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Against the conventional picture that the mass matrix forms in the quark sectors will take some-
what different structures from those in the lepton sectors, on the basis of an 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 symmetry Zs and an extended flavor 2 «+— 3 symmetry.
The texture is described by three parameters (including phase parameter). According to this ansatz,
the neutrino masses and mixings are investigated.

PACS numbers: 12.15.Ff, 14.60.Pq, 11.30.Hv

I. INTRODUCTION

From the point of view of the quark and lepton unification, an idea that their matrix forms are described by a
universal texture is very attractive. Especially, against the conventional picture that the mass matrix forms in the
quark sectors will take somewhat different structures from those in the lepton sectors, it is interesting to investigate
whether or not all the mass matrices of quarks and leptons can be described in terms of the same mass matrix form
as in the neutrinos. Recently, a quark and lepton mass matrix model based on a discrete symmetry Zs and a flavor
2 « 3 symmetry has been proposed [1]. In the model (we will refer it as Model I hereafter), the quark and lepton
mass matrices My are given by the texture

My = PM;Py (1.1)
where M ¢ is a real matrix with a form
. 011 00 O 0 af af
Mf:af 100 +bf 0 1 Ty = af bf bfxf , (1.2)
100 0 l‘f 1 af bfxf bf
and Py is a phase matrix defined by
Py = diag(eié{, eiéi{, ewg) . (1.3)

(As seen in the expression in Eq. (1.2), the model is essentially based on a two Higgs doublet model.) As we see in
the next section, Model I can give interesting results in the quark and lepton mass matrix phenomenology. However,
in the model, the 2 <= 3 symmetry has been required only for the mass matrix M¢, not for the fields vz,;. The phase
matrix Py in Eq. (1.1), which breaks the 2 < 3 symmetry, has been introduced from a phenomenological point of
view.

In the present model, we propose a universal texture of quark and lepton mass matrices

0 e 1 0 0 0
My=ap| e™ 0 0 |+b|0e 11|, (1.4)
1 0 0 o 1 1

which is similar to the matrix (1.1), but does not include the phenomenological phase matrix (1.3). (The phases e~

and =2 in the matrix (1.4) are introduced by an “extended 2 «+ 3 symmetry which will be discussed in Sec. III.)

In comparison with Model I where the texture (1.1) has 5 parameters, ay, by, xy, 5{ - 55 and 5; - (5:’;, the present



model (1.4) has only 3 parameters, ay, by and ¢y, so that the 3 mass eigenvalues can completely determine the 3
parameters af, by and ¢f. As a result, for example, we will obtain a prediction

ms  Me
|[Vep| ~ — + — (1.5)
my My

differently from Model I, where |V,;| has been given by |V.4| = cos(d3 — 62)/2, where §; = 6% — 6%, and the value | V|
has been freely adjustable by the parameter d3 — do.

In the next section, Sec. II, we will give a brief review of Model I, because the present model is closely related to
Model I. In Sec. III, by introducing an extended flavor 2 < 3 symmetry, we will propose a new universal texture
of quark and lepton mass matrices and we will investigate quark mass matrix phenomenology. In Sec. IV, we will
discuss the neutrino mass matrix M,, on the basis of the new universal texture. Prediction of sin? 20,;,, and |(V¢)13/?
are given only in terms of the charged lepton mass ratios, independently of the parameters in M,. Predictions of
R=Am?2, /Am?2,  and tan? 0., depends on two adjustable parameters in M,. We will give predictions for some

solar atm
typical values of the parameters. Finally, Sec. V is devoted to a summary and discussion.

