
New  Physics  in  Neutrino  Oscillation�

SATO, Joe;　Saitama University 



○ Motivation 
Standard Model must be extended so that Lepton Flavor Violation is included.	

　Furthermore Large LFV from Oscillation experiment	

 
Large  Lepton  Flavor  Violation  must  be  observed  !! 

（Very probably）Most studied example 
MSSM with RH neutrino (Seesaw Model) 　Borzumati, Masiero; Hisano et al 
　Large Flavor Changing Slepton Mass through renormalization 
 



Lepton mixing SUSY Breaking Mass 



Charged Lepton Flavor Violation (cLFV) 
 Shall we observe soon ? 

Sato,Tobe 



Ratio against Weak Interaction :  

Neutral Lepton Flavor Violation, nLFV, e.g. 

exists！？ 

Though this Affects to Universality, only 
since no interference  

However, 

Effect on oscillation is　で since it interfere with standard oscillation amplitude 

Key idea: flavor state of neutrino is not physical one but 
intermediate one	




We do not observe neutrinos but the phenomenon that 

decays here and an electron is created at the detector 

Therefore the oscillation probability is prop to 

Exactly all the physical state must be the same for interference 

since neutrino is intermediate 



In Neutrino Factory 

This process is interpreted as 

Due to interference new physics effect linearly contributes 



Formulation 

Initial state,　s:source 

Final state　d:detection 

Hamiltonian 

Not diagonal 

Matter effect also changed 

Transition 
Probability 



Upper limit on 

From Universality 
: interfere with Weak Interaction 

: no interference with Weak Interaction 

From ｃLFV　　SU(2) weak relation !? 

(　　　　                                 )  

(　　　　  matter effect         )  

Naively same limit !?　　 
However, contribution from Box and tree 

Model dependent 



	

MSSM with RH neutrino (Seesaw Model)の例 　Ota,Sato 
 
 



	

MSSM with RH neutrino (Seesaw Model)の例 　Ota,Sato 
 
 



	

MSSM with RH neutrino (Seesaw Model)の例 　Ota,Sato 
 
 

Strong corelation 
with cLFV 



If quite large, three generation assumption may cause a contradiction !? 
Extreme Examples: Reactor vs Long baseline 

Tree contribution bay be large. Then … 

Matter effect only 
Long baseline 
gives incorrect  
value 

Initial and final 
Both give incorrect value  



T2K vs 
Double 
Choooz 

Star :  
true value 



T2K  vs  �
NOνA�



Matter  Effect�
Randomly  generated  NSIs�



OPERA  and  ICARUS�

Parameters  in  vase  gives  different  appearance  
event  number  from  the  expectation�

T. Ota, J. Sato 

「Contradiction」  with  other  experiments�



Another  view  point�
Too  many  NSI  parameters�
�

Which  one  is  really  necessary?�
How  to  define  goodness  of  fit?�

Fit  with  assumption  of  three  generation  is  not  good�

MNS  matrix  is  unitary  ?�
12  parameters(=18－1－3－2)  in  MNS�

To  know  New  physics,  first  we  should  check  if  
the  MNS  is  unitary  !�
�
　　　　is  it！？�



CPV�

If  necessary  we  should  include  matter  effect�



Base  function�

Independent  though  not  diagonal�



Find  a  value  of  those  coefficients  without  
assumptions  of  three  generation,  unitarity  etc.�

The  check  if  the  following  holds�

Required  from  the  unitarity  of  MNS.�
Indeed  it  is  a  relation  of  unitary  triangle�



Summary�

Now  We  can  discuss  Appearance  events�

New  Physics  Search  is  within  a  scope  !?�
With  your  model    ,calculate        ‘s  !�
Oscillation  experiment  may  check  your  model  faster  
than  LHC  !???      　　�


