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The mysteries in the mass matrices
= Quark sector

Same order
s Quark masses +:n *m
’h’Lu'( Mx) = I.OLf-o‘.zo [Me,\l] ,m.d({v\x) = l‘33fo',|‘i [MP,V]
Me(Mn) = 3021 M) Ms(Myx) = 265737 [heV]
Mmt(My) = m’:‘%ﬁi (GeV] Mb(My) = 100 004 [GeV
= Flavor mixings and phase Vvery different
l (UCKM)ID.] = 0,2226 -0,22%9 l (UCKM)IB] = 0.0024 —0.003%
> | (Uekn)ys | = 6.0295 - 0,037 S = 4 -4
= Lepton sector
" Leptonmasses ¥eysmal - gng (M = 0,325~ Thel]
§ S Ma(mz) < 070 [eV) Mu(Mx) = 68,6 [MeV]
s Me(Mx) = 1,17 [GeV]
= = Flavor mixings and phases
p= N X
! (Umjs)lll = 0,25-0,3% I (Umus)asl = (.00-0,03
| (Umsd Bl = 6.35-0,65 N S,,p,% = ? < Unknown

Bi-large mixings



The mysteries of the mass matrices

= There are many empirical rules that are difficult to explain by using
mass matrix

= Barut's formula (Barut, PRL42,1251(1979))
Mo (Mn) = Me(Me) {14 3 o7 L 1% 2% 4 (m-1)"]]
M (M) = Me(Me) ] 1+ 3a7'L 1+ 1] = (05,55 [MeV]
M (M) = Me(Me) 1+ 267 [1%42* 1] = [786,2TMeV]
c§, Merime) = 0.5/097%92+ 0,00000004

¥ (m,) = 105, 6583671 0.00000
MT (Me)= /77€.°l(ii%,27?6

This formula says there is the relation between the charged
lepton masses and the EW coupling.



The mysteries of the mass matrieces

= There are many empirical rules that are difficult to explain by using
mass matrix.

= Barut's formula (Barut, PRL42,1251(1979))

= Quark Lepton Complementarity
A. Y. Smirnov, hep-ph/0402264 (1994))

us 10 (4TL2A)~4S5°, Bt Gs= (BAT5L P ots®
cf. Gus=(1232015) 8= (333122)° Gy 0°/ B, 5"

This formula says there is the relation between the quark and
lepton flavor mixings.



The mysteries of the mass matrices

= There are many empirical rules that are difficult to explain by using
mass matrix.

= Barut's formula (Barut, PRL42,1251(1979))

= Quark Lepton Complementarity
A. Y. Smirnov, hep-ph/0402264 (1994))

s Koide's Relation (Koide, PRD28,252(1983))

2
2 i\l Me.(me) +4 M (m,) + "HTRY
3 Me(me) + Mu(m,) Mc(Me)

_ l__ 0, 000002, +0.00002%

—0,000022

We don‘t know whether they are accidental coincidence or not.
However Koide relation is consistent with extremely high accuracy.
So it is difficult to regard Koide’s Relation as accident.

When in building a model, it is important to consider the origin of Koide’s
relation.



Goal of phenomenological model

Final goal is to find the unified model of quark and lepton masses.
However, there are many mass matrices which are consist with experiments.

m Whenever we multiply the up and down mass matrices
by unitary matrix A, Bu and Bd as follows

Mu-sMa =ATMu Bu, My»Ma =A"MaBx,

the experimental values (quark masses and the CKM matrix)
do not change.

Therefore,

The mass matrix must be constructed from as few parameters as possible.
The mass matrix must be simple and beautiful.
The mass matrix must suggest the new physics and new mechanism.

m NNI, Texture zero, Democratic, GUT, Froggatt-Nielsen, S3, D4, Q6 ...



The approach to the mystery

= [here are many mass matrix models which approach to the
mysteries.

= They each have their own characteristic.
= They may be classified as follows.

= [he texture can explain either quark or lepton or both.

= The textures of the quark and the lepton differ completely or not.

m The texture can predict precisely or order of magnitude.
m The texture is taken GUT into consideration or not.

m efc...



The texture can explain either
quark or lepton or both.

= The textures of the quark and the lepton differ completely or not.
m Mass matrix of the quark and the lepton differ completely.