II. TWO HIGGS DOUBLET MODEL WITH A Z; SYMMETRY

In the present section, we give a brief review of Model I [1]. B
We assume that under a discrete symmetry Zs, the quark and lepton fields vy, which belong to 10z, 55, and 11, of
SU(5) (11 = v%), are transformed as

Uir — Pin, Yo — wiber, V3L — wsr, (2.1)

where w = €*7/3. [Although we use a terminology of SU(5), at present, we do not consider the SU(5) grand
unification.] Then, the bilinear terms g, ,urj, 41,drj, LLiVRj, Cricrj and U, vp; (V6 = (vg)¢ = CPRT and 7§ = (v§,)]

are transformed as follows:

1 2 2

w? w
W w ow | . (2.2)
Wwow w

Therefore, if we assume two SU(2) doublet Higgs scalars H4 and Hp, which are transformed as

Hy —wHs, Hp— w?Hp, (2.3)
we obtain the mass matrix form
0 a{Q a{3 0 0 O
My=|{al, 0 0 |(HY)+|0 Db, bl |(HE) . (2.4)
aj;s 0 0 0 bgs b§3

In addition to the Zs symmetry, we assume a 2 < 3 symmetry for the matrix M ¢ which is given by Eq. (1.2).
(The 2 « 3 symmetry does not mean the permutation 2 «<» 3 symmetry for the fields 1oy, and v31.) Hereafter, for
simplicity, we will sometimes drop the index f and denote af (HQ) and b/ (H%) as a; and by, respectively. Then, we
obtain the universal texture (1.1) with Eq. (1.2) for the quark and lepton mass matrices.

Since the present model has two Higgs doublets horizontally, flavor-changing neutral currents (FCNCs) are, in
general, 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 GUT scenario cannot give realistic mass matrices without assuming more than two Higgs scalars
[2]. Besides, if we admit that two such scalars remain until the low energy scale, the well-known beautiful coincidence
of the gauge coupling constants at 1 ~ 10'6 GeV will be spoiled. For these problems, we optimistically consider that
only one component of the linear combinations among those Higgs scalars survives at the low energy scale y = my,
while the other component is decoupled at p < Mx. Such an optimistic scenario in a multi-Higgs doublet model is
indeed possible, and the example can be found, for example, in Ref. [3].

The Hermitian matrix H = MM is diagonalized by a unitary matrix Uy, as

UzHUL = diag(m?,m3,m3) , (2.5)



U,=PR, (2.6)
c s 0
11 .. 1
R= \{58 \{ic i/i ) (27)
7@5 ﬁc /3
s:siHO:ML, CZCOSGZ,/ﬁ, (2.8)
mi + ma mi + mg
1
-y = g {b(l—l—x)— 8a2+b2(1+x)2} ,
1
my = 5 {b(1+x)+ 8a2+b2(1+x)2] : (2.9)
m3 = b(l_l.) )

where a, b and x are real parameters given

in Eq. (1.2) [1]. When we consider ms > mg > mq, we can obtain the

Cabibbo-Kobayashi-Maskawa [4] (CKM) matrix V,

CuCd + PSuSd CuSd — PSuCd —O0Sy

V =U!, Uy = RTPR; =

where

1 . .
p= 5(6163 + €¥2) = cos

SuCd — PCuSd SuSd + PCuCq OTCy , (2.10)
—0S84 OCq 14
P=PipP,= diag(eiél,ei‘s"‘, ei‘53) , (2.11)
03— 96 03+ 6
2 2expi< 3; 2) , (2.12)
1, . < d3— 6 d3+6
0’25(6153—6152)=Sin 3 5 2expz'( 3;— 2 +72T> ) (2.13)

where we have taken §; = 0 without losing generality. The result (2.10) leads to the following phase-parameter-
independent predictions [5]

Vu U u
=B [T .0586 + 0.0064 (2.14)

‘/cb Cy me
‘th —Zd_ M 09944 0.014 (2.15)

‘/ts Cq ms

where we have used the values [6] at © = my as the quark mass values. Although the prediction (2.14) is somewhat
small compared with the observed value [7] [Viy/Vea| = (3.6 £0.7) x 1073 /(4.12 £ 2.0) x 1072 ~ 0.087, the prediction
(2.10) is satisfactory, roughly speaking. For the neutrino mass matrix M,,, by taking d5 — d = 7/2, we can obtain [1]
a satisfactory prediction of the lepton mixing matrix V;, = UlU, with a nearly bimaximal mixing.

