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We explore some important implications of the KamLAND measurment on the lepton flavor mixing matrix
V and the neutrino mass matrM. The model-independent constraints on nine matrix element¢ afe
obtained to a reasonable degree of accuracy. We find that nine two-zero textivearefcompatible with
current experimental data, but two of them are only marginally allowed. Instructive predictions are given for
the absolute neutrino masses, Majorana phas€dofiolation, effective masses of the tritium beta decay, and

neutrinoless double beta decay.
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I. INTRODUCTION

The KamLAND experimenfl] is attempting to confirm
Mikheyev-Smirnov-
Wolfenstein(MSW) solution[2] to the long-standing solar
neutrino problem. In addition, the K2K long-baseline experi-
ment[3] has unambiguously observed a reduction pfflux

and a distortion of the energy spectrum. These new measure-
ments, together with the compelling SNO evidenhd¢ for

the flavor conversion of solaw, neutrinos and the Super-

the large-mixing-angle (LMA)

Kamiokande evidencgb] for the deficit of atmospheriz,

neutrinos, convince us that the hypothesis of neutrino oscil-
lations is actually correct. We are then led to the conclusion
that neutrinos are massive and lepton flavors are mixed.
The mixing of lepton flavors means that there is a mis-
match between neutrino mass eigenstates, i,,v3) and
neutrino flavor eigenstateg{, v, ,v,) in the basis where the

charged lepton mass matrix is diagonal:

Ve Ver Ver Ve V1
V/.L = V,U.l V,U.2 V:U~3 Vo
Vr VTl VTZ VT3 V3

The matrix elementfVe,|, |Veo|, [Ves|, and|V 3| can sim-
ply be related to the mixing factors of solat,4], atmo-
spheric[5], and CHOOZ reactof6] neutrino oscillations in

the following way:
sif2 Osur= 4|Ve1|2|ve2| 2!
SN2 0= 4|V 43| 2(1— |V 5] ?),

Sinf2 Och= 4|Ve3|2( 1- |Ve3|2)-

Taking account of the unitarity of, one may reversely ex-

)

2

preSS|Ve1|a |Ve2|a |Ve3|a |Vp,3|! and|V73| in terms Ofasunv

aatmv and 6chz [7]:
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PACS nunifer14.60.Pq, 25.30.Pt

1 .

|Vel| = \/E\/COS2 0chz+ \/C0§6chz_ SII'T22 6Sun
1 .

|Veo| = —\/CO§90hz— Vo 0, SIN2 0,

V2
|Ve3| =SiN Ocpy,

|V;43| =SiN Oy,

|V7-3| = \/0052 Ochz— Sir'|2‘9atm- 3

Current experimental information Ofig,, €am, and O,
allows us to get very instructive constraints on the lepton
flavor mixing matrixVV. One purpose of this paper is there-
fore to examine how accurately we can recdstrom the
present KamLAND, K2K, SNO, Super-Kamiokande, and
CHOOZ measurements.

Another purpose of this paper is to confront two-zero tex-
tures of the neutrino mass matrix with the new KamLAND
data, so as to single out the most favorable texgiran
phenomenology. In the flavor basis chosen above, the Majo-
rana neutrino mass matrix can be written as

m 0 O
M=v| 0 m, 0 |V, 4
0O 0 ms

wherem; (for i=1,2,3) are physical masses of three neutri-
nos. In the assumption of the LMA solution for solar neu-
trino oscillations, a classification dfl with two vanishing
entries has been done in an analytically approximate way
[8,9]. Our present analysis is different from the previous
ones in two important aspectél) we carry out a careful
numerical analysis of every two-zero pattern of the neutrino
mass matriXM to pin down its complete parameter spa@;

we present the quantitative predictions for allowed ranges of
the absolute neutrino masses, the Majorana phas&3Pof
violation, and the effective masses of the tritium beta decay
({m)e) and neutrinoless double beta decdgnj.e).
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The remaining part of this paper is organized as follows. Vel IV | = Vel Vel [V 3] €]
With the help of current data, we derive the model- V| = ——— =t :
independent constraints on nine elements of the lepton flavor 1—[Veg|

mixing matrix in Sec. Il. Section Ill is devoted to a detailed

analysis of the parameter space for every two-zero texture of I Veal IV i3l = [Veal [Vesl [V 4l e'’|

the neutrino mass matrix. We obtain instructive predictions Val= 1—|Vg|2 '
for the neutrino mass spectrum and Majorana phas&sPof e
violation as well ag{m), and (m)., in Sec. IV. Finally, a i 5
: o 4 +
brief summary is given in Sec. V. V| = Veal Vsl *+ Veal [Vesl [Vl € I_ ®)

