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Universal texture of quark and lepton mass matrices with an extended flavor £»+3 symmetry
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Against the conventional picture that the mass matrix forms in the quark sectors will take somewhat
different structures from those in the lepton sectors, on the basis of the idea that all the mass matrices of quarks
and leptons have the same texture, a universal texture of quark and lepton mass matrices is proposed by
assuming a discrete symmety and an extended flavor<23 symmetry. The texture is described by three
parametersincluding the phase paramekefhe neutrino masses and mixings are investigated according to this
ansatz.
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[. INTRODUCTION In the present model, we propose a universal texture of
quark and lepton mass matrices,
From the point of view of quark and lepton unification,
the idea that their matrix forms are described by a universal _
texture is very attractive. In particular, in contrast to the con- 0 e 1 0 0 0
ventional picture that the mass matrix forms in the quark ), —al e 0 0|+p |0 e 1
sectors will take somewhat different structures from those in
the lepton sectors, it is interesting to investigate whether or 1 0 0 0 1 1
not all the mass matrices of quarks and leptons can be de- (1.4
scribed in terms of the same mass matrix form as in the
EgggclingiaR;gireﬂt)é :ygﬁé;;gg dle;}?ar:/gsisgns]s::;gmdevlvhich is similar to the matrix1.1), but does not include the
- i Zis
try has been proposéd]. In the modelwe will refer to it as phenomenalogical phase matk3. [The phases™'¢ and

model | hereafter the quark and lepton mass matridds ¢ in the matr|>_< (1'4). are |_ntroduceq by an extended
. 2+ 3 symmetry which will be discussed in Sec. ]lin com-
are given by the texture

parison with model | where the textu(g.1) has five param-
(1)  etersar, by, X, 51— 65, and 85— 6%, the present model
(1.4 has only three parameteas, b;, and ¢, so that the
three mass eigenvalues can completely determine the three
parameters;, b;, and¢; . As a result, for example, we will

M¢=PMP;,

Where|\7lf is a real matrix with the form

0 1 1 0 0 O obtain the prediction
Mi=a/ 1 0 O|+b] 0 1 x
1 0 O 0 x 1 ms m
Vool ==+ = (1.5
0 as as b t
= ar by bex], 1.2
a; bx; by different from model 1, whergV,,| was given by|V.y|
=cos(;— 8,)/2, wheres, = &'~ 8¢, and the valuéV,,| was
andP; is a phase matrix defined by freely adjustable using the paramet&r— &,.
o In the next section, Sec. Il, we will give a brief review of
P;=diage'’1, €%, e'%), (1.3  model |, because the present model is closely related to

model I. In Sec. lll, by introducing an extended flavor3
[As seen in the expression in E(.2), the model is essen- symmetry, we will propose a new universal texture of the
tially based on a two Higgs doublet modehs we see inthe quark and lepton mass matrices and we will investigate
next section, model | can give interesting results in the quarlguark mass matrix phenomenology. In Sec. 1V, we will dis-
and lepton mass matrix phenomenology. However, in theuss the neutrino mass mati#, on the basis of the new
model, 2-3 symmetry was required only for the mass ma-universal texture. Predictions of 886, and|(V,).4? are
trix M¢, not for the fieldsy, ;. The phase matri®; in Eq.  given only in terms of the charged lepton mass ratios, inde-
(1.2), which breaks the 2:3 symmetry, has been introduced pendently of the parameters iM,. Predictions of R
from a phenomenological point of view. =Am2,,,/Am2,,, and takf,,, depend on two adjustable
parameters itM ,. We will give predictions for some typical
values of the parameters. Finally, Sec. V is devoted to a
*Email address: koide@u-shizuoka-ken.ac.jp summary and discussion.
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Il. TWO HIGGS DOUBLET MODEL
WITH A Z3; SYMMETRY

Such an optimistic scenario in a multi-Higgs-doublet model
is indeed possible, and an example can be found, for ex-
ample, in Ref[3].

The Hermitian matrixH=MM" is diagonalized by a uni-
tary matrixU, as

In the present section, we give a brief review of model |
[1].

