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Almost maximal lepton mixing with large T violation in neutrino oscillations
and neutrinoless double beta decay
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We point out two simple but instructive possibilities to construct the charged lepton and neutrino mass
matrices, from which the nearly bimaximal neutrino mixing with largeT violation can naturally emerge. The
two lepton mixing scenarios are very compatible with current experimental data on solar and atmospheric
neutrino oscillations, and one of them may lead to an observableT-violating asymmetry betweennm→ne and
ne→nm transitions in the long-baseline neutrino oscillation experiments. Their implications for the neutrinoless
double beta decay are also discussed.
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I. INTRODUCTION

Recent observation of atmospheric and solar neut
anomalies, particularly that in the super-Kamiokande exp
ment @1#, has provided robust evidence that neutrinos
massive and lepton flavors are mixed. Analyses of the at
spheric neutrino deficit favornm→nt as the dominant oscil
lation mode with the mass-squared differenceDmatm

2

;1023 eV2 and the mixing factor sin22uatm.0.88 at the
90% confidence level. As for the solar neutrino anoma
there are four possible solutions belonging to two categor
~a! solar ne neutrinos changing to activenm or sterile ns
neutrinos due to the long-wavelength vacuum oscillat
with the parametersDmsun

2 ;10210 eV2 and sin22usun'1
@2#; ~b! the matter-enhancedne→nm or ne→ns oscillations
via the Mikheyev-Smirnov-Wolfenstein~MSW! mechanism
with Dmsun

2 ;1025 eV2 and sin22usun;1 ~large-angle solu-
tion!, with Dmsun

2 ;1026 eV2 and sin22usun;1022 ~small-
angle solution!, or with Dmsun

2 ;1027 eV2 and sin22usun

;1 ~low solution! @3#. Although the large-angle MSW solu
tion seems to be somehow favored by the present su
Kamiokande and SNO data@1,4#, the other three solution
have not been convincingly ruled out. To pin down the tr
solution to the solar neutrino problem remains a challeng
task of the next round of solar neutrino experiments.

The strong hierarchy betweenDmatm
2 andDmsun

2 , together
with the small n3 component in thene configuration@5#,
implies that atmospheric and solar neutrino oscillations
couple approximately from each other. Each of them
dominated by a single mass scale,1 which can be set as

Dm21
2 [m2

22m1
2'6Dmsun

2 , ~1!

*Electronic address: xingzz@mail.ihep.ac.cn
†Mailing address.
1Throughout this paper we do not take the Liquid Scintillati

Neutrino Detector~LSND! evidence for neutrino oscillations@6#,
which has not been independently confirmed by other experim
@7#, into account.
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Dm32
2 [m3

22m2
2'6Dmatm

2 .

Of courseDm31
2 'Dm32

2 holds in this approximation. As a
consequence, the mixing factors of solar and atmosph
neutrino oscillations in the disappearance-type experime
~i.e., ne→ne andnm→nm) are simply given by

sin2 2usun54uVe1u2uVe2u2,

sin2 2uatm54uVm3u2~12uVm3u2!, ~2!

whereV is the 333 lepton flavor-mixing matrix linking the
neutrino mass eigenstates (n1 ,n2 ,n3) to the neutrino flavor
eigenstates (ne ,nm ,nt). The present experimental data see
to favor the large-angle MSW solution to the solar neutri
problem. In this case, sin22uatm;sin22usun;O(1). Then two
large mixing angles can be drawn from Eq.~2!: one between
the second and third lepton families and the other betw
the first and second lepton families.2

A particularly interesting limit is sin22uatm5sin22usun
51, corresponding uniquely~up to a trivial sign or phase
rearrangement! to

V05S 1

A2

1

A2
0

2
1

2

1

2

1

A2

1

2
2

1

2

1

A2

D , ~3!

the so-called ‘‘bimaximal’’ flavor-mixing pattern@9#. There
have been a lot of discussions about the bimaximal
nearly bimaximal neutrino mixing scenarios@10#. While the
latter could straightforwardly be obtained from slight mod

ts

2The conjecture that two of the three lepton flavor mixing ang
could be extraordinarily large~i.e., equal or close to 45°) had bee
made by several authors@8# before the first-round super
Kamiokande data appeared in 1998.
©2001 The American Physical Society13-1
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fications of the former, the arbitrariness in doing so has to
resolved by imposing simple flavor symmetries or dynami
constraints on the charged lepton and neutrino mass m
ces. In Ref.@11#, for example, it has been shown that a nea
bimaximal neutrino mixing pattern can naturally arise fro
the explicit breaking of the lepton flavor democracy.

