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1-‐1.	  Transi-on	  rate	  	  at	  	  T	  is	  computed	  with	  	  the	  
amplitude,	  	

	  
	

Large	  T	
1.Amplitude	  at	  Large	  T	  	  is	  
determined	  	  by	  the	  states	  of	  	

3	

２．(1)１/Ｔｃｏｒｒｅｃｔｉｏｎ？	  
　   	  (2)	  	  	  	  	  	  	  	  If	  ｇ（0)=0,	  ?	  	  

PACIFIC	  2014,	

Kine-c-‐energy	  non-‐conserva-on	  
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.	  	  	  	

	  1-‐2.	  Transi-on	  probability　P	  (of	  	  -me	  interval	  T)	

(our	  work)	
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1-‐2.	

1-‐1.	

1-‐3.	



Conserved	  quan--es:	  Energy-‐	  momentum,	  angular	  momentum,	  and	  others	  	

Symmetry:	  Poincare	  Invariance	

　　　　2	  .Quantum	  Field	  Theory	  
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Boundary	  condi-ons	

1.	  Vacuum	  and	  excita-ons	  follow	  Poincare	  invariance	

2.	  In	  mader,	  mader	  effects,	  detector	  effects(many	  –body	  effects)	  	  	  
would	  violate	  some	  invariance	  and	  be	  different.	

3.	  In	  scadering	  or	  decays,	  	  boundary	  condi-ons	  are	  	  important	
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(1)	  Boundary	  condi-ons	  at	  Ｔ＝T/2,-‐T/2、depend	  on	  	  f(x).	  
(2)	  Amplitude	  and	  probability	  depend	  on	  	  ｆ（ｘ）.	  
(3)	  	  
(4)	  Posi-on	  　　　and	  momentum	  　　for	  a	  complete	  set.	  
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)	

	  Pion	  or	  charged	  leptons	  	  	

2-‐1	  Asympto-c	  states	  are	  par-cles	  	

Wave	  zone	  (Length	  	  L_0)	
Par-cle	  zone	  (Outside)	  

	  	  	  	  
	  
	

Neutrino	  phenomena	  	

2-‐2.	  Asympto-c	  states	  are	  waves	  	

Waves	  overlap	  in	  	  large	  area	  ,	  and	  	  
have	  finite	  interac-on	  energy	
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Par-cle-‐like	  behavior;	  no-‐
overlap	  	  	  	

Wave-‐like	  behavior;	  
overlap	  	  	

Kine-c-‐energy	  conserved	  	

Kine-c-‐energy	  non-‐conserva-on	
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3.	  Pion	  decay	  amplitude	  :	  neutrino	  is	  detected	  at	  L=cT	

*	  By	  using	  wave	  packets,	  probability	  amplitude	  of	  the	  event	  	  is	  given	  [LSZ].	  
*P^{(d)}	  is	  caused	  by	  	  the	  kine-c-‐energy	  non-‐conserving	  term	  .	  	

Important	  (moving	  
frame)	  	  	

Neutrino	  velocity	

T’	
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Light-‐cone	  singularity	

Rigorous	  calcula-on	  :	  light-‐cone	  singularity+short-‐	  range　	
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charged	  leptons	  or	  pion	  	
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Light	  	  fermion	  	  	

Waves	  	  of	  	  light	  	  fermion	  	

Forbidden	  	  for	  m_l=0	  
Ruderman-‐Finkelstein-‐,	  Steinberger,	  

Sasaki-‐et	  al,-‐(’49)	  ．	

Allowed	  

0	

1/2	

1/2	
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(I)	  Helicity	  suppression	  due	  to	  	  V-‐A	  interac-on	  	

(II)	  Unique	  proper-es	  of	  	  	
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L_{decay-‐detector}	  =	  
170[m],	  	  
• axis	  =	  2.5	  degree,	  
Detector	  3[m]x3[m]	  	

	  	  	Absolute	  neutrino	  mass	  (LSND)	
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Pi,K	  decays	
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A	  new	  area	  of	  
quantum	  	
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Wave	  zone	  	

（Landau-‐Yang)	
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２photon	  state	  	

Momentum	  1;	  
Momentum	  2;	  　　　　	

Landau-‐Yang’s	  theorem	

	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
　　　	

Momentum	  1;	  
Momentum	  2;	  　	
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Effec-ve	  ac-on	  :axial	  vector	  decay	  	
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Neutrino	  light	  	  sca;ering	
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Anomaly	  	  in	  e+	  annihila-on	  	
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