On the other hand, very recently, it has been pointed out by Matsuda and Nishiura [8] that if we assign the
up-quark masses as (M1, My2, My3) = (My, Mg, me) (they have called it Type B) in contrast to the assignment
(mg1, Mgz, ma3z) = (mg, ms,mp) (Type A) in the mass eigenvalues (2.9), then we can obtain phase-parameter-
independent relations

Vu b

Su m -3
Vi, o / o ( ) X , ( )
‘Vcd =% 99440014, (2.17)
V;:s Cd ms
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instead of the relations (2.14) and (2.15). (We will refer this model as Model II.) The relation (2.16) is in excellent
agreement with the observed value [7] |[Vys| = (3.6 £0.7) x 1073, because we have known |V;3| =~ 1. The relation (2.17)
is consistent with the well-known relation [9] |Vys| =~ \/ma/ms, because we have known |V 5| ~ 1 and |Vq| =~ |Vys] -
Thus, the new assignment of the quark masses by Matsuda and Nishiura seems to be favorable phenomenologically.
However, why is such different assignment between the up- and down-quark masses caused?
When such the inverse assignment is caused in the up-quark sector, the up-quark mixing matrix U, s, is given by

UuL = PuRuT23 5 (218)
where
100
Tos=| 00 1 , (2.19)
010

so that the CKM mixing matrix V is given by

CuCd + PSuSd CuSd — PSuCd —O0Suy
V = TosRI PRy = —05sg ocq p , (2.20)
SuCd — PCuSd SuSd + PCuCd 0Cy

instead of the relation (2.10). The new CKM matrix (2.20) predicts

03 — 09
2 )

[Ves| = |p| = cos (2.21)
instead of the old prediction |V p| ~ sin(ds — d2)/2. In order to give the observed value |Vg| = 0.0412, we must take
03 — 09 = m —¢e with € = 4.27°. In the mass matrix form (1.1), the phase matrix P, has been introduced as a measure
of the phenomenological 2 < 3 symmetry breaking. (We have assumed that the 2 < 3 symmetry is broken only by
the phase parameters.) Therefore, it is natural to consider that such phase parameters (5{ show |5f | < 1. What is
the origin of such a large value d3 — dg ~ 77

III. UNIVERSAL TEXTURE OF QUARK AND LEPTON MASS MATRICES

Stimulated by Model II [8], in the present section, let us speculate 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 II is caused by the
difference of the initial values of the parameters as, by and ¢y between the up- and down-quark sectors in the texture
(1.2). In fact, the mass hierarchies mg > mg > my or my > mgz > m; take place according as y < 0 or zy > 0,
respectively, for by > ay > 0. Therefore, in order to give the assignment (mq, ma, m3) = (Mmy, My, m.), we take the
up-quark mass matrix M, as
0 0
1

M, = a, 1—& |, (3.1)
1

—_ = O

1
0
0

OO =

0
+b,| 0
0 17§u

where we have put z; = 1 — &y (&7 is a small positive parameter). Similarly, if we want to give (mq,me, m3) =
(mg, ms, my), we should take

011 0 0 0
My=ag| 100 | +bs]0 1 —(1-¢&) ) (3.2)
100 0 —(1-¢&) 1

From Egs. (3.1) and (3.2), the following general form of M ¢ is suggested:
P 0 af af

My = | ay by (L—&pbse | . (3.3)
af (l—ff)bfelﬂf bf



On the other hand, we must consider the origin of §3—dy ~ 7, which is required in Eq. (2.21) in Model II. Therefore,
we extend the flavor 2 < 3 symmetry which is generated by the operator Tas , (2.19), to a generalized 2 < 3 symmetry
which is generated by

10 0
TH=10 0 e |, (3.4)
0 e 0
as
THM(TH)T = M . (3.5)

(In the present model, too, we assume that the mass matrix M is symmetric, i.e. MT = M.) The requirement (3.5)
leads to relations

Mz = Myze™ ™ | May = Mzze 2 (3.6)

but the relative phases among M3, Msg and Ms3 are free. Therefore, as trial, we assume that M3, Moz and Ms3
have the same phases, i.e. we assume the mass matrix form

0 ae” a
M= ae™™ be % (1-&b |, (3.7)
a (1=&0 b

where a and b are positive parameters of the model. This mass matrix (3.7) can give a nearly bimaximal mixing as
we show in Appendix. However, we have still 4 parameters in the mass matrix (3.7). We would like to seek for a
model with a more concise structure. As we see in Appendix (A.5), in order to give three different mass eigenvalues,
we may consider either model with ¢ = 0 or £ = 0. However, if we take a model with ¢ = 0, we must introduce an
alternative phase factor in order to explain the observed C'P violation in the quark sectors.

