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Abstract

We derive correlation functions for massive fermions with a complex mass in the presence of a general
vacuum angle. For this purpose, we first build the Green’s functions in the one-instanton background and
then sum over the configurations of background instantons. The quantization of topological sectors follows for
saddle points of finite Euclidean action in an infinite spacetime volume and the fluctuations about these. For
the resulting correlation functions, we therefore take the infinite-volume limit before summing over topological
sectors. In contrast to the opposite order of limits, the chiral phases from the mass terms and from the instanton
effects then are aligned so that, in absence of additional phases, these do not give rise to observables violating
charge-parity symmetry. This result is confirmed when constraining the correlations at coincident points by
mimtead of instanton calculus.
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	スライド 1


   𝛿 CKM = O ( 1 )


   |  𝜃 - | <  10  − 10


   𝜹  𝑪 𝑲 𝑴 ≫  𝜽 -


  V T → ∞


  L       =      1 2 m      x → . 2 + e  A → ⋅    x → . − V (  x → )


  L       =      1 2 I    𝜑 . 2 +   e Φ  2 𝜋  𝜑 . − V ( 𝜑 )


  ( I = m  R 2 ,   Φ = 2 𝜋 R  A 𝜑 )


  0 ≤ 𝜑 ≤ 2 𝜋


  𝜓  ( 2 𝜋 ) = 𝜓 ( 0 )


  L       =      1 2 I    𝜑 . 2 − V ( 𝜑 )


   ℝ 1 = ( − ∞ , + ∞ )


  𝜑 → 𝜑 + 2 𝜋


   | n ⟩       :       𝜑 ∼ 2 𝜋 n


   | 𝜃 ⟩     ≡       ∑ n   e  i n 𝜃 | n ⟩


   | n ⟩     →      | n + 1 ⟩


   | 𝜃 ⟩     →       ∑ n   e  i n 𝜃  | n + 1 ⟩     =      e  − i 𝜃 | 𝜃 ⟩


  𝜑 → 𝜑 + 2 𝜋


   A 𝜇 →  A 𝜇 + i U  𝜕 𝜇  U +  


  𝜑 ∼ 2 𝜋 n


   | 𝜃 ⟩ ∼   ∑ n   e  i n 𝜃  | n ⟩


   | 𝜃 ⟩ ∼   ∑ n   e  i n 𝜃  | n ⟩


  𝜑  ( − ∞ ) = 0


  𝜑  ( + ∞ ) = 2 𝜋


  𝜃


   1 2 I    𝜑 . 2 − V ( 𝜑 )


  −  1  2  g 2 tr  [  F  𝜇 𝜈  F  𝜇 𝜈 ]


   A 𝜇 ∼ i U  𝜕 𝜇  U +  


   𝜃  2 𝜋  𝜑 .


   𝜃  16  𝜋 2 tr  [  F  𝜇 𝜈  F  𝜇 𝜈 ]


  U


  U


   𝜋 3 ( S U  ( N ) )


  𝝋 ∼ 𝝋 + 𝟐 𝝅


  R


  𝜑 ∈ [ 0 , 2 𝜋 )


  e


  Φ


  𝜑


   ( x , y , z ) = ( R  cos ⁡ 𝜑 , R  sin ⁡ 𝜑 , 0 )


  𝜑


  V  ( 𝜑 )


  0


  𝜋


  − 2 𝜋


  − 4 𝜋


  4 𝜋


  𝛽 → ∞


  𝛽 → ∞


   E 0 = −    lim  𝛽 → ∞ ⁡   1 𝛽  log ⁡ Z


  𝜽


  𝜽 = 𝟎


  Z  ( 𝜃 , 𝛽 )       =        ∫  D 𝜑  exp ⁡  ( −  S E [ 𝜑 ] )


   E 0     =     −  1 𝛽  log ⁡ Z     =      1 2 𝜔 − 2  K B  e  −  S B  cos ⁡ 𝜃


  =          exp ⁡   ( −  1 2 𝜔 𝛽 )   ∑   n + , n _   1   n  + !  n − !    (  K B   𝛽    e  −  S B )   n + +  n −  e  i  n + 𝜃  e  − i  n − 𝜃