We assume that under a discrete symmé&ithe quark

and lepton fieldsy, , which belong to 10, 5, , and % of U/HU =diagm?,m3,m3), (2.5
SU(5) (1. =vg), are transformed as
U =PR, (2.6
b=, Ya— oo, Yy— s, 2.1
, c S 0
where w=e?73, [Although we use the terminology of
SU(5), at present, we do not consider the (SJugrand unifi- _is ic _i
cation] Then the bilinear termsyiUg;, duidrj, €LivR;, R= V2 2 V2 |, 2.7
€Lierj, and vgvg; [vR=(vR)®=Crg' and vi=(vg)] are 1 1 1
transformed as follows: s —¢c —
V2o V2 2
1 0
0’ o o], (2.2 ) my m;
2 s=sing= , C=cosf= ,
w0 0 o m;+m, m;+m;
(2.9
Therefore, if we assume two $2) doublet Higgs scalard 5
andHg, which are transformed as 1
—m1=5[b(1+x)—\/8a2+b2(1+x)2],
HA—>(J)HA, HB—>(,U2HB, (23)
1
we obtain the mass matrix form m,= E[b(l+x)+ V8a2+b?(1+x)?],
0 a, al, 0 0 o0 2.9
M=[al, 0 0 |(HQ)+[0 by bi|(HY). ma=b(1—x),
f f f
a 0 O 0 by b
13 23 738 (2.4) wherea, b, andx are real parameters given in E4..2) [1].

In addition to theZ; symmetry, we assume a23 symme-

try for the matrixM; which is given by Eq(1.2). (The 23
symmetry does not mean the permutations2 symmetry

for the fieldsy,, and, .) Hereafter, for simplicity, we will

sometimes drop the indéxand denote’(HS) andb(HY)

as a; and by, respectively. Then we obtain the universal

When we considerm;>m,>m,, we can obtain the
Cabibbo-Kobayashi-Maskaw@&KM) [4] matrix V,

V:UILUdL: RIPRd

CuCytPSuSy CuSq—pPSuCq — TSy

=| s,Cq—pCuSy SuSq+pCuCq OCy

, (210

— 0S4 ogCy p

texture (1.1) with Eq. (1.2) for the quark and lepton mass
matrices.

Since the present model has two Higgs doublets horizo
tally, flavor-changing neutral currentECNCS9 are, in gen-
eral, caused by the exchange of Higgs scalars. However, this
FCNC problem is a common subject to be overcome not
only in the present model but also in most models with two
Higgs doublets. The conventional mass matrix models based
on a grand united theory GUT scenario cannot give realistic
mass matrices without assuming more than two Higgs sca-
lars[2]. In addition, if we admit that two such scalars remain
until the low energy scale, the well-known beautiful coinci- 2 2
dence of the gauge coupling constants.at 10'° GeV will (.13
be spoiled. For these problems, we optimistically consider
that only one component of the linear combinations amongvhere we have taked; =0 without losing generality. The
those Higgs scalars survives at the low energy sqale result (2.10 leads to the following phase-parameter-
=m;,, while the other component is decouplediat: My . independent predictior$]:

nwhere

P=P!P,=diage'’:,e'%2,e %), (2.1
83— &

2 expi| 22222
> exp

2 1

1 )
p= E(e“53+ e'%)=cos
(2.12

53_52 53"’ 52 77)

2

1 :
o= E(e'53—e'52)=sin expi =
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Vup|  Su my
—|=—=1/—=0.0586:0.0064, (2.14
Veo|  Cy Me

th Sd md

== —=0.224+0.014,

Vts Cqd Mg

(2.19

where we used the valu¢8] at u=m; as the quark mass
values. Although the predictiof2.14) is somewhat small
compared with the observed valygd] |V ,/V.d=(3.6

+0.7)X10 %/(4.12+-2.0)X 10 >=0.087, the prediction
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instead of the relatio2.10. The new CKM matrix(2.20
predicts

(2.21

5 —
[Veo =Ipl =cos—5—,
instead of the old predictiofV | =sin(5;— &,)/2. In order to
give the observed valup/,|=0.0412, we must take,
—8,=m—¢& with £=4.27°. In the mass matrix forr(iL.1),
the phase matri®; has been introduced as a measure of the
phenomenological 2 3 symmetry breaking(We have as-
sumed that the 2:3 symmetry is broken only by the phase

(2.10 is satisfactory, roughly speaking. For the neutrinoParameters.Therefore, it is natural to consider that these

mass matrixM ,,, by taking 53— 8,= 7/2, we can obtaifl]
a satisfactory prediction of the lepton mixing matrik,
= UlUV with a nearly bimaximal mixing.

phase parameteﬁ;r show that 5if|<1. What is the origin of
such a large valu@s— 8,=7?