M ~ ﬁga,("lu-“\cpm{’,) , Mo~ diﬂa(md;ms,?ﬁb)

Mewaale(l"e,mwlnu) / MV ~ ( 2!:, AB: él:)

AV cv Bv
m CKM & MNS mixing matrices become

l C S o
Uegm ~( Umns ~| s/ /i -V

m This is most simple way and very familiar to derive the difference between
quark and lepton flavor mixings!

m Where does this difference come from?
Seesaw mech., Discrete Sym (such as D4, Q8,...).



The texture can explain either
quark or lepton or both.

= The textures of the quark and the lepton differ completely or not.
m The structure is common to all the mass matrices.
For example,

Du A Au Dd Ad Ad De Ae Ae Dv Av A,
Mo={ Al Bu Cu | Md=| A% B.tC.|> M..=<A:_ Be c.), M = A B, C
A Ce B, AiCaBy/’ A. C. B, A, C. B,

m Choose the up and down mass matrices which cancel Large mixing.

Large mixing — Large mixing = Small mixing ... the CKM matrix
Large mixing + Large mixing = Large mixing ... the MNS matrix
s This is congenial to some of GUT models. In SO(10)-GUT,

Mc=S+TAt ES, Mg=aS+§A+ S, M =aS+A-3¢
Mp=S+§A -36S, M =8S", Ma= 1S > M, = M. - MoMa Mb
5 S Syn, AA&S}%

‘0 I?.é lg()(— Hiﬂr dim.



The approach to the mystery

= They may be classified as follows.
= [he texture can explain either quark or lepton or both.

= The textures of the quark and the lepton differ completely or not.

m The texture can predict precisely or order of magnitude.
s The texture is taken GUT into consideration or not.

m etc...



The texture can predict precisely
or order of magnitude.

= The texture can predict precisely or order of magnitude.
= One of Froggatt-Nielsen mech. is written as follows

Gk X Ak’ bil’> i l ¥k bk cof
Mool et el 00 ), Ma=| del el Sitt |=Me Moz [k e 42,
X Rk Gk he ok §8 |

Bando-Kugo-Yoshioka (2000)
m Here, A denotes a number of the order of the Cabibbo angle
sing: = 0.22, and all the coefficients, a, - ,hf, are assumed to be order 1.

= Because we cannot determine the exact values of a, - ,/1, by the theory,
this model predict order of magnitude only.

My Mo Mpa My Muimys 280 A0 |
Ma:Ms MpaMe: M My o A% AT 1

I AR I V¥
Uunllgalen| o | A , Ue~l A/ l/ﬁ)
y N /SR VAF VAP

/



The approach to the mystery

= They may be classified as follows.
= [he texture can explain either quark or lepton or both.

= The textures of the quark and the lepton differ completely or not.

m The texture can predict precisely or order of magnitude.
s The texture is taken GUT into consideration or not.

m etc...



The texture is taken GUT mmto
consideration or not.

s [ he texture is taken GUT into consideration or not.

m For example, Koide’s relation come from the S; invariant Higgs
potential at low-energy scale. (Koide, 1990)

2
2 i Me(me) Me (M) Hme(me) j
3 Me(me) + MMy +Meiny)

-~

= |- 0,000002

= Koide’s relation becomes misaligned at GUT scale.
And this relation can not be applied to Quark masses.

2— i\IMu +\lmc +\lmt jz 2' i\]m‘ +\lms ‘l‘\IMb }z = l"0|067
3 Mot M tMe 3 MM M

LR LS NP foo  p=2x00°
3 Me + Mp + M

=[-026 ,

Li and Ma (2006)



Summary

= There are many mysteries and models in the mass matrices!
I cannot review all within a short time.

m Froggatt-Nielsen mech.

C. D. Froggatt and H. B. Nielsen, Nucl. Phys. B 147 (1979) 277., ...

s Nearest-Neighbor Interactions
H. Fritzsch, Phys. Lett. 73B, 317 (1978), ...

s Democratic type, (53 discrete sym.)
H. Harari, H. Haut and J. Weyers, Phys. Lett. 78B, 459 (1978), ...

s GUT
H. Georgi and S.L. Glashow, PRD32, 438 (1974), ...

m Zero texture
F. Wilczek, A. Zee, Phys.Lett.B70:418(1977),
H. Fritzsch, Phys.Lett.B70:436,1977., ...

m Discrete symmetry
There are many models such as Sn 1 Dy AH
m Etc...