1- |Ve3|2
II. CONSTRAINTS ON THE LEPTON FLAVOR MIXING

MATRIX Varying the Dirac phas& from 0 to 7, we are led to the

most generousanges of V1, [V o[, [V,4], and|V |

As already shown in Eq(3), five matrix elements oV
can be determined or constrained from current experimentadVez|| V3| = [Veil| Vesl|V 3]

data. The other four matrix element®/(|, |V .|, [V,4l, _ 2 =Vl
. . M 1 |Ve3|
and|V,,|) are entirely unrestricted, however, unless one of
them or the rephasing invariant 6fP violation of V (defined [Veo| [V 13| + | Verl| Vel |VM3|
asJ[10]) is measured. A realistic way to get rough but useful = VR )
constraints on those four unknown elements is to allow the ~ Vel
Dirac phase ofCP violation in V to vary between O aner
[11], such that one can find out the maximal and minimaI|Ve1||V73|—|Ve2||Ve3||Vu3|<|V |
magnitudes of each matrix element. To see this point more 1—|Ves/? k2
clearly, we adopt the standard parametrizaNonUP [12],
where _ [Veal Vsl | Veo| [Vesl |V 43l
~ B 2 1
CXCZ S)(CZ SZ 1 |V63|
_ _ -5  _ —id
U= CxSyS,— SyCy€ ) S¢SyS;+ CxCy€ ) SyC; |V92||V,u3|_|Vel||V93||VT3|<|V |
—i —i =
—C,CyS,+5,5,e —5,C,S,—C,S,@ CyC; 1— Vg2 71
)
<|Ve2||Vp,3|+|Ve1||Ve3||V73|
with s,=siné,, c,=cosé,, and so on; and - 1—|Veg|? '
e” 0 0
0 o g |Ve1||V,L3|—IVez||V93||V73I<|V |
P= e’ . 6 =V
( ) 1- |V93|2
0 0 1

' o _ <|V61||VM3|+|V62||Ve3||v7'3|
The advantage of this representation is that the neutrinoless = 1—|Veq|?
double beta decay is associated with the Majorana phases es
and o, while CP violation in normal neutrino oscillations 9
depends separately on the Dirac phaseNote that three

mixing angles g, .6, ,6,), which are all arranged to lie in Note that the lower and upper bounds of each matrix element

the first quadrant, can be written as turn to coincide with each other in the Iinil‘t/eg|_—>0. Be-
cause of the smallness ¥/, the ranges obtained in Eq.
Vel (9) should be quite re;trictive._Hence i_t makes sense to recast
tand,= ——, the lepton flavor mixing matrix even in the absence of any
Vel experimental information o€ P violation.
In view of the present experimental data from KamLAND
tang. = |V,u3| [1], K2K [3], SNO[4], Super-Kamiokandgs], and CHOOZ
Y Vg’ [6], we have 0.25sin6s,<0.40 [13], 0.9<sin*20,m
<1.0, and B<sir’26,,,<0.1 at the 90% confidence level.
Sin6,=Veg|. (7 Namely,
It is then straightforward to obtain 30.0°< f5u=39.2°,

) 36.8°< 0,,,<53.2°,
IVeol [Vl + Vel Ves| [V 43| €7 am

1—|Veg|? 0°< 6,,<9.2°. (10)

|V,ul| =
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Using these inputs, we calculate the numerical ranges afnces with the result extracted from current experimental
[Veal, [Veal, [Veals [V,3l, and|V 5| from Eq.(3). Then the  data on solar and atmospheric neutrino oscillations:
allowed ranges ofV [, |V .|, [V, and [V ,| can be
found with the help of Eq(9). Our numerical results are

2 2 2
summarized as R Im—mi| Am

sun

, ~ . (15)
Im3—m3|  Am3,

0.70-0.87 0.56-0.69 <0.16

[V|={ 020-0.61 034073 0.60-0.80). (11 Considering the LMA MSW solution confirmed by the Ka-
0.21-0.63 0.36-0.74 0.58-0.80 mLAND measurement, we have %90 °eV?<Am?2,,

. . . - .. <8.8X10 ° eV?[13,14 at the 90% confidence level. In ad-
This result is certainly more restrictive than that obtained md't'on e have 16103 eV2<Am2 <3.9x10° 3 e\2
Ref.[11] before the KamLAND measurement. ition, W v ) = e

atm
Note that the rephasing invariant 6f° violation reads as [15] at the 90% confidence level. Thus we arrive at 1.5

X 10 2<R,<5.5x 10 2. The allowed ranges of three mix-

follows: ; .
ing anglest,~ g, 0y~ Oam, andeé,~ 6.y, have been given

IVea| Vol Vel [V 3l [V in Eq. (10). There is no experimental constraint on the

= e "siné CP-violating phases. Hence we simply také from 0° to

1—|Vesl? 360° in our numerical calculations.

- - - - There are totally fifteen distinct topologies for the struc-
= VI 25 irF2 aa‘m+45m20am§m20°h2)3in,9 SN S, ture of M with two independent vanishing entries, as shown
4 cog b, ¢ in Tables | and Il. We work out the explicit expressions of

(12) (my/m3)e?? and (m,/mg)e? for each pattern of by use
of Eq. (14), and list the results in the same tabJ&s§]. With

The terms proportional to 4ifl,,sin*6g,, in J, which may  the input values ob,, 6,, 6,, and§ mentioned above, we
correct the leading term up to 5%or 6,,,=45° andé.,, calculate the rati®®, and examine whether it is in the range
=9°), were not taken into account in Réfl1]. By use of allowed by current data. This criterion has been used in Refs.
Eg. (10), we find J<0.039sind. This result implies that the [8.,9] to pick the phenomenologically favored patternsiof
magnitude of) can maximally be 0.039, leading probably to N th_e LMA case. _ .
observableC P-violating effects in long-baseline neutrino os-  Nine of the fifteen two-zero textures M listed in Table

cillations. | are found to be in accord with the LMA solution as well as
the atmospheric neutrino data. They can be classified into
IIl. TWO-ZERO TEXTURES OF THE NEUTRINO MASS four categories: Awith A; and A), B (with By, B,, B,
MATRIX and By), C and D(with D; and D,). The point of this clas-

sification is that the textures &l in each category result in

The symmetric neutrino mass matrM totally has six  similar physical consequences, which are almost indistin-
independent complex entries. If two of them vanish, i.e.,guishable in practice. The other six patterndvbfcategories
Map=Mpq=0, we obtain two constraint equations: E and B listed in Table Il cannot coincide with current ex-
perimental data. In particular, the exact neutrino mass degen-
eracy (my=m,=mj) is predicted from three textures M
belonging to category F.

Now let us focus on patterns;A B4, C, and 3 as four

MU 21U 1€%° + MU 15U 262 7+ m3U 43U 53=0,

MU p1U 1877+ myU poU 2627+ maU 53U 43=0,

(13 typical examples for numerical illustration. Our results for
where a, b, P, and g run overe, w, and 7, but (p,q) Sin2260hz versusé and 0y versusé, are shown in FIgS 1-4.
#(a,b). Solving Eq.(12), we arrive af9] Some comments are in qrder. _

(1) For pattern A, arbitrary values ofs are allowed if
my 2ip_Ua3Ub3Up2Uq2—UaZUbZUpgqu Sirf26,,, is large enough ¥0.014). The mixing angle®,
m3e - UaoUpoUpiUqri—UaUpiUpoUy and 6, may take any values in the ranges allowed by current

data. Therefore we conclude that patterp i& favored in
My o UaUpUpsUgs—UagUpsUpUgs phenomenology with little fine tuning. A similar conclusion
lo__
—er= . can be drawn for pattern A
m UaoUpoUpUgr— U U UpoU . . . .
3 az¥b2¥pl¥al  Hal¥bl¥p2rq2 (14) (2) For pattern B, & is essentially unconstrained if

Sinf26,,, is extremely close to zero; and ondyaround 90°

This result implies that two neutrino mass ratiosor 270° is acceptable if st@d,,, deviates somehow from
(my/ms,m,/mz) and two Majorana-typeCP-violating  zero. Exceptd, #45°, there is no further constraint on the
phases ¢,0) can fully be determined in terms of three mix- parameter space ofo{,6,). We conclude that pattern,B
ing angles @x,6,,0,) and the Dirac-typeCP-violating  with maximal CP violation (i.e., sind~*1) is phenomeno-
phase ¢). Thus one may examine whether a two-zero tex-ogically favored. So are patterns, BB;, and B,.

ture of M is empirically acceptable or not by comparing its  (3) For pattern C,6=90° or §=270° is forbidden. Fur-
prediction for the ratio of two neutrino mass-squared differ-thermore,d, =45° is forbidden. We see that the allowed pa-
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TABLE I. Nine patterns of the neutrino mass mathkwith two independent vanishing entries, which ammpatiblewith the LMA
solution and other empirical hypotheses. The analytical results for two ratios of three neutrino mass eigemvaloegel’” and
(m,/mg)e?'” are given in terms of four flavor mixing parameteks, 0y, 6,, andé.

