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o 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
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Lepton mixing SUSY Breaking Mass
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Charged Lepton Flavor Violation (cLFV)
Shall we observe soon ?



Neutral Lepton Flavor Violation, nLFV, e.g.
T — U+ Ve

exists | 7

Ratio against Weak Interaction: &£
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Though this Affects to Universality, only ¢
since no interference

2

However,

vV, — U
! e
Effect on oscillation is 6 since it interfere with standard oscillation amplitude

Key idea: flavor state of neutrino is not physical one but
intermediate one
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We do not observe neutrinos but the phenomenon that

T decays here and an electron is created at the detector
Therefore the oscillation probability is prop to 8
A, — ve) + Alve — ve)[2 ~ (1+ 2)) Ay, — ve)

since neutrino is intermediate

Exactly all the physical state must be the same for interference



In Neutrino Factory

oscillate

or not

V,,

This process is interpreted as I

Due to interference new physics effect linearly contributes



Formulation

Initial state, s:source
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£ Upper limit on
From Universality < O(107?)

€ :interfere with Weak Interaction

52 : no interference with Weak Interaction

From c LFV SU(2) weak relation 17
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However, contribution from Box and tree

‘ Model dependent



MSSM with RH neutrino (Seesaw Model)D#!l  ota,sato
Example of €, (Source): W-penguin diagrams
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oSU(2) limit, Divergence cansels among them



MSSM with RH neutrino (Seesaw Model)D#!l  ota,sato
Box diagrams for €,

Ly

o Calculation straightforwad
S

o For €

there are other graphs.



MSSM with RH neutrino (Seesaw Model)D#!l  ota,sato
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Tree contribution bay be large. Then ...

If quite large, three generation assumption may cause a contradiction !?

Extreme Examples: Reactor vs Long baseline
KOPP, LINDNER, OTA, AND SATO
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Sin? 26,5 Best Fit (D— Chooz)

Sin? 26,5 Best Fit (DC — 200)

m ,”
eeT ’I,
% 3
. 3
S =
I,l’ §é
R a8
.’ =
o lel= 0.0 N
*- g
‘ =07 |5
2 x2 > 30
GLoBES
0.01 0.02 0.05 0.1
.2 .
Sin“ 26,3 Best Fit (T2K)
m ,’,
681 ’/’
>3
P =
,’ =
”’ Q
I’ x
”’ s
o R
e (=]
’ =
d 3
X £
L o
0.01 0.02 0.05 0.1

Sin® 26,3 Best Fit (NOVA)

Matter Effect

e

o
o
o

=
o
o

c
-
—_—

Sin?26,5 Best Fit (D—Chooz)

o
et

S
o
oy

e
-
o

S
o

Sin®26,5 Best Fit (DC—200)

T2K / Double Chooz

%
° 7* ¢
]
B X =00 X Y o
3 _ o Seigd 2 &
X = 3o ’ ;:’ . ”z: »
".z ": » +
3 ’( s [3)
5, >
’ S : o =
$ IS
o e}
. . (@)
wh e 8
“3‘.‘0' " A . _g
» L) . o
8 Ldgy (el < upper limit|| 75
,GLOBEQ‘ 0 < hl‘g'(f’ < 2{( -
0.01 0.02 0.05 0.1
Sin?26,3 Best Fit (T2K)
NOvA / DC-200
I B i’,
M\O *
AN
. . '{:~ St *4
b oo e e s Pané oo‘muut‘&‘ . 4 w&;w
) A ’, {
HETTE
%4 Q
ye X'” .oe . L'Ii
b4 ’m:“' ‘ o & ¢
»., g Yot o 'Y O
v "‘ ." ¢ > LX) N
000 Sl $.¢ 0"’ R '.‘ R N
g Kok {w.o‘(‘\g‘\‘u‘l&'m&« o @

. ’a ’ 5 "\:.: $ o E
0,’/ " : ;: ! o o ¢ O
GloBES ‘ot ® ‘ ——

0.01 0.02 0.05 0.1

Sin®26,3 Best Fit (NOvA)

Randomly generated NSIs



OPERA and ICARUS
T. Ota, J. Sato
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Parameters in vase gives different appearance

event number from the expectation s.m.d

€,z | are assumed to be 0.01
r ] ] ] ]
4===) ' 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 !

isit! ?



Oscillation probability P(vq — vg)
for £ ~ O(100) MeV and L ~ O(100) Km
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Base function
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Find a value of those coefficients without
assumptions of three generation, unitarity etc.

The check if the following holds

AAD = B? + C?

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 1?
With vour model ,calculate £ ‘s !
Oscillation experiment may check your model faster

than LHC 1?7?7?