= I am also looking forward to listen and discuss the many exciting
models in this workshop.



Koide’s relations

= The texture of mass matrix may be classified as follows.
m The texture is taken GUT into consideration or not.

= For example, Koide’s relation come from the .S; invariant Higgs
potential. (Koide, 1990)

V= /A‘Z$;¢; -r%f'i?_.@a‘i*.:'it‘f Az@““*’v‘)(iﬂ‘bu*‘}n "’q)
¢R = % fq’l = ¢zj, 4)’] =]lfi¢l*¢z“z¢’sﬁ ,¢0’ =\]__—'3-‘1 q"l""Fz.’t' ¢'3‘

m This potential become minimum atz
P bo = $w?’n+$n¢4 = _2_:)\%;
So, we get
2 3;4; = Prbot PruPut Pr,
=P b + P b +P P, =IO+ VI+V3Y
=2 Frbo =2 {rht Bl ditdat ) = 5 (Vi1 Vatv3)?
Here, {44)=v, , <> =Vz ,4{$;7> = U3




V= 1238y + MIEFi 4 Aldede)(Fndur b )
b=k idi~d), 1= 100265 b = L1 14u 1]

PP = PPt PyPy = 2)\}:« Az

33,45 = Fobot FubatPrdy
=$l 4)' + $2. q’z +$3 q’a = ?‘U‘z.l.‘[):_-k-'()il)
=2 B o = 2B b bt 4] =3 (V4 V2405

Here, 4d)=0;, <=0z ,4%;2 = Vs




Our Strategy for the Four-Zero-Texture (FZT)
mass matrix model

Many people have discussed

the FZT mass matrix model;
H. Nishiura, K. M, and T. Fukuyama,
PRD 60,013006 (1999).




Four-zero-texture (FZT) mass matrix model

= We would like to discuss the following Four-Zero-
Texture mass matrix model.

M . 0o a’fe-l-i.t-y- 0O
¥ = (a‘_}eﬂztf' b'f C;e"‘bo_‘}
o) C_;e’w’ s
for §=u..o(.e.D.L.R

s [ffwe assume the Hermite matrix, we get
_ |2 750 tmga s = [ (s =M)(d; ~P52)(; — 53
4 -J ds S J_ ds
bf‘(mfl + M + 7"53)"0({-

Here o< Mo <-mga<Ms3 [ lm;\I < 0(.§< lmu'
O< —img <Msa< Mgz o [ Msa] < ds < | My



Our Strategy for the Four-Zero-Texture (FZT)
mass matrix model

Many people have discussed

the FZT mass matrix model; <: Recently, some people say
H. Nishiura, K. M, and T. Fukuyama, “the FZT in quark sector is dying’;

the solutions is K. M and H. Nishiura,
remained PRD 74, 033014 (2006)

PRD 60,013006 (1999). mog —
if
! ‘ \ We check this opinion.

And they applied the FZT mass
matrix model to SO(10)GUT; ’
K. M, T. Fukuyama, and H. Nishiura, <: Recently, some people say "the some

PRD 61, 053001 (2000). FZT in the SO(10) GUT is dying”;

sjnsai ay Ajddy

- =

We check the our model. <

hep-ph/0702284
IJS

Is there
olutions?




General SO(10)

= Each SM family + a right-handed neutrino in a single
16-dim rep.

Wsomy = Yi® 161165 (0n + Y™ 160165120, + Y % 164165 (264

ij

Here the matrices Y29, Y126 are symmetric, and Y220 is
anti-symmetric.

s Each terms include the following mass terms,
respectively.

6
6
6

6 (0 > S(wuc+vve)+ S (dd®+ee)

6120 D 5VD° 445 wu + 5 (ddo+ ee?) +45 (ddc-3eet)
61262 | vve + 1S VW + 5 (uns-3pv*) +45 (dd* -3 ee)



The relations from the SO (10) GUT

= [he resulting tree level mass matrices as follows

Muw
Ma
Me
Mo
M.
Me

S+§A + £
*xS +§A + S
xS+ A-3

S +§A -3&8

B’
¥ S’
+ ¢ t

Hins . 1o | 20 126

L
L—-/'v —
From SO10) GUT

X

This unification gives more
stringent constraints than the case
where only FZT is considered.




