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Phenomenological analysis of lepton and quark mass matrices
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We propose a model in which all quark and lepton mass matrices originally have the same zero texture,
namely, their(1,1), (1,3), and(3,1) components are zeros. For the neutrino mass matrix, we further impose
symmetry between the second and the third generations. Then the neutrino mass matrix has maximal
mixing. Our model is consistent with all the neutrino oscillation experiments and also the experimental data in
the quark sector. The neutrino mass matrix also can be well incorporated with the seesaw mechanism.
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The recent neutrino oscillation experiment$] have M, under permutation of the second and third generations in
brought us much knowledge of neutrino masses and leptoplace of the form of Eq(3). That is, first let us decompose
mixing. At this stage, the phenomenological construction otthe M, of Eq. (3) into symmetric and antisymmetric parts
qguark and lepton mass matrices might be an important stewith respect to the permutation of the second and third gen-
toward the understanding of high energy physics beyond therations,
standard model. In our previous pag@i, we proposed a

mass matrix model in which all quark and lepton mass ma- 1 1
trices have the same textufgee alsd3-9]): 0 §Av §Av
0 AL O .
0 A O Av Bv Cv = _Ay E(Dv—’_Bv) CV
M=|A B C|. (1) o c, D, .
°oc b 5A,  C. 3(D,+B)
That is M, My, and M, [mass matrices of up quarks
(u,c,t), down quarks d,s,b), and charged lepton®(u, 1), 1 1
respectively have the same zero texture as follows: 0 EA” - §A”
0 A, O 1A 1 D.—B.) 0 y
+| = - =(D,— .
Mu: Au Bu Cu ’ 2 14 2( 14 14 ( )
0 Cc, D 1 1
! ! - _AV 0 E(Dv_ Bv)
0 Ay O
My=P4| A« Bg Cq|PI, Then, by imposing the above symmetry dh,, we keep
0 C, D, only the symmetric part,
0 A. O 0 A C(t)
M, = AV BV v
M.=P.| Ac Be Cc|P!. ) g
0 C. D¢ o ¢ D, 2<3sympart
) o 1 1
where Py =diag(e'“t,e'“2,€'*3), aj;=a;—«a;, and P, 0 =A, A,
=diag(e'#1,e'P2,e'P3), B;;=pB;—p; are the CP violating 2 2
phase factors. In Ref2], we also assumed that the mass 1 1
matrix M, of neutrinos ¢.,v,,v,) has the same texture: = §Av E(DV“L B,) C,
1 1
O A0 SA, C (DB
M,=(A, B, C,J|. 3
0 C, D, o v, Y,
. . . =Y, Z, W
In this paper, however, motivated by the maximal atmo- v v ®)
spheric neutrino mixing1], we further impose symmetry of Y, W, Z,
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The structure of Eq(5) was previously suggested in Refs. M, is diagonalized by,O,. Here the orthogonal matri®,
[10-14 using the basis where the charged-lepton mass maghich diagonalizes PIMP, as OJPIM.P.O.=diag
trix is diagonal. ForMu, Md! and Me, we keep both the (_me,mﬂ,mr) is obtained, forrnr>mlu>me, as
symmetric and antisymmetric parts. Equatié®sand(5) are
our new proposed mass matrix forms for quarks and leptons.

In this paper, in order to get the neutrino mass eigenval- 1

ues, we assign
m;m, 1
YV:i 2 ZVZE(m3+m2_m1)l

1
WV:_E(ms_m2+m1)a (6)

wherem;, m,, andms are the neutrino masses. Then e
is diagonalized by an orthogonal matr@®, as OIM L0,
=diag(—my,m,,mz) with

S LS SR
(my+mg)  — V(my+my)
my m, 1
0,= \/2<m2+m1> \/2(m2+m1> 2@

Y i
2(my+my) 2(mp+my) 2

Note that the elements @, are independent ahg because
of the above structure d¥l .

Next let us discuss the mass matik, of the charged
leptons. Using the type | set discussed in R2f, we assign
Ac=\mem,m_/(m,—m,), Be=m,, Ce
=ymem,(m,—m,—mg)/(m,—m,), and De=m —ms.

Herem,, m,, andm_ are the charged-lepton masses. Then

M. becomes
0 ymem,, 0
Me=Pe[ VMem, M, VMM, Pl
0 VMmem, m,—mg

(for m,>m,>m,) (8)

me mim,,
m m3

L

O=| — /T 1 VTl 9
m, m,
m2 m. L
m,m, m,

In this case, the Maki-Nakagawa-Saké&tdNS) [15] lepton
mixing matrix U is given by

Uel UeZ Ue3
U=P/PlOIP.O,P=| Uu U, U, (10
UTl UT2 U7'3

whereP,=diag(i,1,1) is included to have positive neutrino
masses. Th@/ P/ factor leadsU to a form whose diagonal
elements are real to a good approximation. We obtain the
expressions for some elementslty keeping terms up to
order of ymg/m,, as follows:

Uel_+\/(m2+m1) (my+m;y) mﬂe ’
'(i [ M
(my+m;y)
) ,/Eeiﬁu),
(m2+m1) m,u
1 /me i
~ —7:812
Ues I\/E m e )

w

Ugr=—

(11)