In the present model, we simply assume a texture with £ = 0 in the texture (3.7):

0 e 1 0 0 O 0 ae ™ a
M=al|le™ 0 0|+b]l0e 2 1 ]|=|a be 2 b |, (3.8)
1 0 0 0o 1 1 a b b

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

M = P(0, —¢, 0)- M - P(0, —¢, 0) , (3.9)
where
. 0 a a
M=1|a b be” |, (3.10)
a be'* b
P(01, 8y, 63) = diag(e'?, ei‘;Q,e%) ) (3.11)

The matrix M (‘also M) has the following eigenvalues:

m; = b <\/COSQZ+2k2 cosi) ,
my = b (\/cos2 g + 2k2 + cos Z) , (3.12)

ms = 2bsin§ ,
where k = a/b. Inversely, from Eq. (3.12), we can evaluate the parameters a, b and ¢ as follows:

a=,/—, (3.13)



1
b— 5\/mg ¥ (ma —m1)? (3.14)

¢ ms
tan - = ——— . 3.15
an 2 mo — M ( )

The mixing matrix U for the matrix M is given by

G hon®%%) -
ce /2 gei9/2
A=l - de —H | (317)
YRR A
where the mixing matrix U has been defined by
UMU*=D= diag(—mq, ma, ms) . (3.18)
Therefore, the mixing matrix U for the matrix M is given by
U=P(0,—q§,0)-ﬁzP(O,—(b,O)-fi-P(%%—%). (3.19)
In order to give the phenomenological value d3 — 63 = ™ — € in Model II, we assume
Ou=Eu, Qa=T—¢q, (3.20)

which lead to the mass assignments (my1, My2, My3) = (My, My, me) and (may, Mgz, mas) = (Mg, ms, my), respectively.
Then, we obtain

Uy = P(0,—£,,0) - R, -P(%, %“, —%) , (3.21)
UdzP(O,w—sd,O)-ﬁd-P(Z—%,%—%,—%—k%), (3.22)

so that we obtain the CKM matrix
€u  Eu Eu

(77777) Edf Ed s Ei
47 474

v
;
28%u"d 2 4 474 47 4 4)’

"Rl P(0,7 — eq+2,,0) - Ry P( (3.23)
which essentially gives the same results as the mixing matrix (2.20) in Model II (but with do — 03 = 7 — &4 + &4,) as

far as |Vj;| are concerned. In addition to those predictions, we can obtain a new prediction

[Vea| = cos Pa—On_ gy Za o (3.24)
2 2
Since, from the formula (3.15), we obtain
Eu Me Me
fan =t = ——— o~ —< | 3.25
a 2 My — My, my ( )
€4 Ms— Mg My
fan o = ——F > 3.26
an 2 mb mb ( )
we can predict
V| = s 4 e — 0,033 , (3.27)
my me

by using the quark mass values [6] at © = mz. The value (3.27) is somewhat smaller compared with the observed
value [7] |Veq| = 0.0412 £ 0.0020, but it is roughly in agreement with the experimental value. For reference, the
parameter values of a, b and € which are estimated from the observed quark masses at u = my are listed in Table I.



TABLE I: Parameter values evaluated from the quark mass values at © = mz. For reference, in addition to those in the present
model with £ = 0, those in Model II (with € = 0) are listed.

M, My M.

(m1, ma, m3)| (Mmu, me, me) (ma, ms, mp) | (Me, My, M)
Model a/b 0.00507 0.00986 0.00572
with € Eu = Qu €4 =T — ¢a Ee =T — Qe
£=0 — 0.00748 (0.429°)|= 0.0591 (3.39°)|= 0.117 (6.70°)

b 90.5 GeV 1.50 GeV 0.875 GeV

Model a/b 0.00506 0.00958 0.00541
with 13 0.00745 0.0574 0.111
e=0 b 90.2 GeV 1.54 GeV 0.924 GeV

IV. NEUTRINO MASS MATRIX

Now, let us investigate the lepton sectors under the ansatz (1.4). We again consider that the charged lepton mass
matrix M, is given by the texture (1.4) with ¢. = 7w — e, as well as My. In Model I, the phenomenological parameter
J3 — 02 in the lepton sector was required as d3 — d = m/2. This suggests ¢, = 7/2 in the present model. At present,
there is no reason that we should take ¢, = m/2. However, from the phenomenological point of view, it is worth
investigating the possibility ¢, = /2.