On the other hand, very recently, it was pointed out by Ill. UNIVERSAL TEXTURE OF QUARK AND LEPTON

Matsuda and Nishiur48] that if we assign the up-quark
masses asi,;,M,2,My3) = (M, ,m;,m;) (they called it type
B) in contrast to the assignment mg;,mgys,My3)
=(myg,ms,my) (type A in the mass eigenvaludg.9), then
we can obtain the phase-parameter-independent relations

Vub Su m, —3
—|=—=1/—=(36+05x10"%, (2.1
Vlb Cy m;

Ved  Sd My
—|=—=1/—=0.224+0.014, (2.1
Ves|  Cd Ms

instead of the relation§.14) and (2.15. (We will refer to
this model as model I}.The relation(2.16) is in excellent
agreement with the observed val{ig] |V,,|=(3.6+0.7)
X 1073, because we know théV,,|=1. The relation2.17

is consistent with the well-known relatiod9] |V,4

=+my/mg, because we know thatV.J=1 and |V 4|

2|VLIS|'

tween the up- and down-quark masses?

Thus, the new assignment of the quark masses by Mat-
suda and Nishiura seems to be favorable phenomenolo

cally. However, what causes this different assignment be-

g

MASS MATRICES

Stimulated by model I[8], in the present section, let us
speculate on a new universal texture of the quark and lepton
mass matrices.

We consider that the different assignment between the up-
and down-quark masses in model Il is caused by the differ-
ence of the initial values of the parameters b, andc;
between the up-and down-quark sectors in the textl®.

In fact, the mass hierarchigs;>m,>m,; or my,>mg>m;
occur according ag;<0 or x;>0, respectively, fob;>a;
>0. Therefore, in order to give the assignment
(my,m,,mz)=(m,,m;,m;), we take the up-quark mass ma-
trix M as

01 1 0 0 0
My=a,/ 1 0 0|+b,| 0 1 1-&],
1.0 0 0 1-¢ 1

(3.

where we have put;=1—¢&; (&; is a small positive param-
etep. Similarly, if we want to give ny,my,ms)
(my,mg,my), we should take

When this inverse assignment is caused in the up-quark .

sector, the up-quark mixing matrld,, is given by

Uy=PyRyTas, (2.19
where
1 00
Ty=|0 0 1, (2.19
0 1 0
so that the CKM mixing matri¥/ is given by
CuCyqt PSSy CuSq—pPSuCq —0Sy
V=TxR]PRy=| —0Sq oCy p |,
SuCq—pPCuSq SuSqt+pPCuCq OCy
(2.20

01 1 0 0 0
=ag|1 0 Of+p0 1 —(1-&)
1.0 0 0 —(1-&) 1

(3.2

From Egs.(3.1) and(3.2), the following general form oM
is suggested:

0 ag ag
Mi=| as by (1-£pbe | (3.3
ar (1—¢&)be'Pr b¢

On the other hand, we must consider the origindaf
— 8,=1r, which is required in Eq(2.21) in model II. There-
fore, we extend the flavor<23 symmetry which is gener-
ated by the operatdf,; [EqQ. (2.19] to a generalized 2:3
symmetry which is generated by
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1 0 0 ) p
_ —bl \/co2= + 2k2— cos—
T¢={0 0 e'*], (3.9 my=b co§2 +2k cos_ |,

0 ¢ 0

as m2=b( \/cos’-f+2k2+cosf),
2 2

TEM(TS) =M. (3.5 (3.12

(In the present model, too, we assume that the mass nMtrix )
is symmetric, i.e.MT=M.) The requiremen(3.5) leads to mg=2bsin=,
the relations
wherek=a/b. Inversely, from Eq(3.12), we can evaluate

