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	スライド 1


   |  T out −  T in | → ∞


  d P = d  P bulk + d  P  in − bdry


  d P ∝    |  S   ( 0 ) +  S   ( 1 ) + ⋯ | 2


  d  P   ( 1 ) ∝ 2 Re  [  S   ( 0 ) ∗  S   ( 1 ) ]


   𝜙 4


   | 𝜎 , T , 𝑿 , 𝑷 ⟩ =  | 𝜎 , Π ⟩ =    A ^ 𝜎 †  ( Π )  | 0 ⟩


   [    A ^   𝜎 i  (  Π i ) ,    A ^   𝜎 j †  (  Π j ) ] =  ⟨   𝜎 i ,  Π i |   𝜎 j ,  Π j ⟩


  𝜎


   ⟨   𝜎 i ,  Π i |   𝜎 j ,  Π j ⟩ ∝  e  −    𝜎  i j 2    (  𝑷 i −  𝑷 j ) 2  e  −  1  2  (  𝜎 i +  𝜎 j )    (  (  𝑿 i −  𝑿 j ) − 𝑽  (    𝑷 ~  i j )  (  T i −  T j ) ) 2


  S


  𝒮 =  ⟨  out ;  𝜎 3 ,  Π 3 ;  𝜎 4 ,  Π 4 |   𝜎 1 ,  Π 1 ;  𝜎 2 ,  Π 2 ; in ⟩ =  𝒮   ( 0 ) +  𝒮   ( 1 ) + ⋯


   𝒮   ( 0 ) =  ⟨   𝜎 3 ,  Π 3 ;  𝜎 4 ,  Π 4 |   𝜎 1 ,  Π 1 ;  𝜎 2 ,  Π 2 ⟩   =  𝒮  13 , 24   ( 0 ) +  𝒮  14 , 23   ( 0 )


   𝒮   ( 1 ) ≡  𝒮 bulk   ( 1 ) +  𝒮  in − bdry   ( 1 ) +  𝒮  out − bdry   ( 1 )


  　 　 　  𝒮 bulk   ( 1 ) ∝ i 𝜆  e  i  ( 𝔗  ( 𝛿 𝜔 ) ) ⋅  e  −    𝜎 s 2    ( 𝛿 𝑷 ) 2 ⋅  e  −    𝜎 t 2    ( 𝛿 𝜔 ) 2


  　 　 　  𝒮  in − bdry   ( 1 ) ∝ i 𝜆  e  i  (  T in  ( 𝛿 𝜔 ) ) ⋅  e  −    𝜎 s 2    ( 𝛿 𝑷 ) 2 ⋅  e  −      ( 𝔗 −  T in ) 2  2  𝜎 t  1  𝔗 −  T in + i  𝜎 t  ( 𝛿 𝜔 )


  d P =  d 6  Π 3  d 6  Π 4    | 𝒮 | 2 = d  P   ( 0 ) + d  P   ( 1 ) + ⋯


  d  P   ( 1 ) ≡  d 6  Π 3  d 6  Π 4  ( 2 Re  [  𝒮  ∗  ( 0 )  𝒮   ( 1 ) ]   )


  =   d P bulk   ( 1 ) +   d P  in − bdry   ( 1 ) +   d P  out − bdry   ( 1 )


   d 6 Π =    d 3 X  d 3 P     ( 2 𝜋 ) 3 ,   E  ( 𝑷 ) ≡   m 2 +  𝑷 2 , 𝑽  ( 𝑷 ) ≡  𝑷  E  ( 𝑷 ) ,  𝜎  i j ≡    𝜎 i  𝜎 j   𝜎 i +  𝜎 j ,   𝑽  ( 𝑷 ) ≡  𝑷  E  ( 𝑷 ) ,      𝑷 ~  i j ≡    𝜎 i  𝑷 i +  𝜎 j  𝑷 j   𝜎 i +  𝜎 j


  d  P  13 , 24   ( 1 ) =  d 6  Π 3  d 6  Π 4  ( 2 Re  [  𝒮  13 , 24  ∗  ( 0 )  𝒮   ( 1 ) ] ) = d  P bulk   ( 1 ) + d  P  in − bdry   ( 1 ) + d  P  out − bdry   ( 1 )


  d  P bulk   ( 1 ) ∝ 𝜆 Q  e  −    𝜎 t 2    ( 𝛿 𝜔 ) 2 sin  ( Θ + 𝔗 𝛿 𝜔 )


  d  P  in − bdry   ( 1 ) ∝ 𝜆 Q  e  −      ( 𝔗 −  T in ) 2  2  𝜎 t   −  ( 𝔗 −  T in )   sin  ( Θ +  T in 𝛿 𝜔 )   +    𝜎 t  ( 𝛿 𝜔 )   cos ⁡  ( Θ +  T in 𝛿 𝜔 )     ( 𝔗 −  T in ) 2   +    𝜎 t 2    ( 𝛿 𝜔 ) 2


  Q =  e  −    𝜎 s 2    ( 𝛿 𝑷 ) 2 − ℛ −    𝜎 13 2    (  𝑷 1 −  𝑷 3 ) 2 −      (  (  𝑿 3 −  𝑿 1 ) − 𝑽  (    𝑷 ~ 31 )  (  T 3 −  T 1 ) ) 2  2  (  𝜎 3 +  𝜎 1 )   − ( ⋯ 42 ⋯ )  


  Θ ≡ − E  (    𝑷 ~ 31 )  (  T 3 −  T 1 ) −  E 3  T 3 +  E 1  T 1  


  +  (  𝑷 3 −  𝑷 1 ) ⋅  (    𝜎 3  𝑿 3 +  𝜎 1  𝑿 1   𝜎 3 +  𝜎 1 ) +  ( ⋯ 42 ⋯ )


  𝔗 ：


  ℛ


   𝜎  1 , 2 , 3 , 4 = 𝜎 ,      𝑷 1 = −  𝑷 2 ,    𝑷 3 = −  𝑷 4 ,      𝑿 1 = −  𝑿 2 ,    𝑿 3 = −  𝑿 4 ,


   T 1 =  T 2 ,      T 3 =  T 4 = 50   e  V  − 1 ,      T in = − 10   e  V  − 1 ,    T out = 50   e  V  − 1 ,


  𝜆 = 0 . 1 ,    X  1 x , 3 x =  V  1 , 3 x  (  T  1 , 3 −  T in ) − 0 . 1  𝜎 / 2


   P  3 x


  m =  10 8   eV ,    P  1 x =  10 10   eV ,    𝜎 =  10  − 12   m


  d  P  in − bdry   ( 1 )


   P  3 x


   X  3 x


   T in


   T out


  t = T


  𝑿


  𝑷


   𝜎


  m =  10 9   eV ,    P  1 x =  10 9   eV ,


   𝜎 =  10  − 11   m


  m = 5 ×  10 5   eV ,  P  1 x =  10 7   eV ,


   𝜎 =  10  − 10   m


   P  3 x −  P  1 x =  10 4   eV


   P  3 x −  P  1 x =  10 3   eV


  d  P   ( 1 ) ∝ 2 Re  [  S   ( 0 ) ∗  S   ( 1 ) ]