When we consider that the neutrino masses are generated by the seesaw mechanism [10], the neutrino mass matrix
M, is given by M, = MDMglMg, where Mp is a Dirac neutrino mass matrix and Mg is a Majorana mass matrix
of right—-handed neutrino vg;. Although the origin of the mass generation of My is different from that M,,, My, M.
and Mp which are generated by Higgs scalars of SU(2);, doublet, since the texture (1.4) is based on the properties of
flavors of up /g, dp /R, er/r and v g, it is likely that the Majorana mass matrix Mg has also the same texture as the
Dirac mass matrix Mp. However, note that even if we assume that the mass matrices Mp and Mg are given by the
texture (1.4), in general, the matrix MDMglMg does not take the texture (1.4). Only when we consider ¢p = ¢g,
the expression of MDMEIME becomes a little simpler. (In order that MDMglMg has the texture (1.4) completely,
the parameter values have to satisfy the relations ap/agr = bp/br and ¢p = ¢r.) In the present paper, we assume
only that ¢p = ¢r = ¢, and we do not assume ap/ag = bp/br. Then, we obtain

Gy 1 1 — 1 1
M, = Mp M}El Mg :61(%_E+E)P(_§¢u+ 577_5 , — Gy 70) 'M'P<_§¢l/+ 5’”—5 ,— by ,0) ) (41)
0 a a
M=]a b b |, (4.2)
a be’® b
2
ap
= = 4.3
=12, (43)
b= —Dsin@ 1+7"2C0t2@ ) (4.4)
PN 2
anR anR 2
=2 — 4.5
" bpar (bDaR> ’ (4:5)
tane = rcot% , (4.6)

~

p=m—2. (4.7)



Now, we assume ¢, = 7/2 and ap/bp < ar/bgr, (i.e. 7 < 1), so that we obtain

tane =1 . (4.8)
Since the mixing matrices U, and U, are given by

~ 1 1 1
UeL = P(O; _¢Ea 0) ' Re . P(quev 7¢€7 _7¢e) 3 (49)

4 4 4

; x 1 s ~ 1~ 1~ 1~

Uy =e2Ee8p(n—e, —=, 0)-R,-P(=¢, -6, — 4.10
L € 2 4 (47T E’ 27 ) (4¢’ 4¢7 4¢) ) ( )

where ¢, = 7 — €., qAS =7 — 2¢, and ﬁe and ﬁl, are given by Eq.(3.17), the lepton mixing matrix V, = UJLU,,L is
expressed as follows:

Cocy el 4 PSeSy CoS, €01 — PSeCy —0Se

5

Vi=| sccy€® — pees, sesye® + peeey oce | (4.11)

—0S, oc, p

Me My
s, =, |—< ¢, = | —H 4.12

C\Vmu+me my + me (4.12)
s, = / my1 7 o my2 ’ (413)
my2 + My my2 + My

m 6 _ o
PN 414
1 4 €+ 9 9 ) ( )
and p and o are defined by Egs. (2.12) and (2.13) with d = ¢ — 7 = e, — 7/2 and J5 = 0. Exactly speaking, the
mixing matrix V; is given by

where

-~

(e_z 1 1,1 PN 1~ 1~ 1
w:elz( 4)P(_1¢e> —Z%, Z¢e)'VZ'P(Z¢a Z(b’ _Z‘b)’ (4.15)

where V, in the expression (4.15) is defined by V; in Eq. (4.11). As far as the magnitudes of (Vi):j are concerned,
we can drop the phase factors ei%(g_%)P(—i@,—%cﬁe, $0c) and P(i(/ﬁ, i&—iA). Of course, when we deal with
neutrinoless double beta decay, a C'P violation process, and so on, we must exactly take those phase factors into
consideration. For a time, since we discuss sin® 20,4,, and tan? Oso1ar, We neglect those phase factors.

