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Abstract. Stimulated by Ma’s idea, which explains the tribimaximal neutrino mixing by assuming an Ay
flavor symmetry, a lepton mass matrix model is investigated. A Frogatt—Nielsen-type model is assumed, and
the flavor structures of the masses and mixing are caused by the VEVs of SU(2)y, singlet scalars ¢;' and gzﬁfl
(i =1,2,3), which are assigned to 3 and (1,1’,1"”) of A4, respectively. Possible charged lepton and neutrino

mass spectra and mixing are investigated.

1 Introduction

It is generally assumed that masses and mixings of the
quarks and leptons will obey a simple law of nature. Then
it is also likely that the masses and mixings of those fun-
damental particles will be governed by a symmetry. How-
ever, even if there is such a simple relation in the quark
sector, it is hard to see such a relation in the quark sec-
tor, because the original symmetry will be spoiled by the
gluon cloud. Therefore, in the present paper, we will con-
fine ourselves to the investigation of the lepton masses and
mixings.

It is well known that the observed neutrino mix-
ing is nearly described by the so called tribimaximal
mixing [1-10]:
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In order to understand the tribimaximal mixing, Ma [11]
has recently proposed a neutrino mass matrix model based
on a non-Abelian discrete symmetry A4. The symmetry Ay
seems to be very promising for a model of the leptons.

On the other hand, it is also well known that the ob-
served charged lepton masses satisfy the relation [12—15]

Mty e = 2 (b (2)

with remarkable precision. The mass formula (2) is invari-
ant under any exchange \/m; <> /m; (i,j = e, u, 7). This
suggests that the lepton mass matrix model will be de-
scribed by the S3 permutation symmetry [16-19].
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In order to understand (2), a seesaw-type mass matrix
model [15, 20, 21] has been proposed:

M, =m{Mg'mg . (3)

Here, Mg is a mass matrix of hypothetical heavy lep-
tons E; (i =1,2,3), and we have assumed Mg x1 =
diag(1,1,1). The matrices m{ and m§; are mass matrices
defined by e,m§FEr and Epm§er, respectively, and we
assume mf§ = mg /k = yediag(vi, va,v3) (k is a constant),
where v; are vacuum expectation values (VEVs) of the
three Higgs scalars ¢r; = (qSTLi, 0.), and they satisfy the
relation

2
3 +ug+uz)?. (4)

The relation (4) can be derived from the following Higgs
potential [22—24]:

V =1u? (8161 + 6162 + 6163
1 2
+ 5/\1 (¢J{¢1 + ¢;¢2 + ¢;T>,¢3)
+ X2 (0500) (¢ + 0l dy) + Ve, (5)

where ¢; (i =1,2,3) are three objects of Sg (fundamental
basis), (¢x, ¢p) and ¢, are a doublet and singlet of Ss, re-
spectively, which are defined by
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and Vsp is a soft symmetry breaking term [23, 24] that does
not affect the derivation of the relation (4). The minimizing
condition of the potential (5) leads to the VEV relation

v 42 =02, (7)
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Equation (7) gives (4) because

v1+\1}2§+v3>2
(8)

(Note that although the Higgs potential (5) is invariant
under the S3 symmetry, it is not a general one of the Ss-
invariant form. As pointed out in [23, 24], a Higgs potential
with the general form cannot lead to the relation (7). We
need an additional requirement.) For a recent S3 model of
the lepton masses and mixings, see [25].

Considering the scenario for the charged lepton mass
spectrum, the S3 symmetry is also attractive, but, in the
present paper, we will investigate an Ay model by work-
ing with Ma’s model [11] for the tribimaximal neutrino
mixing. In the next section, we will show that the S3 sce-
nario for the charged lepton masses can be translated into
the language of A4. In Sect. 3, we will give a Frogatt—
Nielsen-type model [26] of the leptons based on an A4 fla-
vor symmetry. The mass matrix structures in the charged
lepton and neutrino sectors are discussed in Sects. 4 and
5, respectively. In Sect. 6, a speculation about the neu-
trino masses will be given. In Sect. 7, a SUSY version of
the Higgs potential (5) [see (24)] will be proposed. Fi-
nally, Sect. 8 is devoted to a summary. In order to ob-
tain the tribimaximal mixing (1) and the charged lepton
mass relation (2), we will need further phenomenological
assumptions, (i) 1’ +» 1” symmetry and (ii) the univer-
sality of the coupling constants, in addition to the Ay
symmetry.
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vy + vy +v3 :vﬂ—l—vn—i—v(,:ZvU:Z(

