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2 Idea of Large and Small Mixings

Lopsided Democratic Pseudo Dirac

These textures are reconciled with
some flavor symmetries (models).

Is small U,3 always guaranteed? No!

Let me show examples of Textures

Definition : Uyng = LLLy

LLMgRg = M3#8  LTM,L, = MJ'®

Example 1: “Anarchy Mass Matrix”
leads to large U,.j3.
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Example 4: Democratic _ t
p Umns = [UD'U0)]
1 1 1 1 0 0
Mg~ |1 1+¢£1 |, M,~]10 1 O , _ -
1 1 14§ 0 0 1 0 Bi-Maximal (symmetric limit);

1/vV2 -1/V2 0
) U(1) symmetry Breaking Effect;

UMNS=UI_:;=(1/\/€ 1/vV6 -2/V6
1/vV/3 1/V3  1/V3

Exampl 5@ Zee MOM [ 1

Suppose symmetric limit K { - 1 - 4) ) }
\ AX¥(1 1A 1 /
at which Ue3 =0 where )\, A, p and 7 are independent
of ones in the quark sector.

L L, — Ly, S3 Symmetry ... 1 1 1

Ue2| >~ — (1-——%# ) Uegg| >~ —=A
- - , O2| \/5 \/5 I (‘ll \/5
to deviation from symmetric limit. - sol I ~edl el

Fig. 1

There should be the relation be-

tween sin? 26, and sin® 20100 N Al SOSE-OF L il B
= 0.22,

Simple Approach in .
C.Giunti, M. Tanimoto, Phys.Rev.D66:113006,2002 |Ue3| = 0.15, tan< 04, = 0.45




Dr. Morimitsu Tanimoto, KITP & Niigata University (KITP Neutrinos 3-19-03) Study of U(e3) after KamLAND Page 4

0.1 0.15
Atmospheric

/177
0.6 ge/c.tL.
04|

rqrrerigrr!

TT777 s
e T, 0.6

Solar
IR f/!.f\f'\g'm

0.2}

NI RTINT. .3

01 05

Ued |
0.2

S’ A S &L

3 Texture Zeros in M,
Long History of Texture Zeros

7 two-zero textures of neutrino mass
matrix in the basis wherein the charged

lepton mass matrix is diagonal :

Figure 1:

Fig.1: Predictions in the |U.s] — tan? 8y, plane and |[I74| — sin 20, plane. The
| E—c——— e S —————

thick solid curve corresponds to tan? f, while the dashed one to sin® 26,,,,. Horizontal

lines delimit the experimental allowed regions for solar neutrinos. The parameter A is

varied from 0 to 0.28. The vertical line around |U,;] = 0.15 corresponds to the result

in the case of A = 0.22,

(0 0 X\ [ O % 0
A1 B x |, Ag |'X = ™
\X X X/ \0 X X/
[x X 0\ {x B x\
B1 ¥ @ X1; Bz |0 X X
\0 x x/ \x x 0
(x 0 x\ (X X 0)
B3 0 O x|, Bg | X X
\ X X X/ \0 x 0}
(X X X))
X . non—zero entry
K x 0
9 — 4(2zeros) = 5
\x x 0)

Frampton, Glashow and Marfatia, Phys.Lett B536(2002)79
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Neutrino mass matrix is written as

Ay O 0
M, =U|0 A o0]|UT,
0 0 As
Aj == m]eZi” , Ag = mgezi" , A3 =g

Both neutrino mass ratios and Ma-
Jjorana phases are determined If two

independent entries of M, vanish.

M, has six independent complex en-

tries. If two of them vanish, i.e.,

ab = M3 = 0, one gets following
constraint relations: v
/Y8

3 .'5‘ ' 3‘
qu: 54 (l’;lililli’\i) =0, A\A i“,!il“ ;]\l =g

=1 =]

four subscripts run over e, u, 7.
Solving these condition, one obtains

A UaaUp3Un2Upo — Ua2UpaUn3Ups
A3 Uai2Up2Un1Ugr — Ua1Up1Ua2Upo
A2 Ua1UpUa3Upz — Ua3Up3Ua1Upy
’\3 ’1!21"-!;?["“1(",!1 ' ('”1{",1{.‘”2("1’2

Therefore, we have

m1 _ |Ua3UpaUa2Up2 — Ua2Up2Ua3Up3
m3  |Ua2Up2Ua1Us1 — Ua1Up1Ua2Ups2
m2 _ |Ua1Up1Ua3Upz — Ua3Up3zUa1Up
m3  |Ua2Up2Ua1Up1 — Ua1Up1Ua2Up2

1 A1 1 A2
= — |Arg—| , = — |Arg—
’ 2[ g/\s] 7 2[ Ta

With inputs of three flavor mixing
angles and phase 4, three neutrino
masses and two Majorana phases
are predicted.