For sin? 20,,,, we obtain

it W, = AV |Vl = Aol = T in(§ )
2
~op o e 4<m“> =098 . (4.16)
my mr
We also obtain
2 2.2 Me my
= ~ e (1o ) — 0021 . 41
(Vi = of's? = e (1-22) =000 (w17)

These values (4.16) and (4.17) are consistent with the observed values [11, 12].
For tan? fs1q,-, We obtain as follows. Note that in the expression (Ve)ij (4,5 =1,2) given by Eq. (4.11), the relative
phase of the first term to the second term, §; — (95 + d2)/2, is given by

53+52_ s 1~ 1 1 s .
B —(4_5_2¢+2¢e>_2(_2+¢6>_0 ) (418)

01 —



so that we can write (V7);; as

(Vo)1 = (cecy + \p|sesy)ei51 , (4.19)
(V)12 = (cesy — |P|580u)ei61 ) (4.20)
and so on. Therefore, we obtain
2 Sy Se 2 2
= W _(EWEN (0" o
solar |(w)11|2 1+|pz7:z7: ¢y My )

for s, /c, = /M1 /M2 > se/ce = \/Me/m,,. (The alternative case s, /¢, < s¢/c. is ruled out because the case leads
to a very small value of tan? Osotar-)

For Am2,,. and Am2,,, from Eq. (3.12) with ¢ = ¢ = 7 — 2, we can obtain
Am3, = m3 —m? = 4b* sineV/sin? ¢ + 2k2 , (4.22)
Am2, = m2 —m32 = 4b? <1 - gsirﬁ e %kQ - 2sins\/m> , (4.23)
where
k=2 = \@azjbR cose (4.24)
b brar

so that we predict

Am2
R="21 o sinev/sin?e + 242 ) (4.25)

2
Ams3,

for small €2 and k2. On the other hand, from Eqgs. (3.13) — (3.14) [i.e. tane = (mya — m,1)/my3), we obtain

4_ \/ 21y =22 /12 sine (4.26)
b ’ '

k

m2y + (M2 —my1)? 1 —mur/mus

Therefore, if we give a value

8
If

(4.27)

sine

we can obtain the value of my1/m,o as follows:

a1
tan? Oyorar ~ 2L = (1 +a22 -1+ 29;2) . (4.28)

mMyy 2

In the present model, since the value of R = Am3, /Am3, depends on the parameters ¢ and x, the value of tan? 0.4
cannot be predicted from the charged lepton masses only. In other words, if we give the values R and tan® .,,., we
can determine the values x and ¢ (k and ¢), so that we can also determine the value of m,1, m,2 and m,3. In Table
I, we list the numerical predictions m,1/m,2 = tan? Os,1q and (my1, My, m,3) for typical values of x = k/sine,
where we have used the input values [12-14]

6.9 x 1075 eV?

Robs = 555 10-3 ov2

=276 x 1072, (4.29)

and Am2,, = 2.5x 1072 eV2. The value m,1/m, in Table II has been evaluated from Eq. (4.26). From the relation

2. oo 2
R (ml,2> 1 (tan esolar) (430)

my3 1 — (my2/my3)?
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TABLE II: Values tan? 0504 and mu; (i =1,2,3) for typical value of z = k/sine

T |my1/mue = tan? Osorar |23 = mua/muz|mur [eV] muz [eV] mus [eV]|tane
2 1/2=0.5 0.188 0.0048 0.0096 0.0509 0.094
V2 33— \/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

we obtain

ros = 22 — \/ s (4.31)

my3 1- tan4 Hsolar +R '

The mass values m,; in Table II have been obtained from

A 2
Tatm (4.32)
1—r3,

my3 =

My = ragMys and My = Mys tan? Os1q,-. The value of tan e in Table IT has been estimated, not from the approximate
relation (4.25), but from the exact relation

tane = M2 <1 - myl) =ro3(1 — tan? Osolar) - (4.33)
my3 my2

V. SUMMARY

In conclusion, we have proposed a universal texture (1.4) of quark and lepton mass matrices. The mass matrix

M is invariant under the extended flavor 2 < 3 permutation T;g, (3.4), as T%M(T%)T = M. Besides, the matrix
elements M;; (¢ = 2,3) are exactly democratic apart from their phases, i.e.

