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Recent neutrino data have been favorable to a nearly bimaximal mixing, which suggests a simple form of the
neutrino mass matrix. Stimulated by this matrix form, the possibility that all the mass matrices of quarks and
leptons have the same form as in neutrinos is investigated. The mass matrix form is constrained by a discrete
symmetry 4 and a permutation symmetry.SThe model, of course, leads to a nearly bimaximal mixing for
the lepton sectors, while, for the quark sectors, it can lead to reasonable values of the CKM mixing matrix and
masses.
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[. INTRODUCTION for the neutrino mass matrix in Refl2—7], using the basis
where the charged-lepton mass matrix is diagonal, motivated
Recent neutrino oscillation experimerjts] have highly by the experimental finding of maximal, — v, mixing [1].
suggested a nearly bimaximal mixing (€f;,~1,sirf26,;  In this paper, we consider that this structure is fundamental
=1) together with a small ratidR=Am2,/Am3,~10 2.  for both quarks and leptons, although it was speculated from
This can be explained by assuming a neutrino mass matrife neutrino sector. Therefore, we assume that all the mass
form [2—7] with a permutation symmetry between secondmatrices have this structure.
and third generations. We think that quarks and leptons Letus look at the universal characters of the model. Here-
should be unified. It is therefore interesting to investigate thefter, for brevity, we will omit the flavor index. The eigen-
possibility that all the mass matrices of the quarks and lepmassesn; of Eq. (1.2) are given by
tons have the same matrix form, which leads to a nearly 1
bimaximal mixing andJ 3= 0 in the neutrino sector, against o — J8AZ (B C)?
the conventional picture that the mass matrix forms in the M1 2(B+C BATH(B+C)Y), .3
quark sectors will take somewhat different structures from

those in the lepton sectors. In the present paper, we will 1 > >
assume that the mass matrix form is invariant under a dis- my= 5 (B+C+ V8A™+(B+C)?), (1.4
crete symmetry £ and a permutation symmetry,.S

Phenomenologically, our mass matriddg, My, M, and my=B—C. (1.5

M. [mass matrices of up quarka,g,t), down quarks

(d,s,b), neutrinos ge, v, ,»,) and charged lepton®(u,7),  The texture’'s components dfl are expressed in terms of
respectively are given as follows: eigenmassesy; as

M=P{{MPg, (1.9 A MM
=/ o

with
1 m m
0 A A B=§m3 1+ 2m 1), (1.6
M;=| As By C¢| (f=u,d,v,e), 1.2 ’
A, C. B 1 Mz~ M
f f f C:——m3(1_g)
2 ms

whereP| ; and Pg; are the diagonal phase matrices axd

B¢, andCy are real parameters. Namely the components arg,; i is, M is diagonalized by an orthogonal mat@xas
different in Mf , but their mutual relations are the same. This

structure of mass matrix was previously suggested and used -m 0 O
o'Mo=( 0 m, 0|, 1.7)
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with 1 w? w?
2
c s 0 o e e (2.2
2 w w
s cC 1
O= V2 2 2 (1.8 where
S c 1
- R up 145
Ze a(i ) a=(2) 23
L eL
Herec ands are defined by Therefore, if we assume two $2J doublet Higgs scalars ;
andH,, which are transformed as
[ m, [ my ,
““Nmgrmy °= Vimgrm, .9 Hi—wHy, Hy—oHy, (2.9
the Yukawa interactions are given as follows:
It should be noted that the elements@fare independent of g
m5 because of the above structureldf B u = - d =
The zeros in this mass matrix are constrained by the dis- Hi”t_Azzl’Z (Y (i AuiHAUR; Y (i AiH AdR))
crete symmetry that is discussed in the next section, defined
at a unification scaléhe scale does not always mean “grand , = e o
unification scale}. This discrete symmetry is broken below +A:zl,2 (Y i €LiHAVR T Yiaii CLiH aCR))
m=Mpg, at which the right-handed neutrinos acquire heavy . o
Majorana masses, as we discuss in Sec. IV. Therefore, the +(Y?1)ijvgid>0ij+Y?2)ijv%ifboij)vLH.c.,
matrix form (1.1) will, in general, be changed by renormal- 5
ization group equation(RGE) effects. Nevertheless, we 29
would like to emphasize that we can use the expresdidd  \yhere
with (1.2) for the predictions of the physical quantities in the
low-energy region. This will be discussed in the Appendix. Hx _ H,‘i
This article is organized as follows. In Sec. Il we discuss Ha= o |- Ha= o, (2.6)
the symmetry property of our model. Our model is realized A —Ha
when we consider two Higgs doublets in each up-type an%0 that
down-type quarklepton mass matrices. The quark mixing
matrix in the present model is argued in Sec. lll. In Sec. 1V, 0 0 O
the lepton mixing matrix is analyzed. Section V is devoted to 0 * *
d v R _
a summary. Yy Yy Y1), Y2y Y= ,
0 * *
Il. Z 3 SYMMETRY AND MASS MATRIX FORM 2.7
0 * * '