2 From S3 into A4

When we define E = (El»@%@:&) and ¥ = (1,92, 13) as 3
of A4, we can compose 1, 1’ and 1” of A4 as follows:

1

()1 = 7 (D191 +Potha +31b3) (9)
)y = = (B + Bt Byas?) . (10)
()10 == B+ Bt +Tgw) . (1)
where

w:ei%“:_l%ﬁ’. (12)

The expressions (9)—(11) can be rewritten as
@0 = ), (13)
) = =5 [B0)y = 160),] (14)
@0 = = [(Be)y +i@0)] . (15)
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where
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It is useful to define the following (¢, ¢y, ¢=) basis corre-
spondingly to (13)—(15):

¢1 = ¢0’ ) (17)
1 .

17 = ﬁ(ﬁbn —i¢nr), (18)
1 .

1 = ﬁ(@, +i¢r), (19)

where the scalars ¢, ¢/ and ¢q» are 1, 1’ and 1”7 of Ay.
Then, A4-invariant Yukawa interactions that are composed
of ¥, and ¢ are expressed as follows:

(V¥)161 = (V¥)odo , (20)
@)dnr = 5 [F)abo + (F)nds + (T
—i(¥)nd] (21)
@)rbur = 5 [F)abo + (F)nds ~ (T
+Hi(Y)ndn] - (22)

Hereafter, we will always assume a 1’ <+ 1" symmetry, so
that we obtain

()11 + ()1 drr = (W)ndy + (YU) r e -

In the S3-invariant Higgs potential (5), the existence of
the A2 term was essential for the derivation of the VEV
relation (7). In the present A4 model, if we adopt the ba-
sis ¢ = (¢po, Pn, $=), which is defined by (17)-(19), we can
regard the Higgs potential (5) as an A-invariant one:

(23)

V=4 (661 + 0,6 + 0} 007)
+ %/\1 <¢J{¢1 + ol 0+ ¢J{n¢1”>2
+22 (9161) (61 0w + 0} dur ) + Vis
= 1? (85 b0 + Py + L x)
+5M (6160 + 8l60+610)°
+ X2 (65 ¢0) (¢1¢n + 0] 0y) + Vam.

When we define (¢1, @2, ¢3) by (6), we can obtain the VEV
relation (4) for the VEVs v; = (¢;), so that we obtain the
charged lepton mass relation (2) from the Ay-invariant
Yukawa interaction:

(24)

(€E)1¢1+ (€E)1 p1n + (€E) 11 Py
= (€E)s¢s + (EE)nd’n + (EE)W¢ﬂ

=e1F1¢1 +exBap +e3 B3z, (25)
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where e, and ER have been assigned to 3 of A4. (However,
in the next section, we will not adopt the seesaw model (3),
but we adopt a Frogatt—Nielsen-type model without the
heavy leptons F;.)

Note that, in the Sz model, (¢1,p2,p3) were three
objects of S3 and (¢y, ¢y, #r) were the singlet and dou-
blet of Ss, respectively, while, in the present A4 model,
(Pos Oy d=) and (é1, P2, ¢3) are merely linear combina-
tions of (¢1,¢1/, 1), and they are not irreducible repre-
sentations of Ay.

Thus, we have a possibility that we can build a model
that leads not only to the tribimaximal mixing for the neu-
trinos, but also to the mass relation (2) for the charged
leptons by developing Ma’s idea.

3 Model

So far, we have considered three scalars to be ¢; SU(2) dou-
blets. However, such a model with multi-Higgs doublets
causes a flavor changing neutral current (FCNC) problem.
Therefore, in the present paper, we assume a Frogatt—
Nielsen-type model [26]:

T d¢d ¢d 7 u¢u — *
Hog = yelLHLA—d—eR +yvlLHL A—I/R =+ yRVRquR R

Aqg
(26)

where the ¢;;, are SU(2)1, doublet leptons ¢;1, = (vir, ei1),
Hj“l and H}* are conventional SU(2)r, doublet Higgs scalars,
¢* and ¢* are SU(2) singlet scalars, and Ay and 4,
are scales of the effective theory. We consider (¢f)/As
(f =u,d) to be of the order of 1. Here, we have not
adopted the seesaw-type model (3) for the charged lep-
ton sector, because the existence of Mg x 1 in (3) did
not play any essential role in the flavor structure of the
charged lepton mass matrix M.. The scalar ¢ has been
introduced in order to generate the Majorana mass Mg
of the right-handed neutrinos vg. The model is essentially
unchanged compared with the seesaw model as far as the
flavor structures are concerned. However, the scenario for
the energy scale of the symmetry breaking is considerably
changed, i.e. we assume that the VEVs of ¢/ are of the
order of the Planck mass scale although we have considered
(¢i) ~ 102 GeV in the seesaw model [27]. In other words,
in the Frogatt—Nielsen-type model, the A,-broken struc-
ture of the effective Yukawa coupling constants is formed
at the Planck mass scale. However, this is not a serious
problem, because (1) is not so sensitive to the renormal-
ization group equation (RGE) effects as far as the lep-
ton sector is concerned [28,29]. Although (2) is in remark-
able agreement with the observed charged lepton masses
(the pole masses), the standpoint in the present paper is
that the remarkable coincidence is accidental and the rela-
tion (2) will be satisfied only approximately at a low energy
scale.

Ma has assigned the scalars ¢¢ to 8 of A4 in [11]. How-
ever, as we have shown in Sect. 2, since the scalars that
can give the VEV relation (7) [or (4)] are not 3 of A4, but
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Table 1. A4 assignments of the fields

Fields Ay U(1)
149 3 0
VR (1,1,1") 0
€R 3 0
ok 3 qu
¢ (1,1,17) 4
& (1,1,1") 0
H}_f 1 —qu
H{ 1 —2qq

(1,17,1") of A4, we regard ¢? as (1,1’,1”) of A4 in the
present paper. Also, we will change the assignment of eg
and vg from those in the Ma model. Of course, the essential
idea to obtain the tribimaximal mixing is indebted to the
Ma model. The A, assignments in the present model are
listed in Table 1. In order to forbid the unwelcome combi-
nations I, H(¢?)"(¢*)™er except for (n,m) = (2,0) and
ILH (o)™ (¢*)™vR except for (n,m) = (0, 1), for example,
we assume the following U(1) charge assignments: Q(l1,) =
Q(vr) =Q(er) =Q(?) =0, Q(¢*) = —3Q(H{') = qa > 0,
and Q(¢") = —Q(H{') = qu > 0, where q4/qy # n/2 and
qu/qd#n (n207172737"')'

4 Charged lepton sector

In the charged lepton sector, the possible A -invariant
interactions  (eLer)¢?¢?, ie., (3x3)x(1,1/,1”)x
(1,1/,1"), are given by

H, = (€e)1 [yod1¢1 +y1 (167 + 61¢1)]
+y2 [(ee)161 61 + (€)1 97 ¢1]
+ys [(€e)1/ (P11 + p1¢p1r) + (€)1 (1 P1
+¢161/)]
= (ee)o [Yods +y1 (02 +¢7)]
+ = [(20) (65— 02) ~2(ee)niy ]
+2y3 [(ee)ypndo + (€e)rdr o] , (27)

where, for convenience, we have dropped the index d, and
we have assumed the 1’ <+ 1” symmetry. Furthermore, if
we assume universality of the coupling constants,

Yo=y1=y2=y3, (28)
we obtain
He = yo [(€e)s (¢5 + &% +07)

+ )y (65— 02 +2v/20,0,) + (o)

x (2606 +2V36:05 )|
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=mk@»wﬁw%w@+

+ \/§<ée)ﬂ (65— ¢3) }
=V3yo (16197 +E2e203 + E3€303) ,

where ¢; (i =1,2,3) are defined by (6). As we discussed
in Sect. 2, since we can write the Higgs potential (5) for
¢t = (¢, 92, ¢2), we can obtain the VEV relation (7)
[i.e. (4) for v; = (¢¢)]. Therefore, from (29) and (4), we can
obtain the charged lepton mass relation (2).

