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1 Introduction
O Large Vy =Vt mixing by Superkamiokande

e

Many models with Family symmetry

mini sedsaw ]
o Fr ﬂfmnft Nielsen (FN) mechanism

broken U(1) family symmetry ;o

- Qu,+Qy. .
| <@g > i J ;

= i H( or H)e™ %

¢ : family symmetry breaking field
hi; + O(1) constant
Qu; FN charge for ;

M, : fundamental (grawtatlanaﬂf) scale
< ¢ > 1
M,

)

)]
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o Lopsided U(1) charges to L;(i = 1—3)
Large 1111ﬁigig | | -
same U(1) family charges A for L, and L;

I IT
Qs A A
Q1 A A
Qi | A + 1] A

U(1) charges for lepton doublets

Sato and Yanagida, --- (I)
Hisano Kurosawa and Notnura, --- (II)

To reproduce charged lepton masses

10; - 10, 103 51 5 63|11 1, 13| H

Model I 2 1 0 [A+1 A Al c b a |0
Model IT | 3(27) 1 0 A A Alc b a |0

Family Charges in SU(5) language.
10, = (Qi, Ui, Ey)y 5= (Dy, Ly)

o Consequences of these models?

cf Vissani, Asaka ¢t ol
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o In GUT (G 2 SU(5))
Mg = 5;10;He %590
Q51+Q101.: €Q52+Q102 : €Q53+Q103 |

P
4
Ed

- ex~01 |
Q10, = {2,1,0} and/or {3,1,0} .

Mg © My @ My 2 €

My <= 10,10; He?0 10,

0

My Me © My ™ @10, +Q10; . (Q10,1Q10, - L103+H10; :

\LJ/ @ No suppression on Top yukawa
e ~ 0.1 |
Qloz' — {27 1, 0}
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2 Mass Matrix

(Base with Charged lepton mass matrix diagonalized)

o Meutrino Dirac mass matrix

Model 1 |

(h116c+1 h12€b+1 h136a+1
MD = EAmO hglec h‘22€b hggea

\ h3ie®  hage®  haze®

| [ hi1€ hioe hise) (€€ 0 0O
— EAm(] hgl hgz_' hzg 0 Eb 0
o \h31 hyy has 0 0 ¢

Model 11

(h11€C hlgeb h13€a

EAmU hglec hQQEb hggea

\h31€c h32€b h33€a
(h»ll hlg h13 e 0 0

= € My hgl hgg h23 0 b 0
hg] h,gg h33 0 0 €

I

Mp

-
-

my : representative of weak scale
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ovp Majorana mass matrix
+a

[ Mm% myoett? myget

]WR | migeb+° m22€2b_ TTL236b+a’

k m136q+ +b 2a

M,

It

{

c

m23€a TNyg€

" '
AR SETETEY "‘I"“.

Mp : right-handed neutrino scale
my; : O(1) constant

v L

ik
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seesaw

o vy, Majorana mass matrix

Model I

M

vy,
~1
<242 hire hige hyze | ( myy myp my3 hire hige hige
= hat  hao  hos mMya Moo Mo hot  hoa  heg
Mp |y, hi Ry b
a1 h3s  has mi3 o3 M33 11 hza a3
€2 € ¢
~ e 11
e 11

Model 1T

-1 T
hy1 hia hag miy M1z M3 hi1 hi2 his
har hos hos | | M1z moa ma3 hoi hoy hos

]\JR
hai haa hgs ) \ miz mes mas ha1 haa hss
111
~ |'111
111

-

The FN charges of vp’s are irrelevant
to M, ’s!
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3 Neutrino Property and Mixings
o Procedure
1. Generate h;; and m;;:

0.8 < _|h2'j|, ]mwl <1.2

2. Select sets of h;; and m;; with con-
straints

A. CHOOZ limit
|Ue3| < 0.15

B. Atmospheric neutrino anomaly
4|U#3|2(1 — IU}{L3|.2) > 0.5
C. Solar neutrino deficit
(a) 107% < r <1072

1071 < tan?§ < 5 x 107°
«—— Small angle solution

(b) 7 < 0.1
107! < tan®8 < 10
«—— Large angle solution

tan’ @ = |5e2/Uel.|2

__ 2 2
r= 6msolm‘/ 6mﬂvtm
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o To determine € in model I, calcu-
late charged lepton masses;
l1€® l12e? lset)

My o< | lp1€? loge! lpge’ |,

5162 Igo€! Igze”

14 < Iz < 2
<mu<0

m
| 180<m‘§<240

\U_.