The present paper aims to discuss two simple but inst
tive possibilities to construct the lepton mass matrices, fr
which two almost bimaximal neutrino mixing patterns c
directly be derived. We find that these two scenarios h
practically indistinguishable consequences on solar and
mospheric neutrino oscillations, but their predictions for le
tonic CP or T violation are quite different. To be specific, w
calculate the deviation of solar neutrino mixing from ma
mal mixing in each scenario. We illustrate that one of the t
lepton mixing patterns may lead to an observableT-violating
asymmetry betweennm→ne and ne→nm transitions in the
long-baseline neutrino oscillation experiments. The impli
tions of our phenomenological models on the neutrinol
double beta decay are also discussed in some detail.

II. NEARLY BIMAXIMAL MIXING

The fact that the masses of three active neutrinos are
tremely small is presumably attributed to the Majorana f
ture of the neutrino fields@12#. In this picture, the light~left-
handed! neutrino mass matrixM n must be symmetric and
can be diagonalized by a single unitary transformation:

Un
†M nUn* 5S m1 0 0

0 m2 0

0 0 m3

D . ~4!

The charged lepton mass matrixMl is in general non-
Hermitian, hence the diagonalization ofMl needs a biunitary
transformation:

Ul
†MlŨl5S me 0 0

0 mm 0

0 0 mt

D . ~5!

The lepton flavor-mixing matrixV, defined to link the neu-
trino mass eigenstates (n1 ,n2 ,n3) to the neutrino flavor
eigenstates (ne ,nm ,nt), measures the mismatch between t
diagonalization ofMl and that ofM n :

V5Ul
†Un . ~6!

Note that (m1 ,m2 ,m3) in Eq. ~4! and (me ,mm ,mt) in Eq.
~5! are physical~positive! masses of light neutrinos an
charged leptons, respectively.

In the flavor basis whereMl is diagonal~i.e.,Ul51 being
a unity matrix!, the flavor-mixing matrix is simplified toV
5Un . The bimaximal neutrino mixing patternUn5V0 can
then be constructed from the product of the Euler rotat
matrices
09301
e
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n

R12~ux!5S cosux sinux 0

2sinux cosux 0

0 0 1
D ~7!

and

R23~uy!5S 1 0 0

0 cosuy sinuy

0 2sinuy cosuy

D ~8!

with special rotation anglesux5uy545°:

V05R23~45°! ^ R12~45°!

5S 1

A2

1

A2
0

2
1

2

1

2

1

A2

1

2
2

1

2

1

A2

D . ~9!

Obviously the vanishing of the (1,3) element inV0 assures
an exact decoupling between solar (ne→nm) and atmo-
spheric (nm→nt) neutrino oscillations. The correspondin
neutrino mass matrixM n turns out to be

M n5V0S m1 0 0

0 m2 0

0 0 m3

D V0
T

5S An2Bn Cn 2Cn

Cn An Bn

2Cn Bn An

D , ~10!

where

An5
m3

2
1

m11m2

4
,

Bn5
m3

2
2

m11m2

4
,

Cn5
m22m1

2A2
. ~11!

A trivial sign or phase rearrangement forUn5V0 may lead
to a slightly different form ofM n @9,13#, but the relevant
physical consequences on neutrino oscillations are es
tially unchanged. If the masses ofn1 and n2 neutrinos are
nearly degenerate~i.e., m1'm2), one can arrive at a simple
texture of M n , in which An'(m31m1)/2, Bn'(m3
2m1)/2, andCn'0 hold.
3-2
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It is worthwhile at this point to give a brief comment o
the mathematical structure ofM n obtained in Eq.~10!. In-
deedM n can be decomposed as follows:

M n5AnIA1BnIB1CnIC , ~12!

where

IA5S 1 0 0

0 1 0

0 0 1
D ,

IB5S 21 0 0

0 0 1

0 1 0
D , ~13!

IC5S 0 1 21

1 0 0

21 0 0
D .

It becomes clear that the diagonalization ofM n requires an
algebraicunitary matrix which is able to diagonalizeIB and
IC simultaneously. This unitary matrix is justV0 given in Eq.
~9!. Although the aforementioned decomposition is by
means unique, it might have a meaningful interpretation
an underlying model of neutrino masses with specific fla
symmetries.