Pattern of Results of (;/mg)e?” and m,/m;)e?”

0 X
1_+_(__)
2 Z
Al X X 3 CZ Cny
X X
M2 oiq Sz [ Sy s
—el7=——| —€Fs,
m3 CZ SXCy
0 X 0
JeZip:_i( chei5+s
2 Z
A2 X X ms cy CXSy
0 X X
b C,Cy -
e2|a':+_;(sxsy .5_SZ>
3 C7 \ =xdy
X 0

202 __Q2:2y\ 2:24+16 2.2,—i6
my eZip:sXchy(chsZ SyC7) —CySy(Sysye” P ceie ') o

By:f X 0 X ms SCxSyCo+ (S5~ CF)Cys,e' 4 5,C,8,52(1+¢7)e?'?
0 X 2.2 2.2 202,416 4 202410
m, eZiU:schsy(chsZ—sycz)+cysz(cxsye +sicye ') L
ms 5,C,S,C2+ (52— c2)c3s,e' 94 5,C,5,55( 1+ c2)e??
xCxSyCy x — Lx/)Ly=z X U2y oz y
2.2 2.2 2.2.+i6 22,06
0 X ﬂezip:SXCXCy(ZsySZ_CVCZHSYSZ(SXCye tese ') Lo
By:| O ms S(CxSICy— (S5 —C2)Sys,€' 2+ 5,04CySo(1+57)e??

X 0 2.2 2.2 202,118 2c2n—16
@eZiG:SxCny(ZSySZ—CyCZ)—SySz(Cnye s ') s
ms s,C,82¢, — (52— c2)s3s,el '+ s,c,c,52(1+s2)e??

xCxSyCy %~ Cx)SySs xCxCyS; y

_ —ié
My o S SH=OGsE Y

X 0
B;:l] 0 0 X ms Cy SCy+ CxSySZe+ is
X X X .
M oS OStSGsE "
ms Cy CxCy— stysze+ i
X X 0 s
me?iP: _ S SHFOSSE i
B4 1 X X ms Sy sxsy — Cxcysze+ id
0 X O B .
M2 aie_ _ % mezis
ms Sy C8yt SnySze+ i5
2 2 2 i
S M1 i Gz Cu(Sy—Cy) +25,5,CyS.€ .
c:|x o0 ms S, stcxsycy_(sf_Ci)(S)Z,—C)Z,)SZe"s-i— 25,0,5,0,5267
0 2 2_c2 i
M2 v 32 Sx(Sy—Cy) —2C,S,CyS,€ .
3 Sz 25,048,Cy— (sE—C2)(s2—c2)s,e O+ 25,5, c, 5767
X X X 2
ﬂeZiP: — z . CXSy ei5
. i
D]_ . X 0 m3 SZ chy+ CXSyszel
X X 5
m, e2| o— 1 -z Lﬁ ei 5
3 S; CxCy— SXSySZe'
X X s
—Le2in— 4 2 $eia
Dy:[ X X 0 my 2SSy~ CXCySZe' 5
X 0 5
22 2ie_ _ 2, SxCy oo
ms S, sty+ chyszel )
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TABLE Il. Six patterns of the neutrino mass matiik with two independent vanishing entries, which areompatiblewith the LMA
solution and other empirical hypotheses. The analytical results for two ratios of three neutrino mass eigemvaloegel’” and
(m,/mg)e?'” are given in terms of four flavor mixing parameteks, 0y, 6,, andé.

