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Universal texture of quark and lepton mass matrices with an extended flavor 2̂ 3 symmetry
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Department of Physics, University of Shizuoka, 52-1 Yada, Shizuoka, 422-8526 Japan

~Received 16 December 2003; published 5 May 2004!

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 symmetryZ3 and an extended flavor 2↔3 symmetry. The texture is described by three
parameters~including the phase parameter!. The neutrino masses and mixings are investigated according to this
ansatz.
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I. INTRODUCTION

From the point of view of quark and lepton unificatio
the idea that their matrix forms are described by a unive
texture is very attractive. In particular, in contrast to the co
ventional picture that the mass matrix forms in the qu
sectors will take somewhat different structures from those
the lepton sectors, it is interesting to investigate whethe
not all the mass matrices of quarks and leptons can be
scribed in terms of the same mass matrix form as in
neutrinos. Recently, a quark and lepton mass matrix mo
based on a discrete symmetryZ3 and a flavor 2↔3 symme-
try has been proposed@1#. In the model~we will refer to it as
model I hereafter!, the quark and lepton mass matricesM f
are given by the texture

M f5PfM̂ f Pf , ~1.1!

whereM̂ f is a real matrix with the form

M̂ f5afS 0 1 1

1 0 0

1 0 0
D 1bfS 0 0 0

0 1 xf

0 xf 1
D

5S 0 af af

af bf bfxf

af bfxf bf

D , ~1.2!

andPf is a phase matrix defined by

Pf5diag~eid1
f
, eid2

f
, eid3

f
!. ~1.3!

@As seen in the expression in Eq.~1.2!, the model is essen
tially based on a two Higgs doublet model.# As we see in the
next section, model I can give interesting results in the qu
and lepton mass matrix phenomenology. However, in
model, 2↔3 symmetry was required only for the mass m
trix M̂ f , not for the fieldsnLi . The phase matrixPf in Eq.
~1.1!, which breaks the 2↔3 symmetry, has been introduce
from a phenomenological point of view.
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In the present model, we propose a universal texture
quark and lepton mass matrices,

M f5afS 0 e2 if f 1

e2 if f 0 0

1 0 0
D 1bfS 0 0 0

0 e22if f1 1

0 1 1
D ,

~1.4!

which is similar to the matrix~1.1!, but does not include the
phenomenological phase matrix~1.3!. @The phasese2 if and
e22if in the matrix ~1.4! are introduced by an extende
2↔3 symmetry which will be discussed in Sec. III.# In com-
parison with model I where the texture~1.1! has five param-
etersaf , bf , xf , d1

f 2d2
f , and d2

f 2d3
f , the present mode

~1.4! has only three parametersaf , bf , andf f , so that the
three mass eigenvalues can completely determine the t
parametersaf , bf , andf f . As a result, for example, we wil
obtain the prediction

uVcbu.
ms

mb
1

mc

mt
, ~1.5!

different from model I, whereuVcbu was given by uVcbu
5cos(d32d2)/2, whered i5d i

u2d i
d , and the valueuVcbu was

freely adjustable using the parameterd32d2.
In the next section, Sec. II, we will give a brief review o

model I, because the present model is closely related
model I. In Sec. III, by introducing an extended flavor 2↔3
symmetry, we will propose a new universal texture of t
quark and lepton mass matrices and we will investig
quark mass matrix phenomenology. In Sec. IV, we will d
cuss the neutrino mass matrixM n on the basis of the new
universal texture. Predictions of sin22uatm and u(V,)13u2 are
given only in terms of the charged lepton mass ratios, in
pendently of the parameters inM n . Predictions of R
5Dmsolar

2 /Dmatm
2 and tan2usolar depend on two adjustabl

parameters inM n . We will give predictions for some typica
values of the parameters. Finally, Sec. V is devoted to
summary and discussion.
©2004 The American Physical Society01-1
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II. TWO HIGGS DOUBLET MODEL
WITH A Z3 SYMMETRY

In the present section, we give a brief review of mode
@1#.

We assume that under a discrete symmetryZ3 the quark
and lepton fieldscL , which belong to 10L , 5̄L , and 1L of
SU~5! (1L5nR

c ), are transformed as

c1L→c1L , c2L→vc2L , c3L→vc3L , ~2.1!

where v5e2ip/3. @Although we use the terminology o
SU~5!, at present, we do not consider the SU~5! grand unifi-
cation.# Then the bilinear termsq̄LiuR j , q̄LidR j , ,̄LinR j ,
,̄LieR j , and n̄Ri

c nR j @nR
c 5(nR)c5CnR

T and n̄R
c 5(nR

c )] are
transformed as follows:

S 1 v2 v2

v2 v v

v2 v v
D . ~2.2!

Therefore, if we assume two SU~2! doublet Higgs scalarsHA
andHB , which are transformed as

HA→vHA , HB→v2HB , ~2.3!

we obtain the mass matrix form

M f5S 0 a12
f a13

f

a12
f 0 0

a13
f 0 0

D ^HA
0&1S 0 0 0

0 b22
f b23

f

0 b23
f b33

f
D ^HB

0&.

~2.4!

In addition to theZ3 symmetry, we assume a 2↔3 symme-
try for the matrixM̂ f which is given by Eq.~1.2!. ~The 2↔3
symmetry does not mean the permutation 2↔3 symmetry
for the fieldsc2L andc3L .) Hereafter, for simplicity, we will
sometimes drop the indexf and denoteaf^HA

0& andbf^HB
0&

as af and bf , respectively. Then we obtain the univers
texture ~1.1! with Eq. ~1.2! for the quark and lepton mas
matrices.

Since the present model has two Higgs doublets horiz
tally, flavor-changing neutral currents~FCNCs! are, in gen-
eral, caused by the exchange of Higgs scalars. However,
FCNC problem is a common subject to be overcome
only in the present model but also in most models with t
Higgs doublets. The conventional mass matrix models ba
on a grand united theory GUT scenario cannot give reali
mass matrices without assuming more than two Higgs s
lars @2#. In addition, if we admit that two such scalars rema
until the low energy scale, the well-known beautiful coinc
dence of the gauge coupling constants atm;1016 GeV will
be spoiled. For these problems, we optimistically consi
that only one component of the linear combinations amo
those Higgs scalars survives at the low energy scalem
5mZ , while the other component is decoupled atm,MX .
09300
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Such an optimistic scenario in a multi-Higgs-doublet mod
is indeed possible, and an example can be found, for
ample, in Ref.@3#.

The Hermitian matrixH5MM† is diagonalized by a uni-
tary matrixUL as

UL
†HUL5diag~m1

2 ,m2
2 ,m3

2!, ~2.5!

UL5PR, ~2.6!

R5S c s 0

2
1

A2
s

1

A2
c 2

1

A2

2
1

A2
s

1

A2
c

1

A2

D , ~2.7!

s5sinu5A m1

m11m2

, c5cosu5A m2

m11m2

,

~2.8!

2m15
1

2
@b~11x!2A8a21b2~11x!2#,

m25
1

2
@b~11x!1A8a21b2~11x!2#,

~2.9!

m35b~12x!,

wherea, b, andx are real parameters given in Eq.~1.2! @1#.
When we considerm3.m2.m1, we can obtain the
Cabibbo-Kobayashi-Maskawa~CKM! @4# matrix V,

V5UuL
† UdL5Ru

TPRd

5S cucd1rsusd cusd2rsucd 2ssu

sucd2rcusd susd1rcucd scu

2ssd scd r
D , ~2.10!

where

P5Pu
†Pd5diag~eid1,eid2,eid3!, ~2.11!

r5
1

2
~eid31eid2!5cos

d32d2

2
expi S d31d2

2 D ,

~2.12!

s5
1

2
~eid32eid2!5sin

d32d2

2
expi S d31d2

2
1

p

2 D ,

~2.13!

where we have takend150 without losing generality. The
result ~2.10! leads to the following phase-paramete
independent predictions@5#:
1-2
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UVub

Vcb
U5 su

cu

5Amu

mc

50.058660.0064, ~2.14!