Mp=Myge %, Map=Mze %, (3.6 the parametera, b, and ¢ as follows:
but the relative phases amoiy,3, M,3, andM ;5 are free. mem
Therefore, as a trial, we assume thdt;, Moz, and M a3 a= ! 2, (3.13
have the same phases, i.e., we assume the mass matrix form 2
0 ae ¢ a 1\/2—2
M=| ae'® be?2¢ (1-gb]|. 3.7 b= ZVmt(my—my)%, (3.19
a (1-¢b b
tans = e (3.15
wherea and b are positive parameters of the model. This an2 Com,—my )

mass matrixX3.7) can give a nearly bimaximal mixing as we
show in the Appendix. However, we still have four param-  The mixing matrixU for the matrixM is given by
eters in the mass matri.7). We would like to seek for a

model with a more concise structure. As we see in the Ap- P I )
pendix[Eq. (A5)], in order to give three different mass ei- =R-Plo7 =7 (3.19
genvalues, we may consider either a model with O or one
with §=0. However, if we take a model wit#h=0, we must ce ¢ ggmidl2
introduce an alternative phase factor in order to explain the
observedCP violation in the quark sectors. 1 . 1 1
In the present model, we simply assume a texture §ith N Tz = Tz
=0 in the texture(3.7): R= \/5 \/5 ‘/E ; 317
. 1 1 1
0 e 1 0 0 O s —c¢ =
M=al e’ 0 0]|+pl0 e? 1 V2o 2 V2
1 0 0 0 1 1 where the mixing matriX) has been defined by
0 ae’ a U™MU* =D=diag ) (3.18
. . =D=diag —m;,m,,mj). .
| ae”'* pbe ¥ b, (3.9 L
a b b Therefore, the mixing matrik) for the matrixM is given by
i.e., we have assumed a democratic form except for the , _ B N B PN
phases. It is convenient to rewrite the text(8ed) as U=P(0, =¢,0-U=P(0, ~¢,0)-R P( 4’4 4
N (3.19
M=P(0, —¢,0)-M-P(0, — ¢, 0), (3.9 _ i
In order to give the phenomenological valdg— d,=
where —¢ in model Il, we assume
0 a a du=ey, Pa=T— ey, (3.20
M=| a b be? |, (310  which lead to the mass assignmentsn,{,m;,,m,s3)
a bd? b =(my,m,,my) and [My;, Mgz, My3) = (My, Mg, M), respec-
- tively. Then we obtain
P(48y,68,,8;)=diage'’1,e'% e %), (3.11)

The matrixM (alsoM) has the following eigenvalues:

093001-4



UNIVERSAL TEXTURE OF QUARK AND LEPTON MASS . ..

PHYSICAL REVIEW D 69, 093001 (2004

TABLE |. Parameter values evaluated from the quark mass valugs-am, . For reference, in addition
to those in the present model wigh=0, those in model l(with ¢ =0) are listed.

M u M d M e
(mlrm21m3) (muvmtvmc) (mdva!mb) (me1mp.1m7')
Model a/b 0.00507 0.00986 0.00572
with € ey= ¢y eq=T— ¢y £o=T— ¢
£=0 —0.00748 (0.429°)  =0.0591 (3.39°)  =0.117 (6.70°)
90.5 GeV 1.50 GeV 0.875 GeV
Model a/b 0.00506 0.00958 0.00541
with ¢ 0.00745 0.0574 0.111
£=0 b 90.2 GeV 1.54 GeV 0.924 GeV
L (m oeg m oeq w e IV. NEUTRINO MASS MATRIX
Ua=P(0, 724, 0)-Rq: P(Z T 23 a4 4) Now let us investigate the lepton sectors under the ansatz

(3.22

so that we obtain the CKM matrix
V=T,UlUyq

_ _fu_Fu fu) ot -
T23P 4" 4°' 4 Ru P(Oaﬂ- 8d+8wo)

: (3.23

(1.4). We again consider that the charged lepton mass matrix
M. is given by the texturél.4) with ¢.=7—¢&,. as well as
Mg. In model |, the phenomenological paramesigr- 5, in
the lepton sector was required &g— d,= /2. This sug-
gests¢,= /2 in the present model. At present, there is no
reason that we should take,= 77/2. However, from the phe-
nomenological point of view, it is worth investigating the
possibility ¢, = /2.