0 e 1 0 0 0
My=as | e 0 0 |[(Ha)+bs| 0 e 2 1 [(Hp). (5.1)
1 0 O 0 1 1

The mass matrix M is described by two parameters ¢ and a/b, as for as the mass ratios and mixings are concerned.

For quark sectors M, and My, we take the parameter ¢ as ¢, = ¢, and ¢4 = 7™ — €4, respectively, where €,, and ¢4
are small positive parameters. Then, we can obtain successful relations for the CKM mixing parameters in terms of
quark masses. (Note that, in Models I and II, the value of |V, is given by a phenomenological parameter (03 — d2)
independently of the quark mass ratios, while, in the present model, |V;| is given in terms of quark mass rations as
shown in Eq. (3.27).) For the charged lepton mass matrix M., we take ¢, = m — e, as well as ¢4 = m — €4, while,
for the neutrino mass matrix M, we take ¢, = 7/2 in order to give a nearly bimaximal mixing. The neutrino mass
matrix M, is described by two parameters ¢ and k = a/b. The predictions sin® 2044,, and |(V2)13|* are given only in
terms of charged lepton masses independently of the parameters ¢ and k, as shown in Egs. (4.16) and (4.17). These
predictions are favorable to the data. On the other hand, the quantities tan? fspiar, R = Am?olar/Amgm and m,;
(i =1,2,3) are dependent on the parameters € and k in the neutrino mass matrix M,,. In Table II, we have listed the
predictions for typical values of x = k/sine.

Although we have taken ¢, = m — &, for the charged lepton sector, it is not essential. If we take ¢, = e, as well
as ¢y, the results for the neutrino mixing are substantially uncharged (e.g. Egs. (4.16) and (4.17) become merely
sin® 2044 =~ 1 — me/m, and |(Vi)13|> ~ me/2m,, respectively). However, the choice ¢, = /2 is essential. If we
choose another value of ¢, we cannot obtain sin® 26,4, ~ 1. It is an open question why we must choose ¢ = /2
only for the neutrino sector.

Since as seen in Table I the parameter values of ¢ (and a/b) which are determined from the observed fermion
masses are different from each other (i.e. a. # dg, b. # bg and ¢. # ¢4), the present model cannot be applied to
a grand unification theory (GUT) model straightforwardly. However, for example, in an SU(5) GUT model, with

matter fields 5+10+5 + 5/ [15], we can consider a 5 5 mixing. Therefore, the problem that the parameter values
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are not universal is not so serious defect even for a GUT model. Because of its simpleness of the texture (1.4) with

few parameters, it will be worthwhile taking the present universal texture seriously,

Appendix

It is convenient to rewrite the mass matrix

0 ae~ a
M= ae ™ be 2 (1-&b |,
a (1—¢b b

as
M:P(Ovid)ao) MP((L*Q%O) )
where

P(681,04,03) = diag(e”, 2, ") |

. 0 a a
M=1a b (1 — &)bet®
a (1—¢&)be' b

The eigenvalues m; and mixing matrix U of the mass matrix M are follows:

my = 5(/p? +8k2 = p)b ,
my = 5(\/pP* +8k2 +p)b
m3:qba
~ 6 6 0
= P _—— ==, =
U=R-P(-5,-5.5).
ce® sed
5 1 1 1
R: —WS %C _ﬁ s
_ g 1, 1
28 R¢ e

where k = a/b,

P =€+ 40— geos’ D |

P =440 -’ D

tand = =7 f@ g);)iréi .
and the mixing matrix U is defined by

UMU*=D = diag(—my,me, m3) .
Therefore, the mixing matrix U for the matrix M is given by

6 60 6

U=P(0,-$,0)-U = P(0,-$,0)- R- P(—5,~5,-) .

27 272

(A.5)

(A.6)

(A.11)

(A.12)
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If we put ¢ = 0, then the results (A.5) — (A.10) become those in Models I and II. The model (1.4) in the present
paper corresponds to one with £ = 0.
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