We observe that the bimaximal neutrino mixing patte
will be modified, if Ul deviates somehow from the unit
matrix. This can certainly happen, provided that the char
lepton mass matrixMl is not diagonal in the flavor basi
where the neutrino mass matrixM n takes the form given in
Eq. ~10!. As Un5V0 describes a product of two special Eul
rotations in the real (2,3) and (1,2) planes, the simplest fo
of Ul which allowsV5Ul

†Un to cover the whole 333 space
should beUl5R12(ux) or Ul5R31(uz) ~see Ref.@14# for a
detailed discussion!. To incorporateT violation in neutrino
oscillations, however, the complex rotation matrices

R12~ux ,fx!5S cosux sinuxe
ifx 0

2sinuxe
2 ifx cosux 0

0 0 1
D ~14!

and

R31~uz ,fz!5S cosuz 0 sinuze
ifz

0 1 0

2sinuze
2 ifz 0 cosuz

D ~15!

should be used@15#. In this case, we arrive at lepton flavo
mixing of the pattern
09301
n
r

d

m

V(x)5S cx 2sxe
ifx 0

sxe
2 ifx cx 0

0 0 1
D S 1

A2

1

A2
0

2
1

2

1

2

1

A2

1

2
2

1

2

1

A2

D
5S cx

A2
1

sx

2
eifx

cx

A2
2

sx

2
eifx 2

sx

A2
eifx

2
cx

2
1

sx

A2
e2 ifx

cx

2
1

sx

A2
e2 ifx

cx

A2

1

2
2

1

2

1

A2

D ,

~16!

or of the pattern

V(z)5S cz 0 2sze
ifz

0 1 0

sze
2 ifz 0 cz

D S 1

A2

1

A2
0

2
1

2

1

2

1

A2

1

2
2

1

2

1

A2

D
5S cz

A2
2

sz

2
eifz

cz

A2
1

sz

2
eifz 2

sz

A2
eifz

2
1

2

1

2

1

A2

cz

2
1

sz

A2
e2 ifz 2

cz

2
1

sz

A2
e2 ifz

cz

A2

D ,

~17!

where sx[sinux , cz[cosuz, and so on. It is obvious tha
V(x) andV(z) represent two nearly bimaximal flavor-mixin
scenarios, if the rotation anglesux anduz are small in mag-
nitude.

As the mixing angleux or uz arises from the diagonaliza
tion of Ml , it is expected to be a simple function of the rati
of charged lepton masses. Then the strong mass hierarch
charged leptons naturally assures the smallness ofux or uz ,
as one can see later on.

III. CONSTRAINTS ON sin 2 2usun and sin2 2uatm

Indeed the proper texture ofMl which leads to the flavor-
mixing patternV(x) is
3-3
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Ml
(x)5S 0 Cl 0

Cl* Bl 0

0 0 Al

D , ~18!

where Al5mt , Bl5mm2me , and Cl5Amemm eifx. The
mixing angleux in V(x) is then given by

tan~2ux!52
Amemm

mm2me
. ~19!

On the other hand, the proper texture ofMl which gives rise
to the mixing patternV(z) reads as follows:

Ml
(z)5S 0 0 Cl

0 Bl 0

Cl* 0 Al

D , ~20!

where Al5mt2me , Bl5mm , and Cl5Amemt eifz. The
mixing angleuz in V(z) turns out to be

tan~2uz!52
Amemt

mt2me
. ~21!

Taking the hierarchy of charged lepton masses~i.e., me
!mm!mt) into account, one obtains

sx'Ame

mm
,

~22!

sz'Ame

mt
,

to a good degree of accuracy. Numerically, we findux
'3.978° anduz'0.972° with the inputsme50.511 MeV,
mm5105.658 MeV, andmt51.777 GeV@16#.

Now let us calculate the mixing factors of solar and
mospheric neutrino oscillations in the disappearance-type
periments. Using Eq.~2!, we arrive straightforwardly at

sin2 2usun512sx
2~112 cos2fx!,

~23!
sin2 2uatm512sx

4

for V(x) ; and

sin2 2usun512sz
2~112 cos2fz!,

~24!
sin2 2uatm51

for V(z) . Allowing fx and fz to take arbitrary values, we
find that the magnitude of sin22usun lies in the following
range:

123si
2<sin2 2usun<12si

2 , ~25!

where i 5x or z. Numerically, we obtain 0.986<sin22usun
<0.995 forV(x) and 0.999<sin22usun<1.000 forV(z) . Note
that sin22uatm51.000 holds in both cases. Therefore the t
nearly bimaximal neutrino mixing patterns are practically
09301
-
x-

-

distinguishable in the experiments of solar and atmosph
neutrino oscillations. They may be distinguished from ea
other with the measurements ofuVe3u andCP or T violation
in the long-baseline neutrino oscillation experiments.