When we consider that the neutrino masses are generated
by the seesaw mechanigi0], the neutrino mass matrix ,,
is given byM ,=MpM;'M [, whereM is a Dirac neutrino
mass matrix andMig is a Majorana mass matrix of right-
handed neutrinosg;. Although the origin of the mass gen-

which essentially gives the same results as the mixing matrigration ofMp is different from that ofM,, M4, M., and

(2.20 in model 1l (but with §,— 83=m—e4+¢,) as far as

Mp, which are generated by Higgs scalars of SY(&pu-

|V;;| are concerned. In addition to those predictions, we cailet, since the texturél.4) is based on the properties of

obtain the new prediction

ba— by . gqtey

flavors ofu g, d/r, €r, and v g, it is likely that the
Majorana mass matrik g also has the same texture as the
Dirac mass matriMp. However, note that, even if we as-

|Vcql=cos 5 =sin— (3.24  sume that the mass matricks, and My are given by the
texture (1.4), in general, the matrisMpMz*M[, does not
) . take the texturgl.4). Only when we considepp = ¢ does
Since, from the formul&3.15, we obtain the expression oMMz *M [ become a little simplefIn
order thatMpMz*M] has the texturél.4) completely, the
tanﬂz Me _Me (3.25 parameter values have to satisfy the relatioms/ag
2 m-m, m’ ' =bp/bg and ¢p=¢gr.] In the present paper, we assume
only that ¢p=¢r=¢, and we do not assumep/ag
=hp/bg. Then we obtain
gq Mg—Myg Mg
BNy Ty my (3.26 M,=MpMg M]
. 1 1
we can predict =¢l(®f2-mzte)p| — 5t 577—8,—%,0)
Vel = 2+ 0,033 3.2 -I\7I-P<—E¢ T 0) 4.
Vel = 1o+ 1 =0 (327 3t T8 =40, -
] 0 a
by using the quark mass valug8] at wu=m;. The value .
(3.27 is somewhat smaller compared with the observed M=|a b be?|, (4.2)
value[7] |V q/=0.0412+ 0.0020, but it is roughly in agree- a bd?
ment with the experimental value. For reference, the param-
eter values ofa, b, ande¢ that are estimated from the ob- a2
served quark masses at=m; are listed in Table I. a= a—R, 4.3
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by ¢, | b,
=2 sin— 1+r2coft—,
b 2 2

(4.9
R
apb apbg)\?
r=22"—| 28| (4.5
bpag |bpag
tane=r cot%, (4.6)
b=m—2¢. 4.7

Now, we assumep,= /2 and ap/bp<<ag/bg (i.e., r
<1), so that we obtain

tane=r. (4.8
Since the mixing matricesl, andU, are given by
. 1 1 1
Ue,=P(0, = ¢¢, 0)-Re- P Z¢ev Z¢ev - Z¢e )
4.9

U —eite-mazp(E __ _Tol & .p E(% E[f, _1(},
L 4 i 2, v 4 14 ’ 4 ’

(4.10
where=m—¢,, ¢=m—2¢, andR, andR, are given by

Eqg. (3.17), the lepton mixing matrixV€=U];|_UV,_ is ex-
pressed as follows:

CeC,E %1+ pS.S, CeS,e'%1—ps.c, — oS,
Vo= SeC,8%1—pCes, Se5,€%1+pcC, aCe |,
—0s, ocC, p
(4.11
where
Me m,
Se_ 1 Ce: 1 (412
m,, +me m,,+me
mvl mV2 (4 13)
s,=\/| ——, c¢,=\/—, .
mv2+mvl mv2+mvl
™ d Pe
Si=——e+ = — =, 4.1
177 5 (4.14

andp and o are defined by Eqg92.12 and (2.13 with &,

=¢.— m=¢e.,— w2 and 53=0. Exactly speaking, the mix-

ing matrixV, is given by

1

) 1 1
V€:e|(87/4)/2P< - Zd’ea - Z(f’ev Zd’e)

. 1. 1. 1.

PHYSICAL REVIEW D69, 093001 (2004

wheref/} in the expressiori4.15 is defined byV, in Eg.
(4.11). As far as the magnitudes o¥/();; are concerned, we

can drop the phase factoe&® ™ "2p(— 1 ¢, — Lo, L o)

and P( ¢, 1, — 1 ). Of course, when we deal with neu-
trinoless double beta decay,GP violation process, and so
on, we must take exactly those phase factors into consider-
ation. For a time, since we discuss i, and takfsq)a;,
we neglect these phase factors.

