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Two parameter texture of nearly bimaximal neutrino mixing
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We propose a texture of a three generation Majorana-type neutrino mass matrix in terms of only two
parameters which gives rise to nearly bimaximal mixing angles. We also demonstrate an explicit realization of
such a type of neutrino mass-matrix in the context of a2k U(1)y model due to higher-dimensional mass
terms through the inclusion of discrefg X Z, symmetry and two extra singlet Higgs fields.

PACS numbeps): 14.60.Pq, 12.60.Fr, 13.40.Em

[. INTRODUCTION the implication ofL.-L ,-L . symmetry has been discussed to
realize light neutrino mass both via seesaw mechanism and

Evidence in favor of neutrino oscillatiofas well as neu- . . TS
. . . low-energy effective theory. An investigation in this path has
trino mas$ has been provided by the Super-Kamiokande, 9y y g P

i : ) also been done in Ref8] through the introduction of a par-
(SK) atmospheric neutrino experimefif] through the mea- tially conserved chiral ); XU(1);, symmetry with the
surement of magnitude and angular distribution of the 1 2

flux produced in the atmosphere due to cosmic ray interac§tamOIarOI model gauge group to generate both quark and lep-

. . . . ton mass matrices. Apart from the successful description of
tions. Observed d_epl_etlon of, flux in earth has peen Inter- quark and lepton mass matrices, however, in this model a
preted as the oscillation of, to some other species of neu-

. _ S i - =H7 Jarge value of Higgs coupling of the term of dimension
trino. In a two flavor neutrino oscillation scenario, oscillation greater than 4 is needed to avoid the conflict between the

betweenwv,-v,, the experimental result leads to maximal minimization condition of the Higgs potential and the choice
mixing between two species $i2/=0.82 with a mass- of jow value of the vacuum expectation val(¢EV) of an
squared differencé\ m3,,~(5x10 “-6x103) eVA Fur-  SU(2), triplet Higgs field when vacuum oscillation solution
thermore, recent result of SuperKamiokande experiment dissf solar neutrino problem is considered in addition with the
favors any large mixing between purely, and v (sterile  atmospheric neutrino experimental result. This problem is
neutring at 99% C.L.[2]. The solar neutrino experimental avoided in the present model by discarding any hard (dim
results[3] are also in concordance with the interpretation of=4) discrete symmetry violating term in the scalar potential.
atmospheric neutrino experimental result and the data pro- In this work, we propose an explicit pattern of two param-
vide the following values as Amgﬂ~(0.8—2) eter texture _of neutring mass matrix which gives rise to
X 10 5eV?, sirf26~1 [large angle Mikheyev-Smirnov- nearly b|maX|.maI neutrino m|xmg_and also can accommo-
Wolfenstein (MSW)  solutior]  or Am§M~(O.5—6) date the required mass-squargd differences to expla_un t_he So-
lar (by large angle MSW solution or by vacuum oscillation
. . and atmospheric neutrino experimental results. Next, we
thermore, ‘Qe CHSOZZ exp_erlmental resit] gives the demonstrate an explicit realization of the proposed texture
valqe Of_Amex< 10"*eV? or sir? 266‘><<,0'2' Inlorder to 'rec— within the framework of an S(2), X U(1)y model with an
oncile with the_solar and at_mospherlc neut_nno _experlmen_taéxtended Higgs sector and discrete symmetry. The plan of
results, a possible explanation known as bimaximal neutringne paper is as follows. Section Il contains the proposed neu-
mixing is advocated5], in which 61,= 6,3=45°, and if, the  trino mass-matrix and its phenomenology. A model accom-
CHOOZ experimental result is interpreted in termsvgfv,  plishes the proposed mass matrix is presented in Sec. III.

oscillation, then#;;<<13°. Another scenario could still be Section IV contains a summary of the present work.
possible if the solar neutrino experimental result is explained

in terms of small angle MSW solution, however, we have not
addressed this scenario in the present work. In the present
work, we propose a texture of Majorana-type neutrino mass Before going into the details, first of all, we consider the
matrix in terms of only two parameters considering onlycharged lepton mass matrix is diagonal in flavor space. Con-
three generations of neutrinos. Two parameter texture ofider now the following Majorana-type neutrino mass matrix
neutrino mass matrix has also been discussed ed@ieB].  with the basis of the leptonic field$( ,1,, ,15.) [wherel;

In Ref. [6], with three light neutrinos, different zeroth order have (2,1) quantum numbers under §2), X U(1)y gauge
textures of both neutrino and charged lepton mass matricagoup,i is the generation indgx

has been proposed in view of the solar and atmospheric neu-

x 10 1%eV?, sirf26~1 (vacuum oscillation solution Fur-

II. NEUTRINO MASS MATRIX

trino experimental results advocating the implication of fla- 0 a a
vor symmetry. A detailed analysis is found in Rf] where
y y y ] M—-la o0 bl @
a b 0
*Email address: ambar@snis.u-shizuoka-ken.ac.jp,
gp1195@mail.a.u-shizuoka-ken.ac.jp wherea and b are two real model independent parameters
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and we considea#b so thatM, contains at least two pa- fining the leptonic fields. The elements ldf, can be gener-
rameters. Also it is to be noted that the absence.0f mass ated either by radiative mechanism or by nonrenormalizable
term in the above neutrino mass matrix evades the bound amass operators. We have not addressed here the see-saw-
the Majorana-type neutrino due 88,, decay. Moreover, type mass generation because in that case a judicious choice
the above texture admits no observaBRviolating effectin ~ of Dirac-type neutrino mass matrix is necessary. Diagonaliz-
the leptonic sector as the number of parameters is only 4ng the neutrino mass matrid , by an orthogonal transfor-

The phases of andb could easily be rotated away by rede- mation asO™™ ,0=M D=diag(—mvl,mV2,mV3), where

C31C12 C31S12 S31
O=| —C2sS12—S23531C12  C12C23~ 523831512 S23Ca1 |, (2
S235127 C23531C12  —S23C127S31512C23  C23Ca1
|
we obtain the following values of the mixing angles: maximal neutrino mixing. In this situation, although we ob-
tain the exact bimaximal neutrino mixing, however, the ob-
m,, tained eigenvaluesi, =m,_andm,_ =0, can be fitted with

65,=0, tarf 6},= - (3)

v ar
‘9232_2:

either the solar or the atmospheric neutrino experimental re-
sult. Removal of degeneracy between the two eigenvalues
and the eigenvalues of the above mass matrix comes out asquire further higher order corrections. For our analysis, we
set the value oA m3,= Am2,, which in turn sets the value of

V2

-m. = b—x 01,. The value ofx depends on the hierarchical relation be-
o2 tweena andb parameters which is manifested from the val-
ues of
_ b+tx
M, =2 AmZ,=bx 6)
-m, = b, (4) and
wherex= b2+ 8a?. The sign ofm, andm, can be made , 1
positive by redefining lepton doublet fields. Furthermore, in 4

terms of the three eigenvaluars,l, m,, andmvs, the mixing

H 2 2 —
matrix O can be written as Now, if, b“>8a*, then the value ok comes out ag=b and

Am2,=0, Am3,=b?, hence, in this case it is not possible to
Cio S1o 0 accommodate both the results of solar and atmospheric neu-
trino experiments. Thus, for a phenomenologically viable

iSlZ 1 Cy — 1 model, we have to considerthe_hierarchgfa—b2 and in this
O= V2 V2 V2 casem,, has also become positive. The pattern of neutrino
1 1 1 mass is presented in Fig. 1. In this situation, we obtain
- s, —Cpp — Am3,=2v2ab, Am3;=2a? For a typical value ofAm3,
V2 V2 2 ~4x 10 3eV2 which can explain the atmospheric neutrino
- p deficits, we obtain 82=4x 102 eV?. For a typical value of
v2 / "1 0 Am3,=4x10"%eV? which can explain the solar neutrino
m, +m m, +m deficits due to vacuum oscillation, the valuebdfcomes out

S| -

asb?~10"17eV? whereas for the large angle MSW solution
- 1 [/ m, 1 [ m,
o) m, +m,, 2 m, +m ' My, #Solar

1 mV1 1 mv2 1 mV1
v2 Ym,+m, yv3 Vm,+m, 2
Atm
©)
. . v . my3
In the limit b—0, 67,—w/4, the two eigenvaluem, and
m,, become degenerate and we can achieve the exact bi- FIG. 1. Neutrino mass spectrum in the present model.
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a typical value ofAm§1~ 10~ 5 eV2 the value ofb2 comes TABLE I. Representation content of the lepton and Higgs fields
out of the order of 10°eV2. The mixing angles?, comes considered in the present model. The generatorZpfand Z,

out as tah#,~=(2av2—b)/(2av2+b) and sincea>b, groups arew andi, respectively.

61,—45°, and, hence, there is no conflict to satisfy the valug-jggs SU2), X U(L)y Z, Z,
of 67, well within the allowed range of the experimental
value. leptons
|1|_ (2,_1) 1 1
Lo (2,-1) w —i
Il. A MODEL 3L (2,-1) w [
In this section, we demonstrate an explicit realization of eR (1,-2) @ 1_
the above neutrino mass matrix as well as a flavor diagonal KR (1-2) L -
charged lepton mass matrix within the framework of an R 1-2 1 :
SU(2), X U(1)y model with two singlet Higgs fields and dis- Higgs
creteZ; X Z, symmetry. The charged masses are arising in a h 27 @ 1
similar way to the standard modéBM) whereas neutrino p 1.0 1 !
masses are generated through nonrenormalizable operators. ¢ (1.0 ® -1

We have also discussed the situation when the mixing is
exactly bimaximal. Instead of three almost degenerate neu- ) ) o )

trinos [9,10], we obtain a hierarchical pattern of neutrino e}nd the Yukawa interaction whl_ch is responsible for genera-
masses. To obtain a realistic low-energy phenomenologicdion of charged lepton masses is given by

model, several attempts have been made through the inclu- . B B B

sion of discrete symmetrj11]. Recently, it has been shown Ly=f4ly erh+ 1ol urh+f3l5 7rh+H.cC. 9

[12] that non-Abelian discrete group&uch as dihedral

groupsD,,, dicyclic groupsQ,,) plays an attractive role to We considerp is a complex scalar field wheregss a real
obtain required mixing pattern in the fermionic sector. Ascalar field. The present model contains a large mass scale
recent work in this path has been ddrg] through the in- My, and for our analysis we séfl ;~M gyt which is the
clusion of U1)x Z, symmetry in the flavor space to explain highest scale considered in the present model. The VEV’s,
both the quark and leptonic sector mixing angles. Although(é) and{p) are constrained by the solar and atmospheric neu-
the question of embedding such symmetries under a larg&ino experimental results.

symmetry is still open, nevertheless, to understand from the In order to avoid any zero values of the VEV’s of the
low-energy point of view, inclusion of discrete symmetry Higgs fields upon minimization of the scalar potential, we
and extra matter fields is an attractive way. The discZate have to consider discrete symmetry breaking terms. Without
XZ, symmetry prohibits unwanted mass terms in thegoing into the details of the scalar potential, this feature can
charged lepton and neutrino mass matrices in the presehg realized in the following way. In general, the scalar po-
model. We consider soft discrete symmetry breaking termgential can be written ageeping upto dirs4 terms

in the scalar potential, which are also responsible to obtain

nonzero values of the VEV’s of the Higgs fields upon mini- V=Ay*+By®+Cy?+Dy+E, (10)
mization of the scalar potential. It is to be noted that in order

to avoid conflict between the choice of VEV’s of the Higgs wherey is the VEV of any Higgs field and, B, C, D, E are
fields (p and §) with the minimization condition of the Higgs generic couplings of the terms contained in the scalar poten-
potential, we discard any hard discrete symmetry breakingial. Minimizing the scalar potential with respect o we
term in the Higgs potential. Discrete symmetry invariant softobtain

or hard terms will not cause hierarchical problem as ad-

dressed in Ref[8]. The Majorana neutrino masses are ob- V'=A'y3+B’y?+C’y+D. (11)
tained due to explicit breaking of lepton number through

higher-dimensional terms. The representation content of tthuation(lO) reflects the fact that as long &+ 0, andA’
leptonic fields and Higgs fields considered in the model isor B’ or C’ is not equal to zero, we will get nonzero solu-
given in Table I. Apart from the standard model doulilet tions fory. Thus, in order to obtaiy+0 solution, it is nec-
Higgs field, we introduced another two singlet Higgandp  essary to retain the terms with generic coefficiedtandA’
fields to obtain two independent parameters for the neutringy g’ or C’. In the present model, both the discrete symme-
sector. . _ o try breaking terms soft and hard, correspond to the term with
The most general lepton-Higgs Yukawa interaction in thecoefficientD. Discarding hard symmetry breaking terms, we
present model generating Majorana neutrino masses is give@tain soft discrete symmetry breaking terms, and, hence,

by none of the VEV is zero upon minimization of the scalar
potential.
. > Let us look at the leptonic sector of the present model.
Y:(llLIZLghhp (I1L|3L)2h ho (|2L|3L)3hh§ (8)  Substituting the VEV's of the Higgs fields appearing in Eq.
M+ M+ M¥ (9), we obtain flavor diagonal charged lepton mass matrix as
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0
01, (12)
f

o o O

d
ME= 0
0

whered=f(h), e=f,(h) andf=f3(h) and substituting the
VEV’'s of ¢ h and p Higgs fields in Eq.(8), we get the
Majorana-type neutrino mass matrix as follows:

: 13

v 2 O

a a
0 b
b 0

wheré a=(h)2(p)/M?, b=(£)?(h)?/M3. The parametea
can be fited with the valueAmi,~2a’=4x10 °eV?
which explains atmospheric neutrino experimental data b
settingM;~10*2GeV, (h)=174 GeV, andp)=10"GeV.
Using the same values ™ ; and¢h), it is possible to set the
value of b as b?=101"eV? through the choice of ¢)

=10’ GeV in order to explain the solar neutrino experimen-
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IV. SUMMARY

In summary, we propose a texture of Majorana-type neu-
trino mass matrix which gives rise to nearly bimaximal neu-
trino mixing in a natural way as well as required mass-
squared differences in order to explain the solar and
atmospheric neutrino experimental results. The elements of
the mass matrix could be generated either by radiative
mechanism or by the use of nonrenormalizable operators
and, thus, those elements are model independent. The pro-
posed neutrino mass matrix gives rise to the eigenvalues of
the three neutrino masses s =m,_>m,_which ends up
to an hierarchy between three neutrino mass-squared differ-
ences as3;>m3,. We demonstrate an explicit realization of
the proposed mass-matrix due to nonrenormalizable mass
operators in the context of an &), X U(1)y model through
the inclusion of two extra singlet Higgs fields and discrete

¥ . x Z, symmetry. With a suitable choice model parameters

the required mass-squared differences can be accommodated
in order to expalin the solgboth large angle MSW solution

and Vacuum oscillationand atmospheric neutrino experi-
mental results.

tal results due to vacuum oscillation solution. For both the

cases, the mixing anglé;, [given in Eq.(3)] comes out as
nearly maximal. For large angle MSW solution, a typical
value Am3,~ 10 ®eV? gives rise tob?=10"°eV? for (&)
=2x10°GeV.

The discrete symmetry invariamv, mass term appears in the
present model aM? order which is naturally vanishingly small.
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