⎝× ⎞⎠ , :

⎛⎝ ×
×

⎞⎠ , : ,

( ) :

⎛⎝× ⎞⎠ , :

⎛⎝ ×
⎞⎠ , :

⎛⎝
×

⎞⎠ ,

( ) :

⎛⎝ ×
×

⎞⎠ , :

⎛⎝ ×

×

⎞⎠ , :

⎛⎝ ×
×

⎞⎠ ,

= α( ν + ν ) , = α( ν + ν + ) ,

ν = , ν + ν = ,

ν + ν = , ν + ν = , ν + ν = − ,

ν + ν �=



= ± ( Φ − Φ ) , = ± ( Φ − Φ ) ,

( ) Π :

⎛⎝×
×

×

⎞⎠ , Π :

⎛⎝ ⎞⎠ ,

( ) Π :

⎛⎝×
×

⎞⎠ , Π :

⎛⎝
×

⎞⎠ ,

( ) Π :

⎛⎝× ⎞⎠ , Π :

⎛⎝ ×
×

⎞⎠ ,

( ) Π :

⎛⎝ ⎞⎠ , Π :

⎛⎝×
×

×

⎞⎠ .

D



:

⎛⎝×
×

×

⎞⎠ , :

⎛⎝×
×

×

⎞⎠ , :

⎛⎝ ×
×

×

⎞⎠ ,

:

⎛⎝ ×
×

×

⎞⎠ , :

⎛⎝ ×
×

×

⎞⎠ , :

⎛⎝ ×
×

×

⎞⎠ ,

Σ ,

Σ Σ

( ) Σ :

⎛⎝×
×

×

⎞⎠ , Σ :

⎛⎝ ⎞⎠ ,

( ) Σ :

⎛⎝×
×
⎞⎠ , Σ :

⎛⎝
×

⎞⎠ ,

( ) Σ :

⎛⎝×

×

⎞⎠ , Σ :

⎛⎝ ×
⎞⎠ ,

( ) Σ :

⎛⎝ ×
×
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⎛⎝× ⎞⎠ ,



ν

Π ,Σ , =

⎛⎝× ×
× ×

⎞⎠ , Π ,Σ =

⎛⎝
×

⎞⎠ ,
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⎛⎝ ×
×
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⎞⎠ .

ν
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×

⎞⎠ , Π =

⎛⎝×
×
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⎛⎝ ×
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×
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ν
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×
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×
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=
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×
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