For sirf26,.,, we obtain

SIMP20am=4(V¢) 242[(V () 3d*=4| ]| p| *c3

_ My cof T )
_mM+mesmz 5>~ %e
M, nk
=1-_=-4 =0.98. (4.16
" T
We also obtain

me m

[(V)14%=]0|?s2= om, 1—2m‘:)=o.0021. (4.17)

These values4.16) and (4.17) are consistent with the ob-
served value$l1,12.

For tarffs,1,,, We obtain results as follows. Note that in
the expression \(;);; (i,j=1,2) given by Eq.(4.1)), the
phase of the first term relative to the second tefiat (53
+8,)/2, is given by

s O3+, [m 1A+1 1 ’7T+ —0
1T Ty T\ 7T g% a% 7| T2 %0
(4.18
so that we can write\(;);; as
(Vo)1= (ceC,t | plses, e, (4.19
(Ve)12= (Ces,— [plsec, )€™, (4.20

and so on. Therefore, we obtain

[(V)1d? s,/c,—|p|se/Ce N
tanzasolar: = I el
(V)2 \1+]pl(se/ce)(s,/c,) c,
mvl
“my, (4.21)

for s,/c,=vm, /m,;>s./ce=+\m./m,. (The alternative
cases,/c,<s./c, is ruled out because it leads to a very
small value of taffq)q;-)

For Am?,,,, and Am2,,,, from Eq. (3.12 with ¢=¢
= —2¢, We can obtain

Am3,=mi—m?=4bZsine \sirfe +2k?,  (4.22
3 1
Ami,=mi—m3=4b?| 1— —sirfe — —k?
2 2
— 2 sine \sirfe + 2k? |, (4.23

093001-6
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TABLE Il. Values tarff.,,, andm,,; (i=1,2,3) for typical value ok=k/sine.

X m,; /m,,=tarf fsqar Iog=M,, /M3 m,; (eV) mw2 (eV) mu3 (eV) tane
2 1/2=0.5 0.188 0.0048 0.0096 0.0509 0.094
V2 (3—/5)/2=0.382 0.177 0.0034 0.0090 0.0508 0.109
\/3/2 1/3=0.333 0.174 0.0029 0.0088 0.0508 0.116
wher
ere M., R )
a  —apbg m,s 1—tarf g, .+ R
k= B = \/E cose, (4.24) v solar
brar The mass values,; in Table Il were obtained from
so that we predict 2
Amatm
Amgl mV3: 1 r2 ’ (432
R=——~=sins Vsir’s + 2k?, (4.25 23
Amg, M,,="3M,3, andm,;=m,,tarff.... The value of tar

for smalle? andk?. On the other hand, from Eq.13 and
(3.14 [i.e., tans=(m,,—m,;)/m,3], we obtain

a \/ 2m1/1m1/2 \/— V mvl/mVZ
k=—— 2
b Meg+(m,,—m,;)?

sing
1-my,/m,,
(4.26
Therefore, if we give a value
_ K 4.2
~ sing’ (4.29

we can obtain the value oh,,/m,, as follows:

1
tarf Osgjar= — = —2(1+x2— V1+2x%). (4.28
X

m,
m,;

In the present model, since the valueRéEAm3,/Am3,
depends on the parametersandx, the value of taffq) s

in Table Il has been estimated, not from the approximate
relation (4.25, but from the exact relation

m,, m,
tane = — (1— -

_) =ryy(1— tan2asolar)- (4.33

v3 v2

V. SUMMARY

In conclusion, we have proposed a universal text(ré)
for quark and lepton mass matrices. The mass matriis
invariant under the extended flavor-23 permutationT%,
[Eq. (3.4)] asT%LM(TS) =M. In addition, the matrix ele-
mentsM;; (i=2,3) are exactly democratic apart from their
phases, i.e.,

0 e 1 0O 0 o0
Mi=ag| €' 0  O|(HQ)+bg| 0 e 2 1
1 0 O o 1 1

X(HY). (5.0

cannot be predicted from the charged lepton masses only. [h€ mass matribM is described by two parameteds and

other words, if we give the valu€® and tak g, ,,, We can

determine the valuesande (k ande), so that we can also

determine the value af,;, m,,, andm,;. In Table I, we
list the numerical predictionsm,;/m,,=tarffs,, and
(m,;,m,,,m,3) for typical values ofx=k/sine, where we
have used the input valu¢$2—14

6.9x107° eV?