The numerical results

= We show the best fit values as a example

AT =T/2, A0 =-0,12], Xu=0.9560, X4=0.9477

The values estimated from
Our results

exp datain MSSM gtanlgzloz

w0l = 104TMN] Log o eV
Me(Mx) = 3o2TMeN] Jolim M)
Me(My) = |9290GeN] 129 % [GeV]
= to‘” V

Ms(My) = 265TMeV) 26,523 TheV]
Mp(Mx) = 1,00 [Ge\] |.oo £00¢[GeN T
(Uekndia] = 02251 0,2226 -0.22¢9
(UCKH)I)_ = 0,030 6.0295 - 0,03%7

R (chﬂ)u = 00 0.002%4 —0,003%

b3 = 58,86 4 -74°




= [he allowed regions of neutrino masses and mixing angles
In the case of the normal hierarchy.




Our Strategy for the Four-Zero-Texture (FZT)
mass matrix model

Many people have discussed

the FZT mass matrix model; <: Recently, some people say
H. Nishiura, K. M, and T. Fukuyama, “the FZT in quark sector is dying’;

the solutions is K. M and H. Nishiura,
remained PRD 74, 033014 (2006)

PRD 60,013006 (1999). mog —
if
! ‘ \ We check this opinion.

And they applied the FZT mass
matrix model to SO(10)GUT; ’
K. M, T. Fukuyama, and H. Nishiura, <: Recently, some people say "the some

PRD 61, 053001 (2000). FZT in the SO(10) GUT is dying”;

sjnsai ay Ajddy

<~ — [

this hidden property. hep-ph/0702284

PN 7

We wonder what is behind <—t We check the our model. ||

There is the hidden property in FZT which We find the solutions
makes the peak of sin8,, around sin26,;=1/2. in the SO(10) GUT.




The remaining problems

in the FZT with SO(10) GUT

s Am,,° is small. We need the tiny perturbation term in
Neutrino mass matrix.

x \We don’t know the reasons or the mechanisms which

always make the peak of sin26,, around sin?8,; =1/2
under some conditions.

s We don’t know where the FZT come from.






The relations of quark and charged leptons

in the SO (10) GUT

= First, we only discuss the mass matrices of up, down and
charged lepton.

Mw= S+SIA+ iS'
My=axS +§A + S
Me=xS + A -3 S

Here, we define r =8 /8 for the sake of later discussion.



The number of parameters in SO(10) GUT

= [he number of parameters in our model.
S,A,S 2 4¢t2+4=10

Ms=(SstAs)>6x3= 1§
+) al 8' glc 2 ﬁ = 4'
N(pmt) z 32
= [he number of constraints from equations.
Nlegs)=6x3 =8

= [he number of constraints from experiments.
masses > 3x 3 = 9

+) ckm >3+ ) =4
N(exp) =3

= [he number of free parameters in our model.
N (free)= N(pmt)- N (45)- Nlexp)= 1




= After summarizing these egs., two parameters d_ and r
remain as free parameters in one equation.

Fe) (4 bu cnlaTre) - 3+ GaconTu T =[4C wem (aT4 00)~B+k)Cat con 02 1
= (k) [ae Fr)*=ce ]
w-ew. ALz Tu-Td, AT = Tu-0Tx

The Pa.rm‘ferf O(u,a(p(, AT, AU ane W}V e CEM ma»&b Mdfé“»
_ (3datde)(Ta-Ze) —(dn-de)(3Tg+Xe)
X , Ad, —
(d" dd d‘) 4‘4(«.(2&“2.)"(0‘&‘&)20&

— _ (3datde) Tu- d(3T4+3e)
Sl to)e (da—de) Tu-du(Ta-Ze)
wheve Sw =Mu+MctMe, S =Md+MstMy, Se = Me+MutMy

_ g1 g2 My ' c"u*,)g\l_(‘(i’h‘”)(:-hﬁxi’l-ﬂs) for f= k.d.e

G AT | Cutm AT
ﬁmtl (b Jn.,dgl, AT') < ra“ Rucl AT 1 ﬁm(rul (k’Alo C[d,AO')- er‘ Cucll AT

Cd Am T
Gd AmTA

F(r,dy) =




= [he additional conditions which come from the phases in the
charged lepton mass matrix.