It is worth mentioning that Gonzalez-Garcia, Pen˜a-Garay,
Nir, and Smirnov have recently defined a small real para
etere to describe the deviation of solar neutrino mixing fro
maximal mixing@17#:

sin2usun[
12e

2
~26!

with ueu!1. This parameter proves very useful for pheno
enological studies of the solar neutrino problem@17#: the
probabilities of solar neutrino oscillations depend quadr
cally on e in vacuum, and linearly one if matter effects
dominate. It is then our interest to calculatee in the nearly
bimaximal neutrino mixing scenarios under discussion.
notice that

sin2 2usun512e2 ~27!

results from Eq.~24! exactly. Comparing Eq.~27! with Eqs.
~23! and ~24!, we obtain

ueu5sxA112 cos2fx ~28!

for V(x) and

ueu5szA112 cos2fz ~29!

for V(z) . Given fx and fz of arbitrary values, the allowed
region of ueu turns out to be 0.069<ueu<0.120 in the sce-
nario of V(x) and 0.017<ueu<0.029 in the scenario ofV(z) .
Both ranges ofueu are phenomenologically interesting fo
solar neutrino oscillations, as comprehensively discusse
Ref. @17#.

IV. LEPTONIC T VIOLATION

The strength ofCP or T violation in neutrino oscillations,
regardless of whether neutrinos are Dirac or Majorana p
ticles, is measured by a universal and rephasing-invar
parameterJ @14#, defined through the following equation:

Im~Va iVb jVa j* Vb i* !5J(
g,k

~«abg« i jk !, ~30!

in which the Greek subscripts run over (e,m,t), and the
Latin subscripts run over (1,2,3). Considering the two lep
mixing scenarios proposed in Sec. II, we obtain

J55
cxsx

4A2
sinfx for V(x) ,

czsz

4A2
sinfz for V(z) .

~31!

For illustration, we typically takefx5fz590°. Then we
arrive atJ'0.012 andJ'0.003, respectively, forV(x) and
3-4
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ALMOST MAXIMAL LEPTON MIXING WITH LARGE T . . . PHYSICAL REVIEW D64 093013
V(z) . The former could be determined from the probabil
asymmetry betweennm→ne and n̄m→ n̄e transitions
(CP-violating asymmetry!, or that betweennm→ne and ne
→nm transitions (T-violating asymmetry! in a long-baseline
neutrino oscillation experiment@18#, if the Earth-induced
matter effects were assumed to be absent or negligible:

DP5P~nm→ne!2P~ n̄m→ n̄e!

5P~nm→ne!2P~ne→nm!

516J sinF12sinF23sinF31

'16J sinF21sin2F32, ~32!

whereFi j 51.27Dmi j
2 L/E with L being the distance betwee

the neutrino source and the detector~in unit of km! and E
being the neutrino beam energy~in unit of GeV!. In realistic
long-baseline neutrino oscillation experiments, however,
terrestrial matter effects are by no means small and mus
taken into account.

It is generally expected that theT-violating asymmetry
betweennm→ne and ne→nm transitions is less sensitive t
matter effects than theCP-violating asymmetry between
nm→ne andn̄m→ n̄e transitions@19#. For simplicity, we con-
centrate only onT violation in the following. In analogy to
Eq. ~32!, the matter-correctedT-violating asymmetry can be
expressed as

D P̃5 P̃~nm→ne!2 P̃~ne→nm!

516J̃ sinF̃12sinF̃23sinF̃31

'16J̃ sinF̃21sin2F̃32, ~33!

whereF̃ i j 51.27Dm̃i j
2 L/E andDm̃i j

2 [m̃i
22m̃j

2 with m̃i being
the effective neutrino masses in matter. The relation betw
J̃ andJ reads@20#

J̃5J
Dm21

2

Dm̃21
2

Dm31
2

Dm̃31
2

Dm32
2

Dm̃32
2

, ~34!

where

Dm̃21
2 5

2

3
Ax223yA3~12z2!,

Dm̃31
2 5

1

3
Ax223y@3z1A3~12z2!#,

~35!