We assume a permutation symmetry between second and
third generations, except for the phase factors. However, the

condition (I\7If)11=0 cannot be derived from such a symme-
try. Therefore, in addition to the<23 symmetry, we assume
a discrete symmetry £ under which symmetry the quark

and lepton fieldsy_ , which belong to 10, 5, and 1 of
SU((5) (1, =vg), are transformed as

Y= s

Yo — i, (2.1

P —ois,

where w®= +1. [Although we use a terminology of $5),
at present, we do not consider_the(SlJ_grand l{lificatiorﬂ.

Then, the bilinear terma_iuRj, auidgj, fLivRrj, fLi€rj and
viive) [VR=(vr)°=Crg ' andvg=(vg)] are transformed
as follows:

u d v e R _ | %
Y)Yy Y)Y Y= 0
* 0

In Eq. (2.7), the symbolx denotes nonzero quantities. Here,
in order to give heavy Majorana masses of the right-handed
neutrinosvg, we have assumed an &) singlet Higgs sca-

lar ®°, which is transformed all;.

In the present model, the phase difference ‘afg(
+Y(o) 21— arg(Y(y)+ Y(z) 31 plays an essential role. There-
fore, for the permutation symmetry, Swe set the following
assumption: the permutation symmetry can be applied to
only the special basis that all Yukawa coupling constants are
real. (Of course, for the £ symmetry, such an assumption is
not required. We consider that the phase factors are caused
by an additional mechanism after the requirement of the per-
mutation symmetry S(after the manifestation of the linear
combinationY 1)+ Y ). In the present paper, we consider
that although the Zsymmetry is rigorously defined for the
fields by Eq.(2.1), the permutation symmetry,3s a rather
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phenomenological ondi.e., ansatg for the mass matrix are diagonalized by the biunitary transformation
shape. Then, under this, Symmetry, the general forms of

Yi=Y(y)+Y(, are given by D¢=UM{Ugs, (3.2
Yi=P! ¥ (Pg; whereU ;=P]O;, Ugs=P;0;, andOy4 (O,) is given by
o Eqg. (1.8). Then, the Cabibbo-Kobayashi-Maskaw@kM)

0 ae 6li%R)  ag (91~ %ka) [10] quark mixing matrix(V) is given by

_ —i(8l k) —i(of ,— oh,) —i(8f ,— 55
ae e Tl e e T ce T V=U[,Uia=OLP,PlOq

i L L
—1(0 37 ORy) —1(0.37 Ogo) —1(0.37 Oga)
ae ce be CuCq+ PS,Sy  CuSd—PS.Cqd — TSy

28 =| SuCq—pPCuSy SuSatpCuCy 0Cy |, (3.3

We have already assumed that — 0S4 0Cyq p
=(ve.,di;u.,d_,ug,ek;vg) have the same transforma-
tion (2.1) under the discrete symmetry;,Zso thatw,_izpﬁj are
transformed as Ed2.2). From this analogy, we assume that
the phase matriceB, s and Pr; come from the replacement
U — Pfl,bL, i.e.

wherep and o are defined by

1 , 63— 0 53t 6
p:z(e'53+e'52)=00332 2exlOi( 32 2), (3.9

WY — o PIYPLYE 2.9 _ %(eiaa_eiéz)
However, differently from the transformatiof2.1), we do

not assume in Eq(2.9) that all the phase matrice3; are —sir‘53_52 exDi
identical, but we assume that they are flavor dependent. This ) P

explains the assumption

(3.5

53"‘52 v
2 +E)'

f o Here we have seP=P Pl=diag(e'’,e'%,e'%), and we
OLi=—0ri=9;, (210 have takens; =0 without loss of generality.

) ) ) ) ] Then, the explicit magnitudes of the component¥ @fre
in the expressiori2.8). [However, this assumptio(®.10 is expressed as

not essential for the numerical predictions in the present pa-

per, because the predictions of the physical quantities depend 83— 8,
on only the phases; .] sin———

Since the present model has two Higgs doublets horizon- V.l=lolc,= ———, 3.6
tally, in general, flavor-changing neutral currefESCNC9 Vool =lale Vvi+m,/m (3.0
are caused by the exchange of Higgs scalars. However, this
FCNC problem is a common subject to be overcome not 83— Oy
only in the present model but also in most models with two S'”T m
Higgs doublets. The conventional mass matrix models based IV =|o|sy= —==1\/—, (3.7
on a grand unified theoryGUT) scenario cannot give real- 1+my/me ¥ Me
istic mass matrices without assuming more than two Higgs
scalarg 8]. Besides, if we admit that two such scalars remain 63—
until the low energy scale, the well-known t())(lagutiful coinci- Vel=lo] Si——
dence of the gauge coupling constantg.at 10-° GeV will Vil =|o|Cy=—F———=, (3.9
be spoiled. Although the present model is not based on a v1+mg/mg
GUT scenario, as are the conventional mass matrix models,
for the FCNC problem, we optimistically consider that only 03— 62
one component of the linear combinations among those v sin 2 my 29
Higgs scalars survives at the low energy sqatem,, while IVigl =] olsqg m m.’ (3.9

the other component is decoupled@ My [9]. The study
of the renormalization group experimgRGE) effects given
in the Appendix will be based on such an “effective” one-
Higgs scalar scenario.

IIl. QUARK MIXING MATRIX = \/ \/
m;+ mg+Mmy

The quark mass matrices
03— 0, O3t 6, mymg
1—2 COS———2C0S———2
2 2 mgmy

C

Sy Cq

|Vus|_c Sal1— P__

M;=PIMP{(f=u,d), (3.1
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53_ 52 mymg v
+ — .
cog 5 (mcmd , (3.10
Sy Cq
[Ved =cysalp— c_ s_
52
\/mc+ m, \/ms+ Mgl CO§
83— 0, O3+6, [mymg
-2 cos—cos— —
2 2 meMmy
1/2
mums
+|— .
( mcmd) (3 l:D

It should be noted that the elements\oare independent of

PHYSICAL REVIEW D 66, 093006 (2002

The heavy-quark-mass-independent predictiqi3sld
and (3.14 have first been derived from a special ansatz for
guark mixings by Branco and Lavoufa3], and later, a simi-
lar formulation has also been given by Fritzsch and Xing
[14]. For example, the CKM matri¥ is given by the form
V=R 0,)Rox g, bo) Rix ) in the Fritzsch-Xing ansatz,
and their rotatlorR23( 0Q ¢q) with a phasepq corresponds
to Ryy(—w/4)P, PdR «—m/4) in the present model, be-
cause the present rotation given in Ef.8) is expressed as
O¢=Ry3(— ml4)R15( 6;). However, we would like to empha-
size that the 2-3 mixing in V comes from only the relative
phase differenced, — 63), and it is independent of the forms
of the up- and down-mixing matric€%.8). The present mass
matrix texture is completely different from theirs. The red-
erivation of Eqs(3.13 and(3.14) in the present model will
illuminate the farsighted instates by Branco and Lavoura.

Next let us fix the parametes and d,. When we use the

m, and m,. The independent parameters in the expressioexpression3.6—(3.11) at u=m;, the parameters, and

|Vij| are g,=tan”*(m,/m,), 4=tan (my/my), &3, and
8,. Among them, the two parametefls and 64 are already

03 do not mean the phases that are evolved from those at
m=My. Hereafter, we use the parametéssand 6; as phe-

fixed by the quark masses of the first and second generationsomenological parameters that approximately satisfy the re-

Therefore, the present model has two adjustable parametdegions (3.6)—(3.11) at u=m;.
83 and &, to reproduce the observed Cabibbo-Kobayashi-6;—

Maskawa(CKM) matrix parametergll]:
Vgl exp=0.2196+ 0.0026,
|V cpl exp=0.0412+0.0020, (3.12
Vbl exp= (3.620.7) X 10" 2,
It should be noted that the predictions

Vol _ 8w /mu_ \ /2'33—0 0586+ 0.0064
Vel “cu™ Ve~ V77 o2

(3.13

|th| = > = d_ E.E I__O 224+0.01
m C_d w/_S w/—. . 014
(3.19

are almost independent of the RGE effects, because they do

not contain the phase differenceiz(- 6,), which is highly

dependent on the energy scale as we discuss in the Appendix

[see Eq.(A9)] and we know that the ratiom,/m. and

my/mg are almost independent of the RGE effects. In the

numerical results of Eq$3.13 and(3.14), we have used the
running quark mass ai=m;, [12]:

my(m,)=2.33"542 MeV, m(m;)=67735 MeV,
(3.15
mg(m;)=4.69"552 MeV, my(m,)=93.4"118 MeV.

The predicted valu€3.13 is somewhat small with respect to

the present experimental valiié,|/| V., =0.08+0.02, but

it is within the error.

In order to fix the value of
d,, we use the relatio3.6), which leads to

sm— \/1+ |Vcb|exp 0.0401+0.0018,

(3.16

83— 8,=4.59°+0.21°, (3.17)

Then, we obtain

m
Vol = \/ H“|vcb|exp=o.ooz34t 0.00028, (3.18
C

me
|Vis = |vcb|exp 0.0391+0.0018,
(3.19
My
F' cbl exp
S
=0.00880-0.00094, (3.20

which are consistent with the present experimental data.
Therefore, the valu€3.17) is acceptable as reasonable. Then,
by using the valug3.17) and the expressio(8.10, we can
obtain the remaining parametess(+ 6,):

83+ 5,=93°+22° or —80°*=22°, (3.2)
Since sing;—6,)/2=0.04 and coskt5,)/2=0.2, the
present model also predicts the following approximated rela-
tions:
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Su Cd Mgy Mgy
|Vus|:CuSd 1_pc_us_d = Hs, (3.22 |th|:|U|Sd: V|Vcb| +|Vub| M+ My
:|Vcb|'|vus|- (3.29
Sy Cqg my Using the rephasing of the up-type and down-type quarks,
Vedl =Cusa|p— c_s_d “Vm (3.23 Eqg. (3.9 is changed to the standard representation of the
! S CKM quark mixing matrix
. u u u . d d d
Vo= diag e®1,e“2,e*2)V diag e“1,e%2,e%2)
C1C12 C13512 S
=| —CogS1~$2C125188"°  CogCio—S255151€'°  SpaCiz | (3.29
S23512~ C2€125138'°  —SpaC10~ Co35155138' 0 CosCis
|
Here, o come_s from the rephasing _in the quark fi(_elds to J=C§3513012312C235233in5
make the choice of phase convention. T@é-violating
phased in the representationi3.25 is expressed with the [Viudl [ Vas | Vbl Vebl | Vi .
expressiorV in Eq. (3.3 by = 2 siné
1- |Vub|
« 2 =|Vus||vub||vcb|5in5- (3.30
ViV, V12
s=ar . 5| (3.26
ViaV3s)  1—|Vy4 _ _ _
Comparing Eq(3.29 with Eq. (3.30, we obtain
so that we obtain
83+ 6
5=+ (80°+22°). (3.27 sins= sin%. (3.31

It is interesting that nearly maximgsin d| is realized in the
present model.

The rephasing invariant Jarlskog paramel¢i5] is de-
fined by J=Im(V, Ve Vi, Vep). In the present model with
Egs.(3.6—(3.11), the parameted is given by

By using the numerical resul{8.17—(3.21), we obtain

|3]=(1.91+0.38 %10 °. (3.32
, 83+ 6,
J=|o|*plcysuCasasin——
2 IV. LEPTON MIXING MATRIX
V Vigl| Visl |V O3+ 6
= |VUb| Vial Vil tb|25' . 32 z, (3.29 Let us discuss the lepton sectors. We assume that the neu-
Veol 1+ |Vyp/ Ve trino masses are generated via the seesaw mech@h&m
Using the relation|Vy|=|V¢p|| Vg in Eq. (3.24), and the
experimental findinggV,d?>|V.p|2>|Vupl? [Vid =|Vep|, o 1T
and|Vy,|=1, we obtain M,==MpMg"Mp. “.D
03+ 5, Here M and My are the Dirac neutrino and the right-
J:|Vub||vcb||vus|5“'—2 : (329 nanded Majorana neutrino mass matrices, which are defined
by » Mprg and viMgrg, respectively. Since Mp
On the other hand, in the standard expressionVofEq. =PIMpP! andMg=P!MgP" according to the assumption
(3.295, Jis given by (2.9), we obtain
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[Mamy
2

mz—ml) 1m(1 m2—m1) .
—Zmyl1-

M,=—PIMpMg*MEP]
0 [mymy
2
m,m; 1
RV 5 2m3(1+
m,my 1 m,—my 1 m,—m;y
\/ -z = +
2 2l 1 mg ) 2m3(1 m3 )

Here and hereaftem;, m, andm; denote neutrino masses unless they are specifically mentioned. In the last expression, we
have used the fatthat the product oAB™*A of the matricesA andB with the texture(1.1) with Eq. (1.2) again becomes a

matrix with the texturg1.1) with (1.2).
/m#me
2

= 5 ~ pt. 4.2

On the other hand, the charged lepton mass mafrixs given by

0 /m,me
2

mme 1 m,—m 1 m,—m
R N e I A e I “
m,me 1 m,—me 1 m,—mg
2 sz(l m, ) 2™ Y T, )
|
wherem,, m, andm, are charged lepton masses. U:olpoy
Those mass matricedl, and M, are diagonalized as
(Pl00)™M(P.Oe) =D, and P'0,)'M,(P,0,)=D,, re- CeCrtPSeS,  CeS,—P1SeCy  —0,Se
Speetively’ where =| SeC,—p,CeSy Sesu+pvcecv 0,Ce ' (45)
—0,S, a,Cy Py
Ce Se 0
where P=P.P!=diag(e'’»,e'%2,€'%3). Hereafter we take
Se Ce 1 _ . v .
. _ 6,1=0 without loss of generality.
Oe= V2 2 V2 , The explicit forms of absolute magnitudes of the compo-
s ¢ 1 nents ofU are given by expressions similar to Eq3.4)—
_ e e = (3.12, where|V;;|, (m,,m;,m;), and [y, ms,my,) are re-
V2 2 2 placed by |Uj;[, (m;,m;,mz), and (me,m,,m,),
(4.4 respectively. It should again be noted that the elements of
are independent ah. andms. The independent parameters
C, Sy 0 of the unitary matrix U are Heztanfl(me/ml,v), 0,
s. ¢ 1 =tan 1(m,/m,), 8,3, ands,,. Among them ¢, is given by
-—= X - charged-lepton masses of the first and second generations.
0o,= V2 2 V2 Therefore, the model has the three adjustable parameters
s, C, 1 8,3, 6,2, andmy/m, to reproduce the experimental values
ARG L

Let us estimate the valugs,, 6,53 and é,, by fitting the
experimental data. In the following discussions we consider
the normal mass hierarchymz,=m3—m3>0 for the neu-
trino mass. The case of the inverse mass hieratshy,
<0 is quite similar to it. It follows from the CHOOZX19],
solar[20], and atmospheric neutrino experimeft$ that

Herec, ands, are obtained from Eq.1.9) by replacingm;
andm; in it by me andm,,; ¢, ands, are also obtained by
taking the neutrino masses,. Therefore, the Maki-
Nakagawa-Sakata-PontecofMNSP) lepton mixing matrix
[18] U can be written as
|U145,,<0.03. (4.6)

1The seesaw invariant texture form was discussed systematicallyrom the global analysis of the SNO solar neutrino experi-

in [17]. ment[20],
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Ami,=mi—mi=AmZ,=5.0x10"° eV?, (4.7

1 mg

Ud?=
Uag 2m,+me

=0.00236,

tarf ,,=tarf 5,=0.34, (4.9 (4.19

or sirf26,3=0.00942.

with Xﬁqin/DOFz 57.0/72, for the large mixing angléMA)  This value is consistent with the present experimental con-
Mikheyev-Smirnov-WolfensteifMSW) solution. From the straints(4.6) and can be checked in neutrino factorj@4],
atmospheric neutrino experimeli], we also have which have sensitivity to sit2 6, for

i -5
Ami=mi—mi=AmZ,=2.5x10 % eV?, (4.9 sinf26,5=10"°. (419
The mixing angledy, in the present model is given by