0.05 < ¢ < 0.1
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Figure 1: Dependence on ¢ of how easily we can get solutions for lepton masses. The shape of the
dependence does not change with the tightness of the selection.
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o Model T

Vissani

10% sets of coeflicients satisfy the con-
straints mdependently of €. |

oNlodel 11

1% sets can satisfy the criterion.

small mixing | large mixing
I(e = 0.05) 81818 20025
I{e = 0.06) 64353 . 28837
I(e = 0.07) | 51867 38638
I{e = 0.08) 42436 49616
I(e = 0.09) 34714 61220
I(e =0.1) 29330 72372
IT 6 9703

Table 1: Samnple of how many sets can satisfy the criterion. Here, “small(large) mixing” implies that the
set satisfles the criterion for the small(large) mixing angle solution to the solar neutrino problem.
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3.1 Solar- neutrino parameters
oModel IT .
r and tan29 - |
Uniformly distributed in LMA region

o Modlel 1
¢ Both small and large mixing angles
¢ Disfavored region at right top end
of LMA
Majorana mass matrix after diago-

nalizing the dominant 2 by 2 part

el € e,']

€ 00

e 01 J

5 corresponds to 7
tan§ ~ €/ for € < 6.

r X tan2 6 ~ €2
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Figure 2: Relations between the mixing argles and mass ratio. The shape of the dependence does not
change much with the tightness of the selection. . '
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3.2 Upgs
oModel IT
Larger U,y
<= No symmetry

o Model T
Automatically small ~ ¢
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3.3 Jarlskog Parameter

~ CP violation ~
o 3.3.1 Jarlskog parameter
J = |Im(U¢;zUEJUa]Uﬂz)I

= |Im(UesUpaUeaUps3)|

sin

913_ .

O3

o Model 1
J ox €

J ~
= 0.1e.

1)

€

1 . . -
Zl sin 013 cos® 613 sin 26093 sin 269 sin 4.

Ue3

. __aatm

912 .

esolar

: CP violating phase

0.25 x U, x other contributions(mixings)

O(1)
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Figure 5: Distributions of J = |J x r|. The number of J in the right bin means that of J > 0.0009 for

the model T and J > 0.00145 for the mode! II.
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o Model H

0.25 x Ueg x other contributions

S~ 0.15 O(1)
~ 0.01.

Slightly larger than model L.
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0 3.3.2 Jarlskog parameter x—ﬁjﬂﬂ[

Mygtm

Measurable quantlty: for CP violation
in the realistic neutrino oscillation experiment

= |J X dmgolar
‘Smgtm
o Model 1
F o 0.5 x ch X ‘s’—"ﬂ?‘ﬂtan 012 % other contribution
~ € /ta,n 912 O(l)
~ 0.1 X €.
o Model 11
amgolar
J X ~ 0.01 x (0.1 —0.01) ~ (0.001 — 0.0001)

6matm

CP violation observed — Model Tl

-
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3.4 2000 4-3 Mee = | T Ugimi|
dm2,, =3 x 1073 eV?

atm

o Model I |
Mee ™~ Q/3 X 10—362
~ 0.05 x €2 eV.

o Model II
Naively
V3 x 103 ~ 0.05 eV.

However

result :: lower by one order
230v decay observed — Model TI

-
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4 Lepton-Flavor Violation

Borzumati and Maiero
Hisano et. al.

(Dirac) Neutrmo Yukawa couplings
W = [ VzLjNiHu

J
LLFV in the charged-lepton

even if universal scalar mass(m3) at GUT scale(M)

ud(m%),-]- _ (“d(m%) )
dp di ) vssm

SUSY breaking m? scalor lepton doublet

m? right-handed sneutrino
i}~ doublet Higgs

yDirec” gijyDiract  _  diog(£1. foa, foa)
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Approx1mately (ag:: universal A term)

6+ ad)m3 Mg

(AmL)ij = 1677 (f:[fu)tj lOg M
| ~ -(6 + "ag)mo Dirac Dzrac# 2 M, G
~ o2 Uik "“Uji | furl logM

Note U{?imc is relevant.