= =276x107%
2.5x10°°% eV?

(4.29

obs

andAmZ,,=2.5x10 2 eV2. The valuem,,/m,, in Table II
has been evaluated from E@.26). From the relation

R= (E) 21_ (tal’]2950|ar)2
m,3 1_(mv2/mv3)2 ,

(4.30

we obtain

a/b, as far as the mass ratios and mixings are concerned.
For quark sector$/, andM,, we take the parametef
as ¢,=e, and ¢4=mT— &4, respectively, where, and ey
are small positive parameters. Then, we can obtain success-
ful relations for the CKM mixing parameters in terms of
guark masseg.Note that, in models | and Il, the value of
[Vcol is given by a phenomenological parametég< 8,)
independently of the quark mass ratios, while, in the present
model,|V,| is given in terms of quark mass ratios as shown
in Eq. (3.27).] For the charged lepton mass mathik,, we
take ¢po=m— ¢, as well as¢py=7m—¢e4, While, for the neu-
trino mass matrixM ,,, we take¢,= /2 in order to give a
nearly bimaximal mixing. The neutrino mass mathk, is
described by two parametessandk=a/b. The predictions
Sirf26,,m and |(V,) 142 are given only in terms of charged
lepton masses independently of the parameteendk, as
shown in Eqs(4.16) and(4.17). These predictions are favor-
able to the data. On the other hand, the quantitiesgtap,,,
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R=AmZ,,/AmZ,,, andm, (i=1,2,3) are dependent on 1
the parameters andk in the neutrino mass matrid . In m; = E(VDZJr 8k*—p)b,
Table 1l, we have listed the predictions for typical values of
x=Kk/sine. 1
Although we have take.= 7— ¢, for the charged lep- _ 2 a2
ton sector, it is not essential. If we talkk,=e, as well as M= E( p=+8k“+p)b, (AS)
¢, the results for the neutrino mixing are substantially un-
charged [e.g., Egs. (4.16 and (4.17 become merely ms=qb
SiP20,m=1—me/m. and |(V,)13%=ms/2m_, respectively. s
However, the choiceb,= 7/2 is essential. If we choose an- s s s
other value of¢,, we cannot obtain sf@6,,~1. It is an 0=R. p< SR _), (AB)
open question why we must chooge= 7/2 only for the 2" 272
neutrino sector. _ _
Since as seen in Table | the parameter valueg ¢and ce? sd? 0
a/b) that are determined from the observed fermion masses 1 1 1
are different from each othdr.e., a,#dy, b.#by, and ¢, s —¢ -——
# ¢4), the present model cannot be applied to a grand uni- R= V2 2 J2 , (A7)
fication theory model straightforwardly. However, for ex-
ample, in an S(b) GUT model, with matter fields $ 10 _ is ic i
+5'+5’ [15], we can consider a$55’ mixing. Therefore, V2 2 V2
the problem that the parameter values are not universal is not
a very serious defect even for a GUT model. Because of th@herek=a/b,
simplicity of the texture(1.4) with few parameters, it is
worthwhile taking the present universal texture seriously. P
p2=§2+4(1—§)cos’-§, (A8)
APPENDIX
It is convenient to rewrite the mass matrix 5 2 )
‘ o’=¢ +4(1—§)S|n2§, (A9)
0 ae '¢ a
M=| ae'? be #’ (1-£)b (A1) (1-&)sing
1— b b tand=— ————~——, (A10)
a (1=-9 1+(1—&)cose
as . - ,
and the mixing matriXJ is defined by
M=P(0, —¢,0)-M-P(0, — ¢, 0), (A2) o
UT™U* =D=diag —m;,m,,ms). (A11)
where
P(8,,5,,85) =diag e'%1,e1%2,6i%3), (A3) Therefore, the mixing matrix for the matrixM is given by
N . S &6 6
(0 a a U=P(0, —,0)-0=P(0, - $,0)-R- P —5,—5,5).
a (1-¢bée? b

_ o . If we put ¢=0, then the result§A5)—(A10) become
The eigenvaluesn; and mixing matrixU of the mass those in models | and Il. The modl.4) in the present paper

matrix M are as follows: corresponds to one wité=0.
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