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Against the conventional picture that the mass matrix forms in the quark sec-
tors will take somewhat different structures from those in the lepton sectors, a
possibility that all the mass matrices of quarks and leptons have the same form
as in the neutrinos is investigated. For the lepton sectors, the model leads to
a nearly bimaximal mixing with the prediction |Ues|? = me/2m, = 0.0024
and tan?8,,; ~ my,1/my2, and so on. For the quark sectors, it can lead to

reasonable values of the CKM mixing matrix and masses: |Vus| ~ +/mg/ms,
|Vub| ja |Vcb|vmu/mm |‘/td| ja |Vcb| : |Vus|: and so on.

1. Model

Recent neutrino oscillation experiments''?%* have highly suggested a nearly
bimaximal mixing (sin2 2015 ~ 1, sin? 2093 ~ 1) together with a small ratio
R = Am?,/Am3; ~ 1072, On the other hand, we know that the observed
quark mixing matrix Vg gar is characterized by small mixing angles. Thus,
the mixing matrices of quarks and leptons are very different from each other.
Therefore, usually, the following picture is accepted: the mass matrix forms
in the quark sectors will take somewhat different structures from those in
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the lepton sectors.

Against such a conventional picture, we investigate a possibility that
all the mass matrices of quarks and leptons have the same forms as in the
neutrino sector:

0 af af
M; = a;y bf cy (f = u,d, I/,e), (2)
af Cf bf

where P; = diag(e”lf , PH , e”g), and the mass matrix J/V_f\f is invariant under
a permutation symmetry between second and third generations. The mass
matrix parameters ay, by, and c; can be expressed in terms of the mass
eigenvalues as ay = (/mgpamy1/2, by = (my3/2) [1+ (mspa — myp1)/mys),
and Cy = —(mf3/2) [1 — (me — mfl)/mfg].

The mass matrix form (2) was suggested from the neutrino mass matrix
form ® which leads to a nearly bimaximal mixing

¢, s, 0

_ 3y, Cu 1
U=|-%4/ —I/—g , (3)
R RRE

where UF M, U, = diag(—m,1, m,2, m,3) and

my2 . my1
¢, =cos, =,/ —F— 5, =sinf, =,/———— . (4)
myo + Myt myo + Myt

Note that the matrix form (1) with (2) is almost invariant under the
renormalization group equation (RGE) effects, so that we can use the ex-
pression (1) with (2) for the predictions of the physical quantities in the
low-energy region, as well as those at the unification scale. The zeros in this
mass matrix are constrained by a discrete symmetry Zg that is discussed in
Ref.%, defined at a unification scale (the scale does not always mean “grand
unification scale”). This discrete symmetry Zs is broken below u = Mg, at
which the right-handed neutrinos acquire heavy Majorana masses. There-
fore, the matrix form (1) will, in general, be changed by the RGE effects.
Nevertheless, we can use the expression (1) with (2) for the predictions of
the physical quantities in the low-energy region, as discussed in Ref. 6.
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2. Quark mixing matrix

The quark mass matrices with the form (1) are diagonalized by the bi-
unitary transformation Dy = UITIfoURf, where Ur; = ngOf, Ugry =
PIT%fOf, and Oq4 (O,) is given by

Cf Sf 0
— 3 2 1
Or=\| -7/ 7% —F . (5)
Jf Cf
V2 V2 V2

(For simplicity, hereafter, we will take Pp = P£, so that the matrix M;
becomes a symmetric matrix. However, this assumption is not essential for
the results in the present model.) Then, the Cabibbo-Kobayashi-Maskawa
(CKM) quark mixing matrix V is given by

V=U}l Uys=0TP,PlO,

CuCd + PSuSd CySd — PSuCd —OSy
= | suca— pcusqa Susqa+pcuca oCcy |, (6)
—0 84 gcq P

where p and o are defined by
1

p= E(e“s3 + €%y o= E(e“s3 —eilz) (7)

Here we have put P = Png = diag(e’t, e, "), and we have taken
§1 = 0 without loss of generality.

From the expression (6), we obtain the phase-parameter independent
predictions (the 3rd generation quark-mass independent predictions )

[Vas| _ su my  |[Via| _ sa _ [ma (8)
|Vcb| Cu me ’ “/ts | Cd ms ’
which are almost independent of the RGE effects.

Next let us fix the parameters 3 and d3. From the relation

[Ves| = ! sin 05 — 42 , (9)

14+ my/m, 2
and the observed value & |V.;| = 0.0412 4 0.0020, we obtain 3 — ds =
4.59° 4+ 0.21°. Also, from the expression of |V,,|, we can obtain the value
ds + 62 = 93° + 22°. Because of the small value sin(ds — d2)/2 ~ 0.04, we
obtain the following approximate relations

my my
|Vu,| s — |ch‘d| s — |Vvtd| = |chb| ) |Vus| y (10)
V ms V m,
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which are consistent with the present experimental data 8.
In the present model, the rephasing invariant Jarlskog parameter J is
given by

.0 . d3+4
J = |o-|2|p|cusucdsdsm% ~ |Vub || Ven|| Vas | sin 3—; 2. (11)

Therefore, the phase factor 4 in the standard expression of V' corresponds to

8 ~ &3 + /2 in the present model. We predict |J| = (1.91 4 0.38) x 1075.

3. Lepton mixing matrix

We assume that the neutrino masses are generated via the seesaw mecha-
nism M, = —MDMﬁlMg. Here Mp and Mpg are the Dirac neutrino and
the right-handed Majorana neutrino mass matrices. Note that when we
assume the same matrix forms (1) for Mp and Mg, the effective neutrino
mass matrix M, = —MDMI?MD is again given by the same texture (1):

M, = —PiMp Mgz M P} = P} M, P} . (12)

Therefore, we obtain the lepton mixing matrix U

CeCy + pusesu CeSy — pusecu —O0pSe
—_ T —
U=0; PO, = | scCy — puCeSy  SeSy + puceCy guce |, (13)
—0y Sy 0yCy pu

where P = P.P} = diag(e?*1, et¥2 ¢'9v2). Hereafter we will again take
4,1 = 0 without loss of generality. Note that V = O:":POd, while
U = 0T PO,, so that all the mixing formulae in the lepton sectors are given
by the replacement (m.,m.,m;) — (me,my, m;) and (mg, m,,my) —
(mu1, my2, myg) in those in the quark sectors. However, this does not means
that the physics in the up-quark (down-quark) sector corresponds to the
physics in the charged lepton (neutrino) sector. In fact, as we see in Table
1, the parameter values in each sector are different from the other.
We obtain the phase-parameter independent predictions

Uis| _ se me [Usi| _ sv _ [mun

_ Se , — v . 14
|Uz2s|  ce my |Us2| ¢ my2 (14)

The neutrino mixing angle 64, under the constraint [AmZs| > |Ami,| is
given by

sin? 20, = 4|Uss|? [Uss|® = 4 1o, P |ov [P 2 = — £ sin?(d,5 — 6,2) -
my + Me
(15)
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Table 1.

Input values m; and output values az, by and cz. The

numerical values are given in unit of GeV except for the neutrino

sector (in unit of €V). The input values are those

9

at u = mg

except for the neutrino sector (for the neutrino sector, see the text).

Inputs Outputs
| mn mfz i3 af by —cf
u 0.00233 0.677 181 0.0280 90.8 90.2
d 0.00469 0.0934 3.00 0.0148 1.54 1.46
e | 0.000487 0.103 1.75 0.00500 0.924 0.822
v 0.0030 0.0088 0.050 0.0036 0.028 0.022

koide

We assume the maximal mixing between v, and v,, so that we take 4,3 —
d,9 = w/2. Then, the model predicts

1 e
Us|? = = — ¢ — 0.00236 ,
2my, +m,

(16)

2 < 0.03 from the CHOOZ

exp

which is consistent with the constraint |U;g

data 2. The mixing angle 6,,;,, is given by
4mu1/mu2
(]- + mul/mu2)2 ’

which leads to the relation m,1/m,2 ~ tan? 0,014,. Therefore, the best fit
value 2 tan? 6,1, = 0.34 predicts the neutrino mass ratio m,1 /My ~ 0.34,

SiIl2 2630[@1‘ =1 |U'1]_|2 |U12|2 ~ (17)

so that we can obtain the neutrino masses

my1 = 0.0030eV , my,s = 0.0088e¢V , m,3 = 0.050eV , (18)
where we have used the best fit values 41 of Am?olar =6.9%x 1075 eV? and
Amztm =2.5x 1073 V2,

We also obtain the averaged neutrino mass (m,) ~ (1072 — 107%) eV,
but the explicit value is highly dependent on the value of §, = (d,5+d,2)/2.
At present, we cannot fix the value of 4,,.

4. Conclusion

In conclusion, stimulated by recent neutrino data, which suggest a nearly
bimaximal mixing, we have investigated a possibility that all the mass ma-
trices of quarks and leptons have the same texture as the neutrino mass
matrix. In spite of the assumption of the universal texture for all the
fermion mass matrices, we can obtain the differences between V, 4.z and

Viepton as follows: (i) the mixing between 1st and 2nd generations is given
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by tanf12 = 4/m1/ma, so that the well-known empirical relation |V,,| ~
v/mg/m; is due to the observed mass rations m, /m. < mq/m, < 1, and
the nearly maximal mixing |V,3| ~ 1/4/2 is due to the approximate de-
generacy m,1 ~ m,3 and the observed mass ratio m./m, < 1; (ii) the
mixing between 2nd and 3rd generations is given by the relation (9) (and
the corresponding relation in the lepton sector), so that the small value
|Ves| ~ 0.04 means (63 — d2)/2 ~ 0.04 and m,/m, < 1, and the maximal
mixing V,3 ~ 1/+/2 means 83 — 63 ~ 7/2 together with m./m, < 1.

The present data in the quark sectors have already fixed the C' P violat-
ing phase parameters d3 and d5, while the present neutrino data have yet
not fixed the parameter (4,3 + §,2)/2, although they have fixed the value
of (8,3 —68,2)/2. We hope that future experiments on the C' P violation will
fix our remaining parameter é,. Then, we will be able to obtain a clue to
the origin of our phase parameters &; (d,;).

Since, in the present model, each mass matrix M; (i.e. the Yukawa
coupling Y;) takes different values of the parameters ay, by, and so on, the
present model cannot be embedded into a GUT scenario. In spite of such
a demerit, however, it is worth while noting that the present model can
give a unified description of quark and lepton mass matrices with the same
texture.
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