§§@n@ﬁ—%—%)

(29)

5 Neutrino sector

Since U, ¢"vr ~ 3 x 3 x (1,1/,1”), the Ay-invariant Yukawa
interactions are as follows:

H, =y (716" )ovio + 4 [ (PL6Y), vi + (71.6"), vis |
(30)

so that we obtain the mass matrix my, which is defined by

Vo
(U1 D2 Us)Lmy | vy , (31)
Y7/ r
as follows:
Lygot Wzt 0
e R e M e (32
TRUbUY —yY vy uY sy

When we again assume universality of the coupling con-
stants, y5 =y, we obtain

14
mL = DUTB y

D= ygdiag(v%v vy, ’Ug) ’

(33)
(34)

and Urp is the tribimaximal mixing matrix (1), where
we have changed the basis of vg from (v,,vy,Vz)R to
(Vn7 Vg, Vﬂ')R'

Although the VEVs of the scalars ¢% = (¢2, ¢, ¢ ) sat-
isfy the VEV relation (7), the VEVs v} = (¢¥) do not have
such a relation, because we cannot write an A4-invariant
term which corresponds to the Ay term, i.e. ¢2 (¢72T + qﬁg)
The potential for the scalars ¢* = ( 1, Y, ¢},f) is symmet-
ric for any exchange ¢;' <+ ¢;. Therefore, we consider

(@1) = (62) = (¢5) = vu- (35)
Then the mass matrix my is diagonalized as
Utpm¥ = ygv,1. (36)

If the Majorana mass matrix Mg is diagonal in the basis
(Vn, Vo, Vn )R, 1.€.

MR :diag(Mn,Ma,Mrr) ) (37)
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we obtain the mixing matrix Uyng and the eigenvalues m,,;
of the neutrino mass matrix M, = my Mg ' (mY¥)7,

Umns =Urs, (38)
1 1
my1 = (yl/vu)Q_ ’ my2 = (yyvu)Q_ 5
0 M, 0
v 1
mus = (yg§ vu)Q—M . (39)

The explicit structure of My = diag(M,,, My, M) will be
discussed in the next section.

6 Speculation on the neutrino mass spectrum

In order to speculate on the neutrino mass spectrum, let
us assume that the Majorana masses are generated by the
following interaction with the scalars ¢ = (@1, Py, Py1):

Hp = [y(l){vlyik + yfh (ﬁl’VIN +Uqn VI/)] b,
+ yg” (ﬁllVI/@y —l—?luyik,,@l,,)
= (YT, + Yyl (Tavi 4T | By

1
+ =y [(Fgvg — Tal) By — (Tav + Tgrf) Ba]

V2
(40)

where, for convenience, the notation vj, denotes v}, =
(v*)1 [mot vy, = (v1/)*, so that (vf,v§,,v;,)] are trans-
formed as (1,1’,1”) [not (1,1”,1’)] under the A4 symme-
try. We assume that the VEVs of & ~ (1,1’,1") satisfy the
same relation as (7) for ¢¢

<457r>2 + <¢n>2 = <¢0>2 )

because ¢? and & are assigned to the same multiplets
(1,1’,1”). However, if we consider (@) # 0, the matrix
Mg cannot become diagonal. Therefore, we assume () =
0, so that we will take

<¢7T> = 07

(41)

(D) = (Po) -

This assumption corresponds to the assumption, although
we have already assumed the 1’ <> 1” symmetry, that this
symmetry holds for the VEV values of @, not for the fields,
ie. (@1/) = (D11) = (®,)//2. Then we obtain the eigenval-
ues of MR as follows:

(42)

1
m=@wﬁﬁyw,MFﬁmm

1
M, = (Z/{{ - ﬁ?/?) (Ps) -
In order to speculate on the neutrino masses m,;, we
must reduce the number of parameters more. Therefore, let
us assume that the fermion terms that couple to the scalars
b,, P, and P, are normalized as

(43)

Urly +Upy
— = )%
V2
— * _— * -— * - *
UnVy —VUnlp UnVp +VUnlp
— b,

Y R .

. — *
Hr =yr [(sm av,V, +cosa

(44)
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Then we can write the eigenvalues (43) as follows:

Yr

M, ="~=(P,)(1+cosa), M,= d,),
U (@)1 + cosa) R (20)
|Ma| = ZX(@,)(1—cosa), (45)
V2
so that we obtain the neutrino mass spectrum
1 1
Myl = ——Myg, My2=—=""My0,
! 1+ cosa 0 2 V2 sin a 0
1
V3= T————Myo, 46
s l—cosam 0 (46)

where m,g = (ygvu)2/(yR<¢U>/\/§)2. For the observed
ratio [30—33]

Robs = A"ngolar — (79tgg) X 1075 6V2
AmZ,  (2.747035) x 1073 eV?2

=(2.940.5) x 1072, (47)

we obtain the predicted ratio

_Am3;  mZy—m2;  (3cosa—1)(1—cosa)

(3cosa+1)(1+cosa)
(48)

R

= 3~ 2 2
Amzy  myz —mg,

For example, for o = 7/6, we obtain

_(B3v2-2)(2-Vv3)
R—(3\/§+2)(2+\/§)—0.0319.

The value is in good agreement with the observed value
(47). By putting m,3 = \/Am?2, , we obtain m,; = (0.38 +
0.02) x 1072 €V, myo = (0.9970:0%) x 1072 €V, and m,3 =
(5.237032) x 102 eV.

However, the theoretical reason for oo = /6 is unclear.
Since we have assumed universality of the coupling con-
stants in the interactions (27) and (31), rather, the case
with the universal coupling yi = y&,

(49)

VoVy +Unvp+Un0; Unly —VUnly
Hg = 1Py + — o
: yR( NG vz
PWV;—FP?]V; >
-, 50
V2 (50)

is likely. This case corresponds to cosa = 4/2/3, and it
predicts

R 4/6-9
4v/6+9

The value (51) is somewhat large compared with the ob-
served value (47), but, at present, this case cannot be
ruled out within three sigma. Again, by putting m,3 =

v/ Am?2 . we obtain

atm»

—=0.0424. (51)

my1 = (0.537003) x 1072 eV,
mys = (L17TT008) x 1072 eV,

mys = (5.237032) x 1072 V. (52)
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Anyhow, the predicted value of m,; in the present A,
model is relatively large compared with that in the Ss
model [25]. We eagerly expect the detection from future
double beta experiments.

7 Superpotential for three flavor scalars

So far, we have not considered the supersymmetric version
of the present model. Recently, Ma has proposed a SUSY
version [34] of the Higgs potential (5) that can lead to
the VEV relation v} +v? = vZ, (7). In a similar way, we
can write the superpotential W for the superfields ¢¢ =
(64, 0%/, ¢%,) (hereafter, for convenience, we will drop the

index d) by assuming the following.

1. The field ¢, (a=1,1",1") to the nth power, (¢,)"
(n=1,2,3), appears always accompanied with the fac-
tor 1/n!in the superpotential W.

2. Inorder to forbid unwelcome A 4-invariant terms, we re-
quire that W is invariant under the transformation

¢1/ — —¢1/ y ¢1// — —¢1// .

Under this requirement, the terms (¢1/)® and (¢q1r)>
are forbidden, but ¢1/¢1/, (¢1/)% and (¢1#)? are not
forbidden.

3. The A4 symmetry is softly broken by a term Wgg.

(53)

As a result, we obtain the superpotential
1, 1,
W=m| ¢pdyr+ §¢1 +A (101717 + §¢1
(54)

1 i0 1 —if
56 ?_/—Fge ?//) . (55)

+ WSB )
Wsg =em (—¢1'¢1” +

Here, although the first and second terms in Wsp do not
break the A4 symmetry, we have added those to Wgp in
order to keep the result (7) independent of Wsp. We will
show below that the superpotential (54) can lead to the
VEV relation (7) independently of Wsp and the parameter
6 in Wgp determines the ratio v, /vy, so that the charged
lepton mass spectrum is completely determined only by
the parameter 6.

The superpotential (54) can be rewritten in terms of the
superfields (¢, ¢y, ¢-) defined by (17)—(19) as follows:

W = lm(l —e) ((ﬁ?’ + er) + %m&,

2
1 : .
+ Lemei (2 - 62~ 2idy0,)
1 : .
+ nge—le (¢% - ¢3r + 21¢n¢ﬂ)
1 2, 2, L1
37 (e e ) (50)
Since
((;)TW = [m(1—¢€)+Ap, —2em cos O] ¢ + 2emsinb¢,,

(57)
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ZTW = [m(1—¢)+ Apo + 2em cos ] ¢, + 2em sin ¢,
! (58)
ow 1

the minimization conditions of the potential lead to the re-
lations

2vyVx

tanf =
an Zo2 (60)
v,%+v%:v?,, (61)
m+ vy =0. (62)

Note that the derivation of the relation (60) is independent
of the explicit values of m, A and ¢, and the derivation of
the relation (61) is independent of the explicit values of m,
A, € and 6. [Also note that the conditions (57)—(59) can lead
to an alternative solution with (1—2¢)(v2 +v2) = (14
2¢)v2 and (1 —2e)m+ A¢, = 0 instead of (61) and (62), re-
spectively. However, we have taken only the solution that
is independent of the parameter e.] Thus, without spoil-
ing (7) [see (61)], we have been able to choose the symme-
try breaking term Wgg that fixes the VEV ratio v. /v,,.

From the observed values [35] of the charged lepton
masses, we obtain the numerical values z; = 0.016473, 25 =
0.236869 and z3 = 0.971402, where the parameters z; are
defined by \/me; = z;vq With 27 + 23 + 23 = 1, so that, for
the VEVs of ¢, defined by (6), we obtain z, = 0.519393,
zp = —0.479824 and z, = 0.707106. Therefore, we can ob-
tain the value of 0 as follows:

0 - —
fan o = T =+/3—3"%2  _ 1082466, (63)
2y 221 — 20— 23
i.e. § = —94.5354°. When we express the parameter z; as
e Lgne
1 \/6 \/g €
2z 1 1 sin (f + 2 )
== = eT 3T
V6 V3 3
1 1 4
z3=—=——7=sin |+ -7 |, 64
TV6 V3 (5 3 ) ®9
the angle 6 is related to the parameter &, by
0 T
—=f ——=. 65
5 =&~ 5 (65)

Note that the model gives m, — 0 in the limit of § — —7/2.

8 Summary

In conclusion, on the basis of the A4 symmetry, we have
investigated a Frogatt—Nielsen-type model (26). The Higgs
potential (24) for the scalars ¢¢, which are assigned to
(1, P17, p11r) of Ay, can lead to the VEV relation (7), v2 +

vp =02, i.e. to the relation (4) for the VEVs (¢¢) defined
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in (6). Since the charged lepton interactions ¢, Hd¢?¢%er
give me; oc (¢9)2, we have obtained the charged lepton
mass relation (2). For the neutrino sector, we have ob-
tained the tribimaximal mixing (1) by assuming 3 of A4 for
the scalars ¢*.

However, it should be noted that, in order to obtain the
above results, we have needed to assume the following re-
quirements in addition to the A4 symmetry: (i) the 1’ <> 1”
symmetry and (ii) the universality of the coupling con-
stants. Especially, in order to obtain the VEV relation (7)
from the A4-invariant superpotential, the assumptions (i)
and (ii) required in the previous section are required in
addition to the 1’ <+ 1” symmetry. Those assumptions are
phenomenological ones at present. On the other hand, re-
cently, Ma [34] has also proposed a model that can lead
not only to the tribimaximal mixing (1), but also to the
charged lepton mass relation (2) by assuming a symmetry
¥ (81). In Ma’s X'(81) model, such an additional assump-
tion except for the symmetry X'(81) has not been required.
However, in his model, we need the somewhat unfamil-
iar and complicated symmetry X'(81). In contrast with the
Ma model, in the present model we have adopted a fa-
miliar symmetry A4, and, instead, we have made some
intuitive assumptions; (i) and (ii). Such an approach with
phenomenological assumptions, at present, seems to be
still useful for a future extension of the model rather than
a rigid theoretical model.

In Sects. 5 and 6, a possible neutrino mass spectrum has
been discussed by assuming (¢}) = (¢y) = (¢%), where ¢¥
belong to 3 of A4. By assuming the structure (42) of the
right-handed neutrino Yukawa interaction, we can specu-
late the neutrino mass spectrum (46). The case o = 7/6 is
interesting from the phenomenological point of view, be-
cause the case predicts the ratio Am2 |, /Am2, = 0.0319.
However, the numerical predictions in Sect. 6 are not con-
clusive because the numerical prediction has needed some
speculative assumptions.

In Sect. 7, a SUSY version for the Higgs potential of ¢¢
has been proposed. The essential idea is indebted to the Ma
model based on the ¥'(81) symmetry [34].

The present model will give a suggestive hint on for
seeking a more plausible model that leads to the tribimax-
imal mixing (1) and the charged lepton mass relation (2).
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