UVtd

Vts
U5 sd

cd

5Amd

ms

50.22460.014,

~2.15!

where we used the values@6# at m5mZ as the quark mas
values. Although the prediction~2.14! is somewhat smal
compared with the observed value@7# uVub /Vcdu5(3.6
60.7)31023/(4.1262.0)31022.0.087, the prediction
~2.10! is satisfactory, roughly speaking. For the neutri
mass matrixM n , by takingd32d25p/2, we can obtain@1#
a satisfactory prediction of the lepton mixing matrixV,

5Ue
†Un with a nearly bimaximal mixing.

On the other hand, very recently, it was pointed out
Matsuda and Nishiura@8# that if we assign the up-quar
masses as (mu1 ,mu2 ,mu3)5(mu ,mt ,mc) ~they called it type
B! in contrast to the assignment (md1 ,md2 ,md3)
5(md ,ms ,mb) ~type A! in the mass eigenvalues~2.9!, then
we can obtain the phase-parameter-independent relation

UVub

Vtb
U5 su

cu

5Amu

mt

5~3.660.5!31023, ~2.16!

UVcd

Vcs
U5 sd

cd

5Amd

ms

50.22460.014, ~2.17!

instead of the relations~2.14! and ~2.15!. ~We will refer to
this model as model II.! The relation~2.16! is in excellent
agreement with the observed value@7# uVubu5(3.660.7)
31023, because we know thatuVtbu.1. The relation~2.17!
is consistent with the well-known relation@9# uVusu
.Amd /ms, because we know thatuVcsu.1 and uVcdu
.uVusu.

Thus, the new assignment of the quark masses by M
suda and Nishiura seems to be favorable phenomeno
cally. However, what causes this different assignment
tween the up- and down-quark masses?

When this inverse assignment is caused in the up-qu
sector, the up-quark mixing matrixUuL is given by

UuL5PuRuT23, ~2.18!

where

T235S 1 0 0

0 0 1

0 1 0
D , ~2.19!

so that the CKM mixing matrixV is given by

V5T23Ru
TPRd5S cucd1rsusd cusd2rsucd 2ssu

2ssd scd r

sucd2rcusd susd1rcucd scu

D ,

~2.20!
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instead of the relation~2.10!. The new CKM matrix~2.20!
predicts

uVcbu5uru5cos
d32d2

2
, ~2.21!

instead of the old predictionuVcbu.sin(d32d2)/2. In order to
give the observed valueuVcbu50.0412, we must taked3
2d25p2« with «54.27°. In the mass matrix form~1.1!,
the phase matrixPf has been introduced as a measure of
phenomenological 2↔3 symmetry breaking.~We have as-
sumed that the 2↔3 symmetry is broken only by the phas
parameters.! Therefore, it is natural to consider that the
phase parametersd i

f show thatud i
f u!1. What is the origin of

such a large valued32d2.p?

III. UNIVERSAL TEXTURE OF QUARK AND LEPTON
MASS MATRICES

Stimulated by model II@8#, in the present section, let u
speculate on a new universal texture of the quark and lep
mass matrices.

We consider that the different assignment between the
and down-quark masses in model II is caused by the dif
ence of the initial values of the parametersaf , bf , andcf
between the up-and down-quark sectors in the texture~1.2!.
In fact, the mass hierarchiesm3.m2.m1 or m2.m3.m1
occur according asxf,0 or xf.0, respectively, forbf@af
.0. Therefore, in order to give the assignme
(m1 ,m2 ,m3)5(mu ,mt ,mc), we take the up-quark mass ma
trix Mu as

M̂u5auS 0 1 1

1 0 0

1 0 0
D 1buS 0 0 0

0 1 12ju

0 12ju 1
D ,

~3.1!

where we have putxf512j f (j f is a small positive param
eter!. Similarly, if we want to give (m1 ,m2 ,m3)
5(md ,ms ,mb), we should take

M̂d5adS 0 1 1

1 0 0

1 0 0
D 1bdS 0 0 0

0 1 2~12jd!

0 2~12jd! 1
D .

~3.2!

From Eqs.~3.1! and~3.2!, the following general form ofM̂ f
is suggested:

M̂ f5S 0 af af

af bf ~12j f !bfe
ib f

af ~12j f !bfe
ib f bf

D . ~3.3!

On the other hand, we must consider the origin ofd3
2d2.p, which is required in Eq.~2.21! in model II. There-
fore, we extend the flavor 2↔3 symmetry which is gener
ated by the operatorT23 @Eq. ~2.19!# to a generalized 2↔3
symmetry which is generated by
1-3
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T23
f 5S 1 0 0

0 0 e2 if

0 eif 0
D , ~3.4!

as

T23
f M ~T23

f !T5M . ~3.5!

~In the present model, too, we assume that the mass matrM
is symmetric, i.e.,MT5M .! The requirement~3.5! leads to
the relations

M125M13e
2 if, M225M33e

22if, ~3.6!

but the relative phases amongM13, M23, andM33 are free.
Therefore, as a trial, we assume thatM13, M23, and M33
have the same phases, i.e., we assume the mass matrix

M5S 0 ae2 if a

ae2 if be22if ~12j!b

a ~12j!b b
D , ~3.7!

where a and b are positive parameters of the model. Th
mass matrix~3.7! can give a nearly bimaximal mixing as w
show in the Appendix. However, we still have four para
eters in the mass matrix~3.7!. We would like to seek for a
model with a more concise structure. As we see in the A
pendix @Eq. ~A5!#, in order to give three different mass e
genvalues, we may consider either a model withf50 or one
with j50. However, if we take a model withf50, we must
introduce an alternative phase factor in order to explain
observedCP violation in the quark sectors.

In the present model, we simply assume a texture witj
50 in the texture~3.7!:

M5aS 0 e2 if 1

e2 if 0 0

1 0 0
D 1bS 0 0 0

0 e22if 1

0 1 1
D

5S 0 ae2 if a

ae2 if be22if b

a b b
D , ~3.8!

i.e., we have assumed a democratic form except for
phases. It is convenient to rewrite the texture~3.8! as

M5P~0, 2f, 0!•M̂•P~0, 2f, 0!, ~3.9!

where

M̂5S 0 a a

a b beif

a beif b
D , ~3.10!

P~d1 ,d2 ,d3!5diag~eid1,eid2,eid3!. ~3.11!

The matrixM̂ ~alsoM ) has the following eigenvalues:
09300
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m15bSAcos2
f

2
12k22cos

f

2
D ,

m25bSAcos2
f

2
12k21cos

f

2
D ,

~3.12!

m352b sin
f

2
,

wherek5a/b. Inversely, from Eq.~3.12!, we can evaluate
the parametersa, b, andf as follows:

a5Am1m2

2
, ~3.13!

b5
1

2
Am3

21~m22m1!2, ~3.14!

tan
f

2
5

m3

m22m1
. ~3.15!

The mixing matrixÛ for the matrixM̂ is given by

Û5R̂•PS f

4
,
f

4
,2

f

4 D , ~3.16!

R̂5S ce2 if/2 se2 if/2 0

2
1

A2
s

1

A2
c 2

1

A2

2
1

A2
s

1

A2
c

1

A2

D , ~3.17!

where the mixing matrixÛ has been defined by

Û†M̂Û* 5D[diag~2m1 ,m2 ,m3!. ~3.18!

Therefore, the mixing matrixU for the matrixM is given by

U5P~0, 2f, 0!•Û5P~0, 2f, 0!•R̂•PS f

4
,
f

4
,2

f

4 D .

~3.19!

In order to give the phenomenological valued32d25p
2« in model II, we assume

fu5«u , fd5p2«d , ~3.20!

which lead to the mass assignments (mu1 ,mu2 ,mu3)
5(mu ,mt ,mc) and (md1 ,md2 ,md3)5(md ,ms ,mb), respec-
tively. Then we obtain

Uu5P~0, 2«u, 0!•R̂u•PS «u

4
,

«u

4
, 2

«u

4 D , ~3.21!
1-4
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TABLE I. Parameter values evaluated from the quark mass values atm5mZ . For reference, in addition
to those in the present model withj50, those in model II~with «50) are listed.

Mu Md Me

(m1 ,m2 ,m3) (mu ,mt ,mc) (md ,ms ,mb) (me ,mm ,mt)

Model a/b 0.00507 0.00986 0.00572
with « «u5fu «d5p2fd «e5p2fe

j50 50.00748 (0.429°) 50.0591 (3.39°) 50.117 (6.70°)
b 90.5 GeV 1.50 GeV 0.875 GeV

Model a/b 0.00506 0.00958 0.00541
with j 0.00745 0.0574 0.111
«50 b 90.2 GeV 1.54 GeV 0.924 GeV
tr

ca

e
-
am
-

satz
trix

no

e
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-
-

f

he
-

e

Ud5P~0, p2«d, 0!•R̂d•PS p

4
2

«d

4
,

p

4
2

«d

4
, 2

p

4
1

«d

4 D ,

~3.22!

so that we obtain the CKM matrix

V5T23Uu
†Ud

5T23PS 2
«u

4
, 2

«u

4
,

«u

4 D •R̂u
†
•P~0, p2«d1«u, 0!

•R̂d•PS p

4
2

«d

4
,

p

4
2

«d

4
, 2

p

4
1

«d

4 D , ~3.23!

which essentially gives the same results as the mixing ma
~2.20! in model II ~but with d22d35p2«d1«u) as far as
uVi j u are concerned. In addition to those predictions, we
obtain the new prediction

uVcdu5cos
fd2fu

2
5sin

«d1«u

2
. ~3.24!

Since, from the formula~3.15!, we obtain

tan
«u

2
5

mc

mt2mu
.

mc

mt
, ~3.25!

tan
«d

2
5

ms2md

mb
.

ms

mb
, ~3.26!

we can predict

uVcbu.
ms

mb
1

mc

mt
50.033 ~3.27!

by using the quark mass values@6# at m5mZ . The value
~3.27! is somewhat smaller compared with the observ
value @7# uVcdu50.041260.0020, but it is roughly in agree
ment with the experimental value. For reference, the par
eter values ofa, b, and « that are estimated from the ob
served quark masses atm5mZ are listed in Table I.
09300
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IV. NEUTRINO MASS MATRIX

Now let us investigate the lepton sectors under the an
~1.4!. We again consider that the charged lepton mass ma
Me is given by the texture~1.4! with fe5p2«e as well as
Md . In model I, the phenomenological parameterd32d2 in
the lepton sector was required asd32d25p/2. This sug-
gestsfn5p/2 in the present model. At present, there is
reason that we should takefn5p/2. However, from the phe-
nomenological point of view, it is worth investigating th
possibility fn5p/2.

When we consider that the neutrino masses are gener
by the seesaw mechanism@10#, the neutrino mass matrixM n

is given byM n5MDMR
21MD

T , whereMD is a Dirac neutrino
mass matrix andMR is a Majorana mass matrix of right
handed neutrinosnRi . Although the origin of the mass gen
eration ofMR is different from that ofMu , Md , Me , and
MD , which are generated by Higgs scalars of SU(2)L dou-
blet, since the texture~1.4! is based on the properties o
flavors of uL/R , dL/R , eL/R , and nL/R , it is likely that the
Majorana mass matrixMR also has the same texture as t
Dirac mass matrixMD . However, note that, even if we as
sume that the mass matricesMD and MR are given by the
texture ~1.4!, in general, the matrixMDMR

21MD
T does not

take the texture~1.4!. Only when we considerfD5fR does
the expression ofMDMR

21MD
T become a little simpler.@In

order thatMDMR
21MD

T has the texture~1.4! completely, the
parameter values have to satisfy the relationsaD /aR
5bD /bR and fD5fR .] In the present paper, we assum
only that fD5fR[fn and we do not assumeaD /aR
5bD /bR . Then we obtain

M n5MDMR
21MD

T

5ei (fn/22p/21«)PS 2
1

2
fn1

1

2
p2«,2fn,0D

•M̂•PS 2
1

2
fn1

1

2
p2«,2fn,0D , ~4.1!

M̂5S 0 a a

a b bei f̂

a bei f̂ b
D , ~4.2!

a[
aD

2

aR
, ~4.3!
1-5
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b[
bD

2

bR

sin
fn

2
A11r 2cot2

fn

2
, ~4.4!

r[2
aDbR

bDaR
2S aDbR

bDaR
D 2

, ~4.5!

tan«5r cot
fn

2
, ~4.6!

f̂5p22«. ~4.7!

Now, we assumefn5p/2 and aD /bD!aR /bR ~i.e., r
!1), so that we obtain

tan«5r . ~4.8!

Since the mixing matricesUe andUn are given by

UeL5P~0, 2fe, 0!•R̂e•PS 1

4
fe ,

1

4
fe , 2

1

4
feD ,

~4.9!

UnL5ei («2p/4)/2PS 1

4
p2«,2

p

2
,0D •R̂n•PS 1

4
f̂,

1

4
f̂,2

1

4
f̂ D ,

~4.10!

wherefe5p2«e , f̂5p22«, andR̂e andR̂n are given by
Eq. ~3.17!, the lepton mixing matrixV,5UeL

† UnL is ex-
pressed as follows:

V,5S cecneid11rsesn cesneid12rsecn 2sse

secneid12rcesn sesneid11rcecn sce

2ssn scn r
D ,

~4.11!

where

se5A me

mm1me

, ce5A mm

mm1me

, ~4.12!

sn5A mn1

mn21mn1

, cn5A mn2

mn21mn1

, ~4.13!

d15
p

4
2«1

f̂

2
2

fe

2
, ~4.14!

and r and s are defined by Eqs.~2.12! and ~2.13! with d2
5fe2p5«e2p/2 andd350. Exactly speaking, the mix
ing matrix V, is given by

V,5ei («2p/4)/2PS 2
1

4
fe , 2

1

4
fe ,

1

4
feD

•V̂,•PS 1

4
f̂,

1

4
f̂, 2

1

4
f̂ D , ~4.15!
09300
whereV,̂ in the expression~4.15! is defined byV, in Eq.
~4.11!. As far as the magnitudes of (V,) i j are concerned, we
can drop the phase factorsei («2p/4)/2P(2 1

4 fe ,2 1
4 fe , 1

4 fe)

and P( 1
4 f̂, 1

4 f̂,2 1
4 f̂). Of course, when we deal with neu

trinoless double beta decay, aCP violation process, and so
on, we must take exactly those phase factors into consi
ation. For a time, since we discuss sin22uatm and tan2usolar ,
we neglect these phase factors.

For sin22uatm, we obtain

sin22uatm54u~V,!23u2u~V,!33u254usu2uru2ce
2

5
mm

mm1me
sin2S p

2
2«eD

.12
me

mm
24S mm

mt
D 2

50.98. ~4.16!

We also obtain

u~V,!13u25usu2se
2.

me

2mm
S 122

mm

mt
D50.0021. ~4.17!

These values~4.16! and ~4.17! are consistent with the ob
served values@11,12#.

For tan2usolar , we obtain results as follows. Note that
the expression (V,) i j ( i , j 51,2) given by Eq.~4.11!, the
phase of the first term relative to the second term,d12(d3
1d2)/2, is given by

d12
d31d2

2
5S p

4
2«2

1

2
f̂1

1

2
feD2

1

2 S 2
p

2
1feD50,

~4.18!

so that we can write (V,) i j as

~V,!115~cecn1urusesn!eid1, ~4.19!

~V,!125~cesn2urusecn!eid1, ~4.20!

and so on. Therefore, we obtain

tan2usolar5
u~V,!12u2

u~V,!11u2
5S sn /cn2uruse /ce

11uru~se /ce!~sn /cn! D
2

.S sn

cn
D 2

5
mn1

mn2
, ~4.21!

for sn /cn5Amn1 /mn2@se /ce5Ame /mm. ~The alternative
casesn /cn<se /ce is ruled out because it leads to a ve
small value of tan2usolar .)

For Dmsolar
2 and Dmatm

2 , from Eq. ~3.12! with f5f̂
5p22«, we can obtain

Dm21
2 [m2

22m1
254b2sin«Asin2«12k2, ~4.22!

Dm32
2 [m3

22m2
254b2S 12

3

2
sin2«2

1

2
k2

22 sin«Asin2«12k2D , ~4.23!
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TABLE II. Values tan2usolar andmn i ( i 51,2,3) for typical value ofx[k/sin«.

x mn1 /mn2.tan2usolar r 235mn2 /mn3 mn1 (eV) mn2 ~eV! mn3 ~eV! tan«

2 1/250.5 0.188 0.0048 0.0096 0.0509 0.09

A2 (32A5)/250.382 0.177 0.0034 0.0090 0.0508 0.10

A3/2 1/350.333 0.174 0.0029 0.0088 0.0508 0.11
y.

ate

ir

d.

ess-
of
f

ent
wn

d

-

where

k[
a

b
5A2

aD
2 bR

bR
2aR

cos«, ~4.24!

so that we predict

R[
Dm21

2

Dm32
2

.sin«Asin2«12k2, ~4.25!

for small«2 andk2. On the other hand, from Eqs.~3.13! and
~3.14! @i.e., tan«5(mn22mn1)/mn3], we obtain

k[
a

b
5A 2mn1mn2

mn3
2 1~mn22mn1!2

5A2
Amn1 /mn2

12mn1 /mn2

sin«.

~4.26!

Therefore, if we give a value

x[
k

sin«
, ~4.27!

we can obtain the value ofmn1 /mn2 as follows:

tan2usolar.
mn1

mn2

5
1

x2
~11x22A112x2!. ~4.28!

In the present model, since the value ofR[Dm21
2 /Dm32

2

depends on the parameters« and x, the value of tan2usolar
cannot be predicted from the charged lepton masses onl
other words, if we give the valuesR and tan2usolar , we can
determine the valuesx and« (k and«), so that we can also
determine the value ofmn1 , mn2, andmn3. In Table II, we
list the numerical predictionsmn1 /mn25tan2usolar and
(mn1 ,mn2 ,mn3) for typical values ofx5k/sin«, where we
have used the input values@12–14#

Robs5
6.931025 eV2

2.531023 eV2
52.7631022, ~4.29!

andDmatm
2 52.531023 eV2. The valuemn1 /mn2 in Table II

has been evaluated from Eq.~4.26!. From the relation

R5S mn2

mn3
D 212~ tan2usolar!

2

12~mn2 /mn3!2
, ~4.30!

we obtain
09300
In

r 23[
mn2

mn3

5A R

12tan4usolar1R
. ~4.31!

The mass valuesmn i in Table II were obtained from

mn35ADmatm
2

12r 23
2

, ~4.32!

mn25r 23mn3, and mn15mn2tan2usolar . The value of tan«
in Table II has been estimated, not from the approxim
relation ~4.25!, but from the exact relation

tan«5
mn2

mn3
S 12

mn1

mn2
D5r 23~12tan2usolar!. ~4.33!

V. SUMMARY

In conclusion, we have proposed a universal texture~1.4!
for quark and lepton mass matrices. The mass matrixM is
invariant under the extended flavor 2↔3 permutationT23

f

@Eq. ~3.4!# as T23
f M (T23

f )T5M . In addition, the matrix ele-
mentsMi j ( i 52,3) are exactly democratic apart from the
phases, i.e.,

M f5afS 0 e2 if f 1

e2 if f 0 0

1 0 0
D ^HA

0&1bfS 0 0 0

0 e22if f 1

0 1 1
D

3^HB
0&. ~5.1!

The mass matrixM is described by two parametersf and
a/b, as far as the mass ratios and mixings are concerne

For quark sectorsMu and Md , we take the parameterf
as fu5«u and fd5p2«d , respectively, where«u and «d
are small positive parameters. Then, we can obtain succ
ful relations for the CKM mixing parameters in terms
quark masses.@Note that, in models I and II, the value o
uVcbu is given by a phenomenological parameter (d32d2)
independently of the quark mass ratios, while, in the pres
model,uVcbu is given in terms of quark mass ratios as sho
in Eq. ~3.27!.# For the charged lepton mass matrixMe , we
takefe5p2«e as well asfd5p2«d , while, for the neu-
trino mass matrixM n , we takefn5p/2 in order to give a
nearly bimaximal mixing. The neutrino mass matrixM n is
described by two parameters« andk[a/b. The predictions
sin22uatm and u(V,)13u2 are given only in terms of charge
lepton masses independently of the parameters« and k, as
shown in Eqs.~4.16! and~4.17!. These predictions are favor
able to the data. On the other hand, the quantities tan2usolar ,
1-7
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R[Dmsolar
2 /Dmatm

2 , and mn i ( i 51,2,3) are dependent o
the parameters« andk in the neutrino mass matrixM n . In
Table II, we have listed the predictions for typical values
x[k/sin«.

Although we have takenfe5p2«e for the charged lep-
ton sector, it is not essential. If we takefe5«e as well as
fu , the results for the neutrino mixing are substantially u
charged @e.g., Eqs. ~4.16! and ~4.17! become merely
sin22uatm.12me/mt and u(V,)13u2.me/2mt , respectively#.
However, the choicefn5p/2 is essential. If we choose an
other value offn , we cannot obtain sin22uatm.1. It is an
open question why we must choosef5p/2 only for the
neutrino sector.

Since as seen in Table I the parameter values off ~and
a/b) that are determined from the observed fermion mas
are different from each other~i.e., aeÞdd , beÞbd , andfe
Þfd), the present model cannot be applied to a grand u
fication theory model straightforwardly. However, for e
ample, in an SU~5! GUT model, with matter fields 51̄10
15̄8158 @15#, we can consider a 5↔̄5̄8 mixing. Therefore,
the problem that the parameter values are not universal is
a very serious defect even for a GUT model. Because of
simplicity of the texture~1.4! with few parameters, it is
worthwhile taking the present universal texture seriously.

APPENDIX

It is convenient to rewrite the mass matrix

M5S 0 ae2 if a

ae2 if be22if ~12j!b

a ~12j!b b
D ~A1!

as

M5P~0, 2f, 0!•M̂•P~0, 2f, 0!, ~A2!

where

P~d1 ,d2 ,d3!5diag~eid1,eid2,eid3!, ~A3!

M̂5S 0 a a

a b ~12j!beif

a ~12j!beif b
D . ~A4!

The eigenvaluesmi and mixing matrixÛ of the mass
matrix M̂ are as follows:
-

M

09300
f

-

es

i-

ot
e

m15
1

2
~Ap218k22p!b,

m25
1

2
~Ap218k21p!b, ~A5!

m35qb,

Û5R̂•PS 2
d

2
, 2

d

2
,

d

2D , ~A6!

R̂5S ceid seid 0

2
1

A2
s

1

A2
c 2

1

A2

2
1

A2
s

1

A2
c

1

A2

D , ~A7!

wherek5a/b,

p25j214~12j!cos2
f

2
, ~A8!

q25j214~12j!sin2
f

2
, ~A9!

tand52
~12j!sinf

11~12j!cosf
, ~A10!

and the mixing matrixÛ is defined by

Û†M̂Û* 5D[diag~2m1 ,m2 ,m3!. ~A11!

Therefore, the mixing matrixU for the matrixM is given by

U5P~0, 2f, 0!•Û5P~0, 2f, 0!•R̂•PS 2
d

2
, 2

d

2
,

d

2D .

~A12!

If we put f50, then the results~A5!–~A10! become
those in models I and II. The model~1.4! in the present pape
corresponds to one withj50.
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