T — iy & (Amz;)w

7)21

jp — ey & (Am

o Right-handed neutrino family charge
(a,b,c) = (0,0,0) and (0,1, 2)(cf Asaka et,al)

o Lepton dOublet family charge

Sato, Tobe, Yanagida

A= 0 & large tan 3

J
* Too large LFV

We consider
A=1 < small tanﬂ
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4.1 Model I with (a,b,¢c) = (0,1, 2)

(736'3 0262 016
mp ='m3€ B3€ BQE Bl
A3€2 A2€ Al
( 1 . eX eCt/A} \
o VIHBYAR /14]By/ A2
[jDirac ~ €A203 1 BIZAI_
- ABy-BiA2  (/14|By/A)f? \___/1+|31//41|2
eBy(C) By /A, 1
\ AB-BiAe  \iKByYARE \1H1B/ AR )

X = C'f(a‘ilﬁ BB )/Al(A'Bz A3B))

fulz.fu2:fu3ﬁ62:€:1

fos x €

o(Am%)z T — py

2 ~ (6 + a’O)mO Diracy 1 Di 2 MG
(AmL)gg ™~ - 167!‘2 U a(‘U%trac*lfu‘ | lOg m
o(Am%)ay  p— ey

(6 + @3)m3  DiracrrDi Mg
(Am?)y ~ - 167:2 QpRireey B '“”|fu3|2logM .
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2
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Figure 5: UMM versus UP*¢ in Model I with (a,b,¢) = (0,1,2).
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o Branchi‘ﬁg ratio for the 7 — )m (1t = ev)
o |[(Am4)zl? (|(Am#)a1[?)

9 . —
Brp—e7) _ |[Amd)al" _ [UR™ef  ,|Ciff
Br(r — py)  |(Ami)s| — [Uffire Ay

A-independent prediction of Model 1
with (a,b,c) = (0,1, 2)!!
cf. Current limits
- Br(p—ey) < 1.2x 107"
Br(t — py) < 1.1 x 1078

== 11 --» e~ is much more sensitive

O Solar neutrino parameter independent

A =0 :: almost excluded
A=1: wil soon be measured

In near future

Br(u — ey) ~ 107 PSI
R(p — e in Al) ~ 1071 MECO
R(u — e in Ti) ~ 1071* PRISM
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Figure 6: Br(p — ey) versus Br(7 — wy) in Model I with (e,b,¢,7) =
(0,1,2,0). Here we take the left-handed slepton mass to be 300 GeV, the
Wino mass to be 150 GeV, and ¢ = 0.07.

7 tan =50 M2=150GeV ag=0 pu>0

10
&
L ~
! .
E=1 N
A 10 \\

\\
\'\
. Ny
~
10

200 400 600 800 100
left-handed selectron mass (GeV)

-
-

Figure 7: Br{(y — ey) as a function of the left- handed selectron mass in
Model I with (a,b,¢) = (0,1,2,0).
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M2=150GeV Mg =300GeV 8;=0 >0

10. tan B=>5
‘| *« LMA
s + SMA
g 1| * LOW A ..')}!f,‘,w. ’
I IO § . ..0.'.’ * .‘ *
R o ! " % .o’ " ‘ L
" . ‘ " oq e
m 12 l...’.. L] * . '....} ‘.
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L ] - L] Py ..
-13
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BTy 16" 16" 10
Br(p —e")

Figure 8: Br(u — ey) versus Br(r — uy) in Model 1 with (a,b,¢,7) =
(0,1,2,1). Here we take the left-handed slepton mass to be 300 GeV, the
Wino mass to be 150 GeV, and ¢ = 0.07.

12 fanP=5 M2=150GeV 35=0 p>0

10
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w / \\\
1 N
k1 -13 ‘ \\\
M 10 | ~
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.
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\
.14
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"y

Figure 9: Br(px — ey) as a function of the left-handed selectron mass in
Model I with (a,b,¢,7) = (0,1,2,1).
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| -Br(,u — eee) 3
Br(u—ey)

R(p — ein Ti (Al)) 3
Br(s > e7) ~ 5 (3) x 107",

¢ LFV serach :: Significant probe to
| neutrino models.
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4.2 Model I with (a,b c) (0,0,0)

C36 Cg Cl
B3€ BQ Bl
A36 Ag Al

1 eé@‘- eé{y—

UDirac ~ | €Y T 7ﬁ"

Z

Zo - T
It fia~ere—1:1 |
fu30(€A z -

o (Ami)zy T —

(6 + ad)m} - orr Dirace
ot Uss " UR ™ faf?
1 frace MG
ARl log M,

6+a racy r Dir
( 167:.)2mOUDt UD ace (|fu3|2 _ Iflﬂl?)