Dm̃32
2 5

1

3
Ax223y@3z2A3~12z2!#,

and
09301
e
be

en

x5Dm21
2 1Dm31

2 1A,

y5Dm21
2 Dm31

2 1A@Dm21
2 ~12uVe2u2!

1Dm31
2 ~12uVe3u2!#, ~36!

z5cosF1

3
arccos

2x329xy227ADm21
2 Dm31

2 uVe1u2

2~x223y!3/2 G .

The terrestrial matter effects are described by the param
A52A2GFNeE @21#, with Ne being the background densit
of electrons andE being the neutrino beam energy. Assumi
the matter density of the Earth’s crust to be constant,
may getA'2.231024 eV2E/@GeV# as a good approxima
tion @22#.

To illustrate, let us calculateJ̃ andD P̃ for two scenarios
of the long-baseline neutrino oscillation experiments:L
5730 km andL52100 km. The former baseline corre
sponds to a neutrino source at Fermilab pointing toward
Soudan mine or that at CERN toward the Gran Sasso un
ground laboratory, and the latter corresponds to a poss
high-intensity neutrino beam from the High Energy Prot
Accelerator in Tokaimura to a detector located in Beiji
@23#. We typically take Dm21

2 '531025 eV2 ~the large-
angle MSW solution to the solar neutrino problem! and
Dm32

2 '331023 eV2, as well asfx590° based on the al
most bimaximal lepton mixing patternV(x) . The numerical
results ofJ̃ andD P̃ as functions of the neutrino beam ener
E are shown in Figs. 1 and 2, respectively. We observe
the magnitude ofJ̃ can significantly be suppressed due
matter effects. This feature ofJ̃ makes the measurement o
leptonic CP- and T-violating asymmetries more difficult in
practice. Indeed theT-violating asymmetryD P̃ is quite small
in the chosen range of the neutrino beam energy (1 G
<E<20 GeV), at most at the percent level. The terrest

FIG. 1. Illustrative plot for matter effects on the univers

T-violating parameterJ̃, where Dm21
2 '531025 eV2, Dm31

2 '3
31023 eV2, andfx590° have typically been input.
3-5
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ZHI-ZHONG XING PHYSICAL REVIEW D 64 093013
matter effects onD P̃ are in general insignificant and negl
gible, except the case of the resonance enhancementE
;1.5 GeV for L5730 km or at E;4 GeV for L

52100 km. It should be noted thatD P̃'DP has no way to
lead toJ̃'J. Therefore a relatively clean signal ofT viola-
tion, even measured in the future long-baseline neutrino
periments, does not mean that the fundamentalT-violating
parameter (J or fx) candirectly be determined. To pin down
those genuine parameters of flavor mixing andT violation,
we must first of all understand the terrestrial matter effect
a high degree of accuracy. More reliable knowledge of
Earth’s matter density profile is unavoidably required for o
long-baseline neutrino oscillation experiments.

V. NEUTRINOLESS DOUBLE BETA DECAY

So far we have only introduced a Dirac-typeT-violating
phase into the lepton flavor-mixing matrixV. The latter may

FIG. 2. Illustrative plot for matter effects on theT-violating

asymmetryD P̃ betweennm→ne and ne→nm transitions, where
Dm21

2 '531025 eV2, Dm31
2 '331023 eV2, and fx590° have

typically been input.
09301
t
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in general consist of two additionalT-violating phases of the
Majorana type, i.e.,

V⇒V̂5VPn , ~37!

wherePn5diag$1,eir,eis% is a diagonal Majorana phase m
trix. Although r ands have no effect onCP or T violation
in normal neutrino-neutrino and antineutrino-antineutrino
cillations, they are expected to play an important role in
neutrinoless double beta decay, whose effective mass ter
given as

^mne
&5U(

i 51

3

~miV̂ei
2 !U. ~38!

The current experimental bound iŝmne
&,0.34 eV, ob-

tained by the Heidelberg-Moscow Collaboration at the 90
confidence level@24#. For the two nearly bimaximal lepton
mixing scenarios under discussion,^mne

& reads as follows:

^mne
& (x)5Ua2 cx

21
b

A2
sxcxe

ifx1
g

4
sx

2ei2fxU ,
~39!

^mne
& (z)5Ua2 cz

22
b

A2
szcze

ifz1
g

4
sz

2ei2fzU ,
where

a5m11m2ei2r,

b5m12m2ei2r, ~40!

g5m11m2ei2r12m3ei2s.