SiN?2 60,5~ SINF2 = 1.0, 4.1 .
2 am ( O) Sln22 030I54|U11|2|U12|2
with x2. /DOF=163.2/170. 4m,m, 8,5+ 8,0
Independently of the parametefs; and ,,, the model =— 71 V2 co >
(my+my)

predicts the following two ratios:

mem, 1/ mgm,
| U 13| Se me 0487 X + =
=—= m—#= o3 00688, (4.1D m,m;  2\m,m;

Uod  ce
4dmy/m,
-2 (4.17)
:Usl::i: [my 412 (1+my/my)?
Uzl ¢, my’ '

which leads to

Here we have used the running charged-lepton mags at m;
=m; [12]: my(m;)=0.4868472% 0.00000014 MeV, and m—zztar?ﬁsol=0-34, (4.18
m,(mz) =102.75138 0.00033 MeV. The neutrino mixing

angle 0, under the Constraidﬂ m§3|>|Am§2| is given by where we have use:d_the best fit Va[@). ThIS value(4.18
guarantees the validity of the approximati@ghl7), because

SIMP2 0 4=4|U 55 ?|U 542 of V(me/m,)/(m;/m,)=0.12. Then, we can obtain the neu-
trino masses

=4|p,|?a,|c

m,;=0.0026 eV,
. m,u,
=sir?(8,3— 6,,) e (4.13 m,=0.0075 eV, (4.19
o e
m;=0.050 eV,

The observed fact st6,,~1.0 highly suggests,;— 5,
= x/2. Hereafter, for sir;tglicity, wegta>|/<e 99 * > where we have used the observed best fit valu@m@OI and

Am?,.., Egs.(4.7) and(4.9), respectively.
Next let us discuss th€P violation phases in the lepton

8,3— 6,7 T (4.14 mixing matrix. The Majorana neutrino fields do not have the
2 freedom of rephasing invariance, so that we can use only the
rephasing freedom df1 to transform Eq(4.5) to the stan-
Under the constrain®.13, the model predicts dard form
C,1€,12 Co1a8,18"7 S,158' (7%
Ug=| (—Cr23Si12— S,26C,235,15€ 7 e P C,25C 12— S,285,155,13€ S, (A | (4.20
(S,238,12~ C123C,125,18' 7)€ 17 (= S,04C,10~ C,235,155,15€ 7)€ (A C,23Cy13
as
U= diage'“1,e'2,e'“2)U diage*'™2,1,1). (4.21)

Here,a{ comes from the rephasing in the charged lepton fields to make the choice of phase convention, and the specific phase
+ /2 is added on the right-hand side Wfin order to change the neutrino eigenmassto a positive quantity. Similarly to
the quark sector, th€ P-violating phases, in the representatiot¥.20) is expressed as
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The rephasing-invariant paramefln the lepton sector is
defined byd=Im(U,U%,U7;U»3), Which is explicitly given

v

U, U% U2
5=ar% 12 22+ | 12|

UpaUz; 1—|Uyg? by
UpU%, ) 0,310,
=ar * J=lo,|%|p,|c,8,CeSesin
UiU2s 2
=argpy +m _ U3 [U3i[U3d[Usd . 8,3+ 3,0
6V3+5V2 |U23| l+|U13/U23|2 2
=S (4.22

<|U13| |U3/|U3l|Usd
|U23| 1+|U13/U23|2 .

(4.26
Though the lepton mixing matrix includes the additional Ma-

jorana phase factor8 and y [22,23, the number of param- The upper bound is described in terms of the ratig/m,,
eters which will become experimentally available in the nearso that we obtain

future is practically four, as in the Dirac case. The additional

phase parameters are determined as J=0.019. (4.27

It should be noted that if we again assume the maxi@al

B Ustazz) U _m violation in the lepton sector, the magnitude of the rephasing
p=ar Ustar —arn U,.esim :O+E’ (4.23 invariant |J| can be considerably larger than in the quark
H sector,|Jquad =2X 107>,
and V. CONCLUSION

In conclusion, stimulated by recent neutrino data, which

y= ari UL‘m'ei a,) suggest a nearly bimaximal mixing, we have investigated the

Ustd11 possibility that all the mass matrices of quarks and leptons
have the same texture as the neutrino mass matrix. We have

=ar4 13 .au) assumed that the mass matrix form is constrained by a dis-

Up,e™'m crete symmetry £and a permutation symmetry S.e. that

the texture is given by the formil.1) with Eq. (1.2). The
_m most important feature of the present model is that the tex-
2 tures(1.1), (1.2 are practically applicable to the predictions
at the low energy scaléhe electroweak scalealthough we
(4.24 assume that the textures are exactly given at a unification
scale.

It is well known that the matrix form(1.1) leads to a
bimaximal mixing in the neutrino sector. In the present
model, the mixing angled!, between the first and second
agsenerations is given by

by using the relationsme<m, and (5,53~ J,,)/2=m/4.
Hence, we can also predict the averaged neutrino {rass
[23], which appears in the neutrinoless double beta decay,

follows:
tand!,= \mi/m}, (5.1)
(m,y=|—mUZ+mU%,+maU3y wherem! andm}, are the first and second generation fermion
- masses. This leads to a large mixing in the lepton mixing
=|—2p,CeSeNmimy+ p3Sg(My—my) matrix (MNSP matriy U with m;~m, (neglecting taf¢,
+m352| (4.25 =ym¢/m, in the charge-lepton secforand it also leads to
2. .

the famous formul@24] |V, = Vmy/m; in the quark mixing

matrix (CKM matrix) V (neglecting taf,=ym,/m; in the
The value of Eq.(4.25 is highly sensitive to the value of up-quark sector In the present model the mixing ang9é3
(8,3+0,2)/2, which is unknown at present, because the valyeqyeen the second and third generation is fixedghs
UesSe/Ce=VMe/m,=0.070 andym,m,/m;=0.088 are in  _ /4 However, the(2,3) component of the quark mixing
the same order. Fordis+ 6,,)/2=0, m/2 andm, we obtain iy v/ (and also the lepton mixing matrid) is highly

the numerical resultgm,)=0.00018 eV, 0.00049 eV and dependent on the phase differenge- 5,, as follows:
0.00069 eV, respectively. However, these values should not

be taken strictly because the valumg/m, is also sensitive to 1 Sae S

the observed value of taf,. In any case, the predicted 23= sin— 2, (5.2
value of(m,) will be less than the order of 1§ eV. V1+mi/mj 2
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where 8= 6"—56%. Replacing the arguments by their lep- the present appendix, we demonstrate this for the quark mass
tonic counterparts, we have the same formgg. We have ~ matricesM, andMy .
understood the observed valués; and U,; by taking (83 It is well known [25] that the energy scale dependences
— 8,)/2 as a small value for the quark sectors andrésfor ~ R(A)=A(u)/A(My) for observable quantities approxi-
the lepton sectors, respectively. As predictions, which arénately satisfy the relation&(|Vp|)=R(|Vcp|) =R(|Vid|)
independent of such phase parameters, there are two rel&R(|Vis]) =R(mg/m,)=R(ms/my,), and that the ratios
tions R(|Vud), R(|Ved), R(myg/mg) andR(m,/m;) are approxi-
mately constant. This is caused by the fact that the Yukawa
coupling constany, of the top quark is extremely large with
M _ [My M _ Mg (5.3 respect to other coupling constants. The above relatiori® on
Ve me' |Vl M ' are well explained by the approximatigif>y2,y?, ... .
Therefore, we will also use approximation below.

(and the similar relations fod). The relationg5.3) are in The one-loop RGE for the Yukawa coupling constants
good agreement with experiments. The relatjah /U, (f=u,d) has the form

=me/m, in the lepton sectors leads {t);3°=m/2m,

=0.0024 if we accept sf6,,,=1.0. This value will be test-

able in the near future. ﬁ: 1
Since, in the present model, each mass mairixi.e. the dt 16572

Yukawa couplingY;) takes different values oA, B;, and .

so on, the present model cannot be embedded into a guwheref’=d (f'=u) for f=u (f=d), and the coefficients

scenario. In spite of such a demerit, however, it is worth-Ct. Ctr andCys: are energy scale dependent factors which

while noting that it can give a unified description of quark &€ calculated from the one-loop Feynman diagrams. We

(CiLl+CrY(YI+Cip Y Y)Y, (AL)

and lepton mass matrices with the same texture. start from the Yukawa coupling constant§(My), corre-
sponding to the mass matrix forti.1) [with Eq. (1.2)].
ACKNOWLEDGMENTS Since the matriX{uYE is approximately given by
One of the authorgY.K.) wishes to acknowledge the hos- 0 0 0
pitality of the Theory group at CERN, where this work was ; mt2 +is
completed. Y.K. also thanks Z. Z. Xing for informing him of Yu(M) Y (Mx)=—| 0 1 —e v,
many helpful references. Yulg —eid 1
(A2)
APPENDIX where 6,= 84— 85, vy/\2=(HD), and we have used the
The mass matrix texturél.1) with Eq. (1.2, which is  relations(1.6) and the approximatioy?>yZ2,y?, ..., the

defined at the unification energy scale=My, is applicable up-quark Yukawa coupling constaM,(u«) in the neighbor-
to the phenomenology at the electroweak sqatem;. In hood of u=My is given by the form

0 0 0
Yu(pm)=ry(p)| 1+ey(u)| O 1 —e* o | |y (My)
0 —efiﬁu 1
0 Aueii‘Sg Aue"‘slsj
o) _ | |
:vu//\‘/E A l+e,—e)e %  Byl+e,—e,Cu/Bye 2%  Cy(l+e,—e,B,/C,e (92+
u

Al+e,—e)e % Cyl+e,—eB,/Cpe 027%) B (1+e,—e,Cy/B,)e 2%
(A3)

Although this form is one ilt=My, since the texture keeps the same form under the small change of energy scale, as a result,
the texture ofY,(u) given by Eq.(A3) holds at any energy scaje. Therefore, we can obtain the expressidnl) at an
arbitrary energy scalg. [The demonstratiofA3) has been done for the caBg= PE mentioned in Eq(2.10. However, the
conclusion does not depend on this chdjice.

On the other hand, the evolution of the down-quark Yukawa coupling congtépf) is somewhat complicated. By a way
similar to Eq.(A3), we obtain
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1 0 0
Ya(u)=rg(m)| 0 I+eq  —ea@"'% | Yy(My)
0 —gqe ' 1+ey
0 Aq Aq
:rd(/‘;;pg Ag(l+eg—eqe %)) By(l+eg—eqe’' P %Cy/By) Cy(lt+eg—eqet' (% %By/Cy) | P],
Ud

Ad(l+8d_8deii(§“75d)) Cd(l+8d_8deii(5“75d)8d/Cd) Bd(1+8d_Sdeii(éuiéd)cd/Bd)
(A4)

where §,— 84= (83— 5)—(5‘3’— 5‘2’): 83— 8,. Note that the part that is sandwiched betw@%nand Pg includes imaginary

parts and those phase factors cannot be removed by an additional phaseRgéirixinto the form Pj(u)Ya(u)Pi(w).
However, the quantity that has the physical meanin\gjd%g. When we define

gel"=1+gy(1—e ') petP=1+gy(1+et(u%), (A5)
we obtain
20) Aj Ad(Bg+Cq) Ad(Bg+Cq)
2 i(a—
Yo Yi)=—5—PlPs| AdBatCa)n  AFE+(BI+CH 7" AL P+2BCan’ | P,PL,  (AG)
vgl2 2 42 2i(a+p) 2 242 2 2y, 2
Ad(BgtCq)m Agée +2B4Cq7m Agé +(BgtCqm
where
Py=diag1e'? e 'h), (A7)

so that we can obtain a real matrix for the part which is sandwiched by the phase Rg®ixunder the approximation
A%/|B4C4|=0. This means that we can practically write

0 Ay Ay
o ra(u)
Ya(u)= NG Ag€ Bgn Cym |, (A8)
U
¢ Agé Cyqn Byn
with
Pl(u)=diag 1e (%A e i(55+8), (A9)

at an arbitrary energy scaje. It should be noted that the changes of the ph@§es 53— 3 and 63— 83+ 8 do not come from
the evolution of the phase%j(,u) and 6%(,u), but they are brought effectively by absorbing the unfactorizable phase parts in
Yq4(w). Thus, we can again use the textiel) at an arbitrary energy scaje from a practical point of view.

In the Yukawa coupling constant§, andY, of the leptons, the RGE effects are not so large as in the quark sectors. In the
charged lepton sector, since?> mi> m2, we can again demonstrate that the expresélod is applicable at an arbitrary
energy scale in a way similar to the quark sectors. For the neutrino Yukawa coupling cofigiaht the evolution equation
is different from Eqg.(Al). We must use the RGE for the seesaw operf2@]. However, the calculation and result are
essentially the same as thoseMp(u), Yq(u) andYq(u), becausem§> m§> mf in the present model.

Finally, we would like to add that these conclusions on the evolution of the mass matticés=u,d,e,v) are exactly
confirmed by numerical study, without approximation.
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