(Am%)az ~x -

log 6
gMR'

™~

-
Iy
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Figure 10: UMNS versus UP#*¢ in Model I with (a, b,¢) = (0,0,0).
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O(Am%)glm “ jL— ey
(6 + a'o)mo

(Am%)gl ~ T [ zracUllgimc*’qu'Z
+U2l%zracU1L'2)zrac*| fu2]2] l()g HQ ’
6 + ad)m3 ra |
= _( 167:-)2) 0 [ Dzrac Dz Ok (lfl/3|2 Ifu2|2)
M,

_UzlgimcUll{irac*I fu2| ] ] og MG
o SMA and LOW solutions

fy3 dominant
— similar result with previous one

Br(p —ey) o
Br(T — m7)

o LMA sélutions
Both f,» and f,3 can be large
UDzrac large

— Br is w1de1y distributed
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4 “M2=150GeV mgp =300Gev 20=0 p>0
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Figure 11: Br(z — ey) versus Br(r — uv) in Model I with (a,b,¢,7) =
(0,0,0,0). Here we take the left-handed slepton mass to be 300 GeV, the
Wino mass to be 150 GeV, and e = 0.07.

My =150 GeV mg =300 GeV ag=0 pu>0

*LMA tanf=5
10| *SMA
10° | =LOW

Br(t— uy)
S

1012

L °*
Py [}
13
10..‘ .15 l.|4 . -13 I-12 -11
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Br(L—e¢7)

Figure 12: Same as Fig.11 except for Model I with (a,b,c,7) = (0,0,0,1).
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4.3 Model IT with (a,b,¢) = (0,1, 2)

{0362 6'262 0162\
myp = mgeA Bge Bae Ble

A3 Ay Ay
UiDir(w ~ O(1)
Jor: foat fus e? )
Jv3 & fA
O(Am%)az L Tom
(6+a2)m ; Mg
(Am%)sz =~ - 167?2 OU?,I::), "““Ug"""c*|f,,3|2logM
o(Ami)y;  p— ey
6 + a2ym? i - Mg
(Am%)gl ~ ___( 167?3 0U2Igz acUllgzrac*lfu |2 IOgM )
Br(u = e7) Al (UB™ef
BI(T—F[L’Y) (AmL)32 Darar

o No suppression on Ui3 Rirac
— larger Br(y — e'y)
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Figure 13: UBirec versus U7 in Model II with (a,b,¢) = (0,1,2).
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Figure 14: Br(z — ev) versus Br(r — py) in Model II with {(a,b,¢,7) =
(0,1,2,1). Here we take the left-handed slepton mass to be 300 GeV, the
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4.4 Model II with (a,b,c) = (0,0,0)
o (C3 Oy C)
m,p =mae™ | B3 By By |.

| (A3 Ao Ay

Uz%]_)irac ~ 0(1 )

o Again very large Br
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Figure 15: U3 versus U™ in Model II with (a,b,c) = (0,0,0).
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Figure 16: Br(p — ey) versus Br(r — pv) in Model 11 with (a,b,¢,7) =
(0,0,0,1). Here we take the left-handed slepton mass to be 300 GeV, the

Wino mass to be 150 GeV, and ¢ = 0:07.
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5 Conclusion and Summary
o Two kinds of FN U(1) charges
Model T (001) and Model I1(000)
Very different and distinguishable

o Solar parameters
Small mixing — Model 1
Large mixing — Both still distinguishable!?

O Ue3 _ |
In both model it cannot be too small

Ugs ~ 0.01 — 0.1

Observable in near future?

o CP violation
Too small in Model I
Observable in Model 11
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o 20008 L

Mes ~ 0.05 X €2 eV Model T
— too small

Mee ~ 0.01 x &V Model II

— observable in near future

o Lepton-Flavor violation
Close to current limit on Br(y — e7)

o |
Large U, (— U{g“‘ac )
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