— 1 ZenTo(de, v )= 4o hucon(AT+Ta)~(3+K) ot 0o T <+ 1 _9‘
= ALTY -

((‘K)ag
_ 4 CucoalAT40a)-(3+KICot con Tt
— 1 £ embelde,r) (-E)c, <+1 - ‘

04t ' ' ' 1
02t J

0 -- |
0.2F 1

71 Sol. (b)

In this talk, I will concentrate
) at this point. Namely, the
contribution of 120 is small.

93 0.935 0.94
de/ m T



The neutrino mass matrix predicted

from FZT in the SO (10) GUT

= As we have shown, the quark and charged lepton parts are OK.
s Next, Let’s discuss the neutrino mass matrix.

Mu, S+§A + €S ) ok’
o 8

MOL""O(S'*'S/‘\"' S’ MymMm

_ _ / deflorvminesl |
Me-“S“' A 3 S } m ‘ /Z '
Mp= S +§A -3E5"]

M, = \@NS’> Mm%woﬁu
Mg = 7S W,ém%&l)pmt.
ML - MoMal Mo

&



The neutrino mass matrix predicted

from FZT in the SO (10) GUT

= As we have shown, the quark and charged lepton parts are OK.
s Next, Let’s discuss the neutrino mass matrix.
= We use the following global analysis of neutrino experiments.
0.25 < 4’012 < 0.38 >
0.35 < sn*B23 < 0,65

23013 < 0,03 >
{Amf. =(T7.2~5.Dx(07° eV?
|AM§3.|=(Z\‘ 30D x ‘0'3 e.Vz'

Amfl
lami|

—

=(2.3-4.2)x[0*— @
ot 917 CL
A, Strumia . F.V/'ssewl, hap-ph /0606054



Summary of

our FZT mass matrix model

Many people have discussed

the FZT mass matrix model;
H. Nishiura, K. M, and T. Fukuyama,

PRD 60,013006 (1999). %‘ >~
d
We check this opinion.

¢

Recently, some people say
“the FZT in quark sector is dying’;

ﬂ the solutions is
remained PRD 74, 033014 (2006)

K. M and H. Nishiura,

And they applied the FZI mass

matrix model to SO(10)GUT;

K. M, T. Fukuyama, and H. Nishiura,
PRD 61, 053001 (2000).

¢

Recently, some people say “the some
FZT in the SO(10) GUT is dying”;

T =

We will check the our model. «
hep-ph/0702284

P S /A\

S)nsal ay; Alddy

There is the hidden property in FZT which always We find the solutions
makes the peak of sin26,, around sin26,;=1/2. in the SO(10) GUT.




Sol. (b)

0 4.3-51x (02, o
Me =Q S + IA\ "3 S' = | 45+5x10% 1.4 x(0* 2,3x(0%42.6x107 ¢
o 2,¥x{0*-2.6x(07'¢ l1x (03

p 1.4 x 103 o
S t SIA 385 (l 4 x (03 3.5); (0% 5,3x(o0% )
0 53 xl0* [.9xl0%
= ‘ = /= o ~U;l! o
ML. ﬁ S ; N‘R ’KS 7(-7.7):10" 4.6:!0 -(.4xlo)
0 ~L.Sxto =37xlo
Dy = M- Mo E‘MD = [ﬁT S - MD(S)-‘MD]

I( o =-20oxl07 o )2?5::(0'7

—
-

~2.0x(07 ~3,4x (0% -2.Ix(0%
o -2,1x 0% -,2xl0®

wame0,3=0,53, an20i3 = 2,3x(07%

wam?012 20,29, AMa/AME =4 4x(0™%
Tt 's ter sl .



The uncertainty firom the RG effects

s We don’t know how much the true masses of fermions
are in the GUT scale because nobody know what is
really happened above TeV scale.

s However, in the most case, the ratio m,/m,, is stable.

s [herefore, by changing only m, In the very wide range
even where It IS unreasonable value theoretically, we
will check the stability of the bi-large mixing.