Note that sx'Ame /mm'0.069 and sz'Ame /mt'0.017,
thereforecx'cz'1 is an excellent approximation. If th
spectrum of neutrino masses were known, one would be
to simplify the expression of̂mne

& (x) or ^mne
& (z) and con-

front it with the present experimental bound. Subsequen
let us take four specific but interesting cases of the neut
mass spectrum for example.

~a! m1'm2'm3. In this case, the third term of^mne
& (x)

or ^mne
& (z) is negligible. We then arrive at

^mne
& (x)'m1U12 ~11ei2r!1

sx

A2
~12ei2r!eifxU ,

~41!

^mne
& (z)'m1U12 ~11ei2r!2

sz

A2
~12ei2r!eifzU .

If r'690° holds, we obtain ^mne
& (x)'A2sxm1 and

^mne
& (z)'A2szm1. The experimental bound ^mne

&

,0.34 eV is then assured form1<3 eV of patternV̂(x) or
for m1<15 eV of patternV̂(z) . If the value ofr is not close
to 690°, one may obtain̂mne

&'m1ucosru for both lepton
mixing patterns. Such a constraint could provide some inf
3-6
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mation on the Majorana phaser, provided that the magni
tude ofm1 were already known.

~b! m1'm2@m3. One may easily check that the results
^mne

& (x) and^mne
& (z) in this case are essentially the same

those in case~a!.
~c! m1'm2!m3. In this case, we obtainm3'ADm32

2

'ADmatm
2 <0.1 eV. Then m1 and m2 should be of

O(1022) eV or smaller. Note that the contribution ofm3 to
^mne

& is always suppressed bysx or sz . Therefore the mag-

nitude of^mne
& is at most ofO(1022) eV for eitherV̂(x) or

V̂(z) , much smaller than the present experimental bound
~d! m1!m2!m3. This ‘‘normal’’ neutrino mass

hierarchy3 leads tom3'ADm32
2 'ADmatm

2 <0.1 eV as well
as m2'ADm21

2 'ADmsun
2 <0.01 eV, where the upper limi

of m2 corresponds to the large-angle MSW solution to
solar neutrino problem. In this case, Eq.~39! can be simpli-
fied as

^mne
& (x)'

1

2
um2ei2(r2s)1m3sx

2ei2fxu,

~42!

^mne
& (z)'

1

2
um2ei2(r2s)1m3sz

2ei2fxu.

We see that̂mne
&<O(1022) eV must hold for both nearly

bimaximal lepton mixing patterns.
The neutrinoless double beta decay itself is certainly

enough to determine the two MajoranaT-violating phasesr
and s. One may in principle study some other possib

3The ‘‘inverse’’ neutrino mass hierarchym1@m2@m3, which is
apparently in conflict with our choicesDm21

2 '6Dmsun
2 and Dm32

2

'6Dmatm
2 in Eq. ~1!, will not be taken into account in this pape
C.

v.

,
.

09301
f
s

e

t

lepton-number–nonconserving processes, in which the
jorana phases can show up, to get more constraints onr and
s. However, all such processes are suppressed in magn
by an extremely small factor compared to normal weak
teractions@15,25#. Hence it seems practically impossible
measure or constrainr ands in any experiment other than
the one associated with the neutrinoless double beta dec

VI. SUMMARY

We have discussed two simple possibilities to constr
the charged lepton and neutrino mass matrices, from wh
two almost bimaximal neutrino mixing patterns can natura
emerge. Both scenarios are favored by the atmospheric
trino oscillation data, and are compatible with either t
large-angle~or low! MSW solution or the vacuum oscillation
solution to the solar neutrino problem. While the two lept
mixing patterns have practically indistinguishable con
quences on solar and atmospheric neutrino oscillations, t
predictions for leptonicCP or T violation are different and
distinguishable. Only one of them is likely to yield an o
servable T-violating asymmetry betweennm→ne and ne
→nm transitions in the long-baseline neutrino oscillation e
periments. To be specific, we have taken two typical ba
lines (L5730 km andL52100 km) to illustrate the mag
nitude of T violation and its dependence on the terrestr
matter effects. The implications of our nearly bimaxim
neutrino mixing scenarios on the neutrinoless double b
decay have also been discussed in some detail. We ex
that a variety of neutrino experiments in the near futu
could provide crucial tests of the existing lepton mixin
models and give useful hints towards the symmetry or
namics of lepton mass generation.
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