Dr. Morimitsu Tanimoto, KITP & Niigata University (KITP Neutrinos 3-19-03) Study of U(e3) after KamLAND Page 6

Then, one can test textures in

m% — m% Am2,,
m3 — m35 Matm
~0.02

Seven acceptable patterns in MY
11, A>: Hierarchical Masses
By, B>, B3, Ba, C: Degenerate Masses

Parametrizing Uy/ng as follows:

Ci12C13

/ %1213 13 \

( s 3 EYE 1 2 P $198918] 10970 91201 1 )
1 3413 1 23 | p 13 1 - |

A 14 1811 198970 91994 1811 1989714 |

0.4

A

0.05 0.1 0.15% 0.2

sinBi13

S: - ~ T
027 30° ~ 3§° Toml),, = 0.33~0.6]

B35 31° ~ §3° 120z 0.56~ 176

. a0 U T A A
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13012 C13512 S13€
U= —cysip — sysiperae’  exers — $23813812€" S23C13
893812 — {j‘-_;_;.“»'|;;(!|2(‘.m —833C12 — ('2:|3];;S[2(_"m C23C13
my 513 [S12523
. L ‘—) ‘7[1(‘ H
3 Ci3 \C12C23
msy S13 (12523 |
m m' _— = T +’5‘1.j(3 id ||
m3 Cl3 \S)12C23
I, 813 [ 812093 i§
~ ém,s‘wj Az = . vy + s13¢
- my C13 \C12823 |
m 813 [C12C
AWedm o ( 12638 _ o 15)[
mg Ci3 \ 8125923

1 -

Ay 2 vac.‘]’ = gin f15 ~ Etan 2015 cot O/ R, cos 2044
3% n(x»f Xllu/rzf\f

A; ' |Ues| =sinfyg ~ t.an 2012 tanfa3v/' R, cos 204,

The neutrino mass matrix is roughly given as

t0 2
0 0 A 0 XA 0 1
M,~ [0 1 1 for A, A1 1 for A,
A1l 1 0 1 1

However, texture zeros are not be preserved to all or-
ders. Moreover, zeros of the neutrino ealized while
the charged lepton mass matrix may hEs off-diagonal’s.

We need to investigate the stability of predictions !!
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Why does this texture give two large
mixings and one small mixing U,3 7

A! Al
F53 O g /0 ( 0
M,=|0 1 1 ] . { e 1 1
e 1 1/ 0 1 1

After (2-3) maximal rotation

i Tr— S~ ]
10 V2 , \-"2': 0 /2( :72.(
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~4e O 2 e 0 2

g~ g’
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. ~ €
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v
LA T |

E, W« A (a2

The two conditions turn to

>

(P"I )nh" L Du[be/\ el

.

UuUleuUzJ UnUyUpUy,

Ar s

my | U12U12U11Uzl U11U11U12U22
E=¢€fl3, W= w/As

1, tio

on Slgt]gfg_j - —W4+E
mg 2 i
m; 1 T
me — “Mariln———o -
mg fJ‘_) f[_,g(fg}q" T

The |Ug| = sind,; is given approximately as

1 1+ tan@ l
9 tan 2012 C(Jtﬁz_g\f I[{p COH 21912 - *—©— T ln— 1“2‘ .
Example: Georgi-Jarlskog Texture

0 Ve, 0
My ~

0
Ve, my, viemg |, M, ~ 0
0 NN m,

m, 0] 0 K*
> Mex= |0 om, 0, My~ |«
0 0 m,

case. m; _ |p11U11U13U21 UuUuUuUzl - UnUz]f

3
{1\'1,:‘)(.1 — >: lJrlilI ﬁ’\i =W
i=1 e
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4 Discussions
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4 Summary

exture Two Z ros are consistent
ith the data er KamLAND.

0 0 )\ 0 A O
Ao 1 1 As: A 1 1
A1 1 0 1 1

Am? tan? Ocolr Ues

sol?

are correlated in many models

We need precise determination of

Am? tan?6.,;, Ues

sol !

in Long Baseline Experiments.