= [ regret that the discussions about the uncertainty from
the CKM matrix and so on are not finished.



mThere is always the peak of sin?0;, around sin?0,,=1/2, even if m,; and m_, are changed.
Muz= Mz x0,S /mus Mmex§ Mus = Mg xl0

3122 =0.33 i 5122 =0.33 5122 =0.32
8232 = 048 5232 = 050 ' 8232 = 057
S15% = 0.0003 o 42 = 0.0002 “1513% = 0.0003
Am,,2/Admy,?= 0.0003 L 2/Admys?= 0.007 1 Am;,%/Admyy?= 0.

Sp? = 0.33 W =0.32 ?=0.33

Sys? = 0.46 2 =0.57 2 =0.57

S, = 0.0002 2 = 0.0003 £ =0.00013
Am,,?/Admyz2= 0.0003 A, ,2/Adm,z2= 0.0004 mf,2/Admy,2= 0.0004

|

100000 150000 425000 430000 435000 440000 445000

= [he rates of change of each elements with respect to mz_; are incoherent as follows.

. : 4 ,
Si ) (Me3=0.5 ne) Indeterminate -10.7516 IndetejSY J (Me3 =0, S«\r.) Indeterminate  1.17063  Indete

= = (107516 -5.0%75 -3,
Si) (Me3 = [0 me) . su (Mes= [0 me) 117063 0.0894184
Aij(Me3=0.5me) Indeterminate  1.2250L  Indete Became the CKM i fo. punetia IB mds,

Ai' (Mes = [0 we) = 1.22501 Tndeterminate 1.2 we muel "{'-‘4/ Mot ‘”“4‘/9‘ whow we. "{”‘?- Ma3.
J . : ¢ ato HMIW no +iwe o checle




= Note that we can not take the bi-large mixing for granted in
the general FZT.

= If you change other masses, the bi-large mixing is sometimes
forbidden. For example, if muon was more heavy, the large

sin?f;, can not be derived.

Mez =Me X 3

S15% = 0.004

Sy4? = 0.50

S;52 = 0.0001
Am;,2/Admy4?= 0.053




= [he allowed regions of neutrino masses and mixing angles
In the case of the mverse hierarchy at Sol. (b)
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= [he allowed regions of neutrino masses and mixing angles
in the case of the normal hierarchy at Sol. (a)

sin26ij

1
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= [he allowed regions of neutrino masses and mixing angles
in the case of the inverse hierarchy at Sol. (a)

Sin26ij

1
0.65

0:35

0.25

107!
0.03
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/4 ) h - 7]
@ MW? S=3SZ&S¢ MO( S':E%S‘
o Mhe GVT/Z&ZWM/ Moze, nelobiorn va gbn
4GSy =(354+Se)+K(Sa-Se)
where K= XE .

4o o= [ 3ddtde] +k [ du-de]

4oaSu=[33442e1+KLTua-Te]
Su =zNutM.+t Mt
2d =Md+Ms+ My
ze = MQ+M“'\'M‘D
(3datde)(Ta-2Ze) —(da-de)(3T4+Te)
X , Ad, = -
(da' dd d'@) Qfdu.(Zd’Ze)’(o(d‘de)lu.i

__ (3datde) Tu- du(3Ta+3e)
ot ald' de) = (da—de) T -du(ZTa-Ze)

wlteve

o ks de, da. de o [BEL



{

From tA¢=1 A , we get
( .
-s‘-ad,w..,m ?au/w»(‘l:d-ya‘c)

-

| , |

= = Gu [ Td cor AT + con Tol aon AT ]
: l ,

—SL CqgmTA = Y Cowmm (Ty +27T)

( 0 .
=57 Cu [AM»(T::L con AT+ ceo 07 AmAO"]

[ s, M m _n — — s
Here Q§=J- f'df" 53/ Cs = (s f')(;f G )
F \ $
( :
— QGuam AT .
AanTa(r, du,di )= — . e ib

-ﬁl— Ad — -% Aucor AT YQq— GQucsa AT

( .
_IC(LM/AO_ C y
$ wlm AJ™
‘$— Cd— ?’ Cucor AQ

(

where , "= 8//8



X3 F TR
Ge mmTe = —S‘- Gd aTA

ZZ o4 Egs =4

Ce mnTe = = Co (A

Gon ko con (ATHT)=(3+K) (ot con T +(1-K )&, co2-Te
40(C“'C"°'(A0-+ U'o():(?"\"()(—ok cor Ty -('([-K)Cemo-& ]
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Sol. (a)

) 3, xlo* o

S = (S.leo" 3,5xl0? 3.£xlo")

0 3,6x 0% [.0x005

o  -2.0 5 [ o -15xiwt 0O
S, — (-210 ‘2.0&‘02 "‘.7)“0) / A - b 2‘sx'°-' o l"
o -6Tx0 [ Sxio* o =1 0

«=7.9%106"3, §=2.3x(0, 8'=~-5,2, €= [.6x (0%

° LW Sxlo + (3¢ (o)
Mu=1| . xt0-13¢ b.ox (03 2,6x(0%Y - §.8¢
o 2,6x (0 + 5,3 .2x (0%

(o) 4.((-X|°“ -sll L O
Md= | 44x107"+6.1L 7.7% (0 2.2 x(0* +2,6x[0 ¢
o 2,2%x]0* -2,6x (O VL 9.5 x10*

o ~5.5-2.6xl07'¢ o
Me=| ®5+2.6x(6" 5.3 x (02 4,5x00%+ 1.1
o 4.?"/02-'-'!: 314&‘01



Sol. (b)

o 3.6 x (0% o
S =1 3.6x10* 1.3xl0* 33x/i0*
o 3dxi0* 1.4 x (0%
y o ""7:7)(10-, o , (6] 5.3
S = |-29x10" -1.6x10 -t4xp |» A=¢[-53 o
0 ~(.Sxto =3"xlo o 2,4 x(0
o =70x (073 § =(0x(0%*, §=-93x(0, € =¢5x (0%

6

"2041\'{0
o

|

o [ 7xi048.3 ¢ 0
Mu. = I.7x(0-5.3¢ 6.0xl0® 2.6X(0%-2.4x(0¢

o 2.6x (0% +2.4xl0¢ 1.2 x (05
0 '\?"’ S.%L 0
Ma=1{ 1L3+5.5¢ 777% (0 2.2x(0%* +2.4 %0 &
o) 2,2x(0* ~2,6x0¢ 9.5 x (0%
o) $.F-51x (02, o
Me = | 45+57x10% 1.4 x(0? 2,9%(0%4 2.6x (07" ¢

o 2.¥x(0*=2.6x(0""¢ [ Ix (03



The numerical results

[ w(Mol= 1,04 Toge [MeV) (Uekn)ia] =0.2226 0,229
Me(My) = 302137 TMeV] (Uekn)ia] =6.0295 - 0,03%7
Mt (My) = (29 e T[GeV] (Uekm)in] = 0.0024 —0.003%
i (Mal= 1,335 Thev) S¢ = 4" -74°
Ms(My) = 26,5237 TMeV)

Mb(Mx) = 1,00 004 [GeV ]

hne (malz 03250 TheVd

Mp (M) = 63.59% - TMeV]

M (Me) = 1716302 T MeV)




SiN2 6

s The allowed regions of neutrino masses and mixing angles
in the case of the normal hierarchy at Sol. (b)
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The number of parameters
in the quark sector

= [he number of parameters in the quark sector.

M > 6
+) Mad > 6
N(pmt) = (2

s [[he number of constraints from experiments.

masses 2 3Ix 2= 6
+) ckm > 34 ) =4

N(exp) =0

= [he following two phase parameters can not be
determined.

N (fvee)= N(pmt)- Nlexp)= 12-(0=2
> (TutTA), (Tut Tu)




Diagonalization

= [he FZT matrix is diagonalized as follows

\J; Mg Us = o(tac}(m\ , W\z.,W\g)

Heve |
Us =Pf 05, Ps=(1,Ts, Q54Ts) = (1. 05, 043)
(dls~Mg1)Mg2 Mg (ds~Mg)Ws3 g (ds~Mg3)¥g) Mgy \
Rsids Rsrds Rsads
O¢ = _ j_ (ds-ms1) msy j_ (ds-ms) msa j__ (ds-Ms3) mss
5 R;n Rr, Rﬂ
J"‘sl (dg~mg2)(dg—ms3) _ \]“‘n“rls;)(de-m;.) \I‘“sa(lplm(dg—mn)
Rst ds Rsads Rs3 ds

Rst= (Mg —mpa)(mgi-ms3)  Rga= (Inga-mg3)(nga—ms )
Rsa= (g3 -mp )(mg3—msa)



The CKM matrix
s The CKM quark mixing matrix U\, = U,7 U, is given by

(Ueen) p & ‘W‘l ~ g\t /lmulx«. X4 “e—”’/l::_l("x-)("x‘)

Wiim . {me | . lﬂul
(Ucen)as & | :“‘e oot /wx“(|-x4) tetts \/—mj(i-)(.)XJ

(UCkn)zs-jl“ul ‘W\J‘Ms (1-X4) 1 e_t,u,,/x (1-X4) __et.u, ’(l_x X
Mec W\|, Xd

( ‘o3 (1-xu)(1- x4)+e°‘=JI_)
(e“’m - et [x(1-24) ) (€' *2[ (- xuyxa - eios [xali-x) )
whow Xg = df/mys,

02 = Kua~Kygy = Tp=Tg =2 AT,
3= Kuz ~0ga= (Tu-Td)+(Tu-Td)= AT+ AC,

3y X ong

Note that m,/m, and m/m, are not sensitive to CKM matrix.



Numerical estimation

= We fix the quark masses by the observed masses.

= [wo component parameters x,, and x;and two phase
parameters o, and o, are left as free parameters.

= In our former paper, we find that if a, takes a value
as ap = 72 , there are the allowed region in the
dotted regions.

>
><O.9

0.85

12174 16 18 2 O8 4137 17 16 18
as a3




The contour lines on which the following equation is satisfied.

FeY (40 ha cnleTea) - GekrhaconTd T2 —=[48 € wom (AT 02) - BHOCot con 00 I
= (k) [ae Fr)*~ce ]

10 |

10 F




= [he additional conditions which come from the phases in the

charged lepton mass matrix.
~ 1 Lcoatelde,v)= Gonhucom(aT+Ta)~(34+K)u coa Td
Lo To(de,

(-kK)a.

~ 1 g entelde, )" (-k)C,

L L B B
s

olF

ok
b

! n ! n L ! L
.92 0.925 0.93 0.94 0.945 0.

<£+1 -9‘

4ok Cucoa{AU+04)- B+KICol con T
£+1 - '

1 Sol. (a)

04t ' ' '

02t J
0 -- |

0.2F 1

Zoomed
view

| Sol. (b)

Zoomed
view



) 3,(xlo? o
S = (3,|xlo" 3,5xl0% 3,6xlo?

o 3.6x 0% 1.0x005

(o) -2,0 o , © “2)5&‘0-' o
S, b— ("'2|0 ‘2.0&‘02 "'"l'?XIO) / A = 7 2.SX'°-' 0 lc'

o -6Tx0 | Sxfo* o -1 )

*=7.9x16"3, §=2.3x(0,93'=~-5,2, €= [.5x [0?

Sol. (b)

O 3.6 x (0 o
S = 3.6 x10* 1.3 x[0* 33x/0*
o 33x10% 1.4 xlo?
, o ~27x10"! o ) o 5.3 6
S = ""7.7)“0-' "I.GX (0 "‘.4)({0 ! A =Vl - 13 o -2:41(/0
0 ~{.$xt0 =3.7xt0 o 2,4 x(0 o)
o =%0x (073, § =10x(0% §=-93x(0, &=¢65x(0%



Our Strategy for new physics on phenomenology

= [he relationship of the quark and lepton mass matrices

s Can four-zero-texture mass matrix model reproduce the quark and lepton
mixing angles and CP violating phases?
PRD74:033014(2006)
“Jiopical'Seminar on Erontier of Particle Physics®, Beijing, China, Aug 2006

= Zero texture model and SO(10) GUT ; _
hep-ph/0702284. Submitted to JHEP, I will concentrate

“International Workshoep on/NeutrinorMass and Mixings?, this.
Univ: of Shizuoka, Japan, Dec 2006 (Tihe talk titles different)

m A possible origin ofi the CP violation due to Froggatt-Nielsen fields
We will'submit it soon:

= [he nature of the Higgs sector

s New physics search by helicity decomposition of heavy fermion pair-
production from W-boson fusion at the ILC
“Oth ACFA ILC Physics and Detector Workshop”, IHEP, Beijing, Febr 2007.

= [he nature of neutrino
= The phenomenology of high energy neutrino at IceCube.