  =          exp ⁡   ( −  1 2 𝜔 𝛽 + 2  K B 𝛽  e  −  S E  cos ⁡ 𝜃 )


   n +


   n −


  Z  ( 𝜃 , 𝛽 )       =         ∑ Δ   Z Δ  ( 𝛽 )  e  i Δ 𝜃


   Z Δ  ( 𝛽 ) =  1  2 𝜋   ∫ 0  2 𝜋  d 𝜃    e  − i Δ 𝜃 Z ( 𝜃 , 𝛽 )


  =          1  2 𝜋  ∫  d 𝜃 ′    f 𝜃  (  𝜃 ′ ) Z (  𝜃 ′ , 𝛽 )


   Z  A C G T  ( 𝜃 , 𝛽 )     =       ∑  |  Δ ′ | ≤ Δ   Z Δ ′  ( 𝛽 )  e  i  Δ ′ 𝜃


   f 𝜃  (  𝜃 ′ )   ≡   ∑   |  Δ ′ | ≤ Δ   e  i Δ ′ ( 𝜃 −  𝜃 ′ )


  Δ


  𝛽


  ∼      ∫  d  𝜃 ′  exp ⁡   [ −  1 2 𝜔 𝛽 + 2 K 𝛽  e  − S  ( 1 −  1 2  𝜃  ′ 2 ) ]


  𝛽


  ∼    1 2   𝜋  K 𝛽  e  − S  exp ⁡   [ −  1 2 𝜔 𝛽 + 2 K 𝛽  e  − S ]


  −    lim  𝛽 → ∞ ⁡   1 𝛽  log ⁡ Z     =      1 2 𝜔 − 2 K  e  − S


  Z ∼  ∫  d 𝜃   f  ( 𝜃 )   Z ( 𝜃 )


  −  1  2 I    𝜕 2 𝜓  𝜕  𝜑 2 + V  ( 𝜑 ) 𝜓  ( 𝜑 ) = E 𝜓 ( 𝜑 )


  0


  2 𝜋


  V ≃  1 2 I  𝜔 2  𝜑 2


  V ≃  1 2 I  𝜔 2  𝜑 2


   𝜑 b


  −  𝜑 b


  2 𝜋 −  𝜑 b


  2 𝜋 +  𝜑 b


  𝜓  ( 𝜑 )   =     a    D 𝜈  (  2 I 𝜔 𝜑 ) + b    D 𝜈  ( −  2 I 𝜔 𝜑 )


  𝜈 =  E 𝜔 −  1 2


   D 𝜈


  V ≃  1 2 I  𝜔 2  𝜑 2


  −  𝜑 b < 𝜑 <  𝜑 b


  K =   S  2 𝜋    |    det ⁡  ( −  𝜕 t 2 +  𝜔 2 )   det ⁡  ′ ( −  𝜕 2 +  V  ′ ′ / I ) |  1 / 2 ,


   E 0       =      1 2 𝜔 − 2 K  e  − s  cos ⁡ 𝜃


  S =   ∫ 0  2 𝜋  d 𝜑  2 I V ( 𝜑 )


  𝜓  ( 𝜑 )     =    c +  exp ⁡   ( +   ∫ 𝜑  d 𝜑 ′  2 I V  (  𝜑 ′ ) − I 𝜔 )   +    c −  exp ⁡   ( −   ∫ 𝜑  d 𝜑 ′  2 I V  (  𝜑 ′ ) − I 𝜔 )


   𝜑 b < 𝜑 < 2 𝜋 −  𝜑 b


  𝜓  ( 𝜑 + 2 𝜋 ) =  exp ⁡   ( i 𝜃 ) × 𝜓 ( 𝜑 )


  𝜃


  𝜽


  𝜃


  𝛽 → 0 極 限


  Z ∝ Z ( 0 )


  し か し


  𝜃 ≠ 0