Here we neglect terms of order anezlmﬂmf. In the leading
order with respective tan./m,,, we have

_ m, . my 1 me .
T\ ——— (i) ———— —i—=\/—e P
(my+my) (my+my) J2 Vm,
U=| it _ M L (12)
= 2(my+m;) 2(my+m;) 2
L _ M 1
"N 2(m,+my) 2(my+my) 2

From Eg.(12), we obtain a maximal atmospheric neutrino mixing an@lg= /4. The averaged neutrino mass,)
E|EJ»3:1U§J-mj| defined from the neutrinoless double beta d€d#} is also obtained from Eq11), as
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FIG. 1. The allowed regions af andm?. The dark- and light-
shaded regions are allowed for LMA and SMA solutions, EG8) FIG. 2. The allowed regions diU,|?> and m;. The allowed
and (19), respectively. The curve passing inside those shaded reregions are inside the boundary curves for each f'tXeufz.
gions is allowed for each fixedm2,.

In the following discussion we consider the normal mass
Me hierarchyAm2,>0 for the neutrino mass. The case of the
(m,)y= +m2 m, | — . = 2 SRR
m, inverse mass hierarchym5;<<0 is quite similar to that of

the normal mass hierarchy. Substitutimg=0.51 MeV and
=2, /%eiﬁlz _ 13 M= 106 MeV into Eq.(11), we predict
w

|U¢s3l?=0.0024, (16)
It should be noted thath,, m,, andm; remain free param-

eters and can be fixed from the solar and atmospheric newvhich is consistent with the experimental constraint
trino data|U,|?, Am,,,, andAm3,, as well as the averaged |U;|3,,<0.03 obtained from the CHOOZL7], solar, and
neutrino mass from neutrinoless double beta degay).  atmospheric neutrino experimerits]. Let us estimate the
From Egs.(11) and(13), by varying the unknowrCP vio- neutrino massn; by fitting the experimental data. From the
lating phaseB;,, we obtain the following constraints on solar neutrino experiment, we have

[Uezl? and(m,):

\/ \/ Vi, me|
m2+ mq mo + mq
\/m2+ m,

Ami,=m—mi=AmZ,mswy=1.0<107° eV?, (17)

0.3<|Ug|2<0.7 for LMA MSW, (18)

<|Uel?< 1X10 3<|Ug[?<1x10°2  for SMA MSW, (19)

. (14

m,+m
2 for the large mixing angléLMA ) and the small mixing angle
(SMA) Mikheyev-Smirnov-Wolfenstein(MSW) solutions.

From the atmospheric neutrino experimghf, we also have

SE

_|_

2
3

|

I

N

3
3

|

Ami=mi—mi=AmZ,=(1-7)X10 3 eV?. (20

Combining these experimental data with Etg), we obtain
(15)  the allowed regions in then3-m7 plane, which are shown in

(a) * (b) y
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Fig. 1. The allowed regions in th& ¢,|?>-m; plane are shown Finally, let us incorporate the seesaw mechanism in our
in Fig. 2. From Eq/(15), we also obtain the allowed regions model. In the seesaw mechanidi®2], the neutrino mass
in the (m,)-m; plane as shown in Fig. 3. It turns out from matrix M, is given byM ,= —M{Mz*Mp . HereMy, is the
Fig. 2 and Fig. 3 that largém,) prefers the large mixing Dirac neutrino mass matrix anbllg is the Majorana mass
angle MSW solution for the solar neutrino problem. Frommatrix of the right-handed components. In this paper, we
Fig. 3 and the recent experimental upper boufrd,) furthermore assume thal, and Mz have the same zero
<0.2 eV [18], we obtain the upper bound fan, asm, texture asvl, of Eq. (5):
=<1.5 eV. If we impose the constraint of neutrino masses 0o A 0 0 Y. Y

. . . D D D
from the astrophysical observatidt9], =;m;<1.8 eV, in

Fig. 3, we obtain Mp=| Ao Bp Cp =| Yo Zp Wp |,
(m,)=0.08 eV. (21) O Co Do/yseympan ' Yo Wo Zo

Recently, Klapdor-Kleingrothaust al. [20] have discussed 0 Az O 0 Yr Yr

the evidence for neutrinoless double beta decay. If this isMg=| Ar Br Cg =| Yr Zr Wi

true, it is big news. 'I_'hey have. reportgﬁnv)=0.05 0 Cg Dg Yo Ws Zgs

—0.84 eV(95% C.L), which is consistent with E¢21). 2e3sympart 22)

The mass matrices for quarké; and M, in Eq. (2) are
the same as in our previous model and the phenomenologicd@his form conserves its form via the seesaw mechanism as
results from them were discussed in R&. My andM, are  discussed in Ref[10]; namely, theM, given by M =
assumed to be of type I, similarly to the charged Ieptons—MEMglMD takes the same form too and is given by Eg.
given in Eq. (8). The Cabibbo-Kobayashi-Maskaw@1] (5).
quark mixing matrix derived from thosd andM, is con- The work of K.M. is supported by the JSPS Research
sistent with the experimental dat@&ee Ref[2] for details) Grant No. 10421.
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