Pattern of Results of (; /mg)e?” and m,/mg)e?”
220 A2 2 2 i0\n—2i6
0 x X M iy 1 SES2(C2—S2) — CxCyS2(CyCy— 25:5,5,€'0) e 2 oo
E: X 0 X mg cyCl (S2—C2)Cy+25,C,8,5,6"
X X X 202/ .2 2y 2 i\ a—2i8
m2e2i0_+ 1 cysy(Cy—S;) = S,CyS7(S,Cy+ 26,8y S,€'7) e o2is
m cycl (S5—CR)C,+25,C,8y5,€'7
2202 2 2 10ya—2i6
0 X X m 1 sicj(ci—s)) —Cs,S3(Cys, T 250,56/ 0)e 20
E,: X X o= 2 2 is e
2 ms SyC5 (S5~ Cx)Sy—25,C,C,S,€
X X 0 2.2/.2_ 2 2 0y a—2i8
2 2io_ CxCy(C7—S7) — $,8yS7(ScSy — 2C,CyS,.€'7) e 7 o210
- 2’ 2_ 2 i
My S,C5 (Sx—Cy)Sy—25,C,CyS,€
2 2 2 2 2 2 61— 2i6
0 X X m 2ip:_i_SxSyCy(Cz—Sz)+stz[CxSyCy—Sx(Sy—Cy)Sze le oo
Es:{ X X O ms c? (C5—S2)S,CyF5,Cx(Co—S7)s,€'°
x 0 X 2 2_ 2 2 2_ 2\ aid1a-2i8
m2e2i”—+ 1 c5syCy(C;—S;) +5,8,[5:8,Cy+ Cy(Sy—Cy)s,€' ' le ™ o2
-T2 2_2 2_2\e @id
ms cs (Cx =SSy Cy+S,Cy(Cy— S)) €'
0 O )
_lez|P—1
Fil 0 x X ms
0 x X M2 2io_q
3
0 X —is
my 2o S¢Cyt CySySe o5
Fp: X 0 ms S,Cy+CySys,e" 17
X 0 X _ —is
&eZia:CXCy SxSyS;€ 2o
ms CiCy—SxSyS,e"'?
X X 0 _ -is
my e2ip:SXSy CxCySe 0 s
Fe:f X X 0 mg S8y~ C,C,S,e "1
0 0 X -is
m, 2o CySyt54CyS,e o210

ms CiSy+S,Cys,e’?

rameter space of§ ) and that of ¢y,6,) are rather ~generous region, as that given in E#0), our present analy-

large. Hence pattern C is also favored in phenomenology. Sis shows that these two patterns are marginally allowed by
(4) For pattern R, & is restricted to be around 0° or current data.

360°. In particular, the region 96€6<270° is entirely ex-

cluded. siR26,,,>0.084 holds for the allowed range &t IV. NUMERICAL PREDICTIONS AND FURTHER

Different from patterns 4, B;, and C, pattern Prequires DISCUSSIONS

relatively strong correlation betweefy and 6, (e.g., small

Vﬁluesdof Oy aret assoac;:ice?hwith large values @tglg; irtl th?t dictions, in particular, for the absolute neutrino masses and

aflowed parameter spacen tis Sense, we argue fhat patiern Majorana phases @P violation [9]. With the help of

D, is less natural in phenomenology, although it has not bee&q (14), one may calculate the mass ratiog /m, and
. ' 3

ruled out by current experimental data. A similar argument .
can be made for pattern,D m,/m3 as well as the Majorana phasgsind . The abso-

It is worth remarking that patterns,band D, were not lute neutrino mas, can be determined from
included into the phenomenologically allowed patternd/of

A two-zero texture oM has a number of interesting pre-

, ; e 1
in the previous cIaSS|f|cath[r8,9], where only a very narrow My=————JAM,, (16)
range of 0, around 45°(corresponding to maximal or m,\ 2
nearly maximal mixing of atmospheric neutrino oscillations 1- o
3

[17]) was typically taken. Allowingé,, to vary in a more
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FIG. 2. Pattern B of the neutrino mass matrikl: allowed re-
gions of sif26,,, Vs &, 0y Vs by, o VSp, My/Mgvsmy/mg, (M)ee

vs (M), andJ vs ms.

vs (M), andJ vs ms.

Therefore, a full determination of the mass spectrum of three
neutrinos is actually possible. Then we may obtain deﬂmtem
predictions for the effective mass of the tritium beta decay,

We perform a numerical calculation oh,/ms versus
1/mg, o versusp, {M)g. versusm),, andJ versusmg fo_r
patterns A, By, C, and . The results are shown in Figs.
1-4. Some discussions are in order.

(M) =My C5C2+ mysics+mgs? ; (17 (1) For pattern A, p~d/2 or p~&/2—180° ando~p
) +90° hold in most cases. Two neutrino mass ratios lie in the
and that of the neutrinoless double beta decay, ranges 0.038m,/m,=<0.19 and 0.18%m,/m,<0.28, and
the absolute value ofm; is in the range 0.04 e¥mjy
(M)ee=|m c2c2e?P+ mysicZe?“+mys?|.  (18)  <0.065 eV. As(m)e.=0 is a direct consequence of texture

A4, we calculate the sum of three neutrino masses in-
stead of{m)e.. The result is 0.047 e¢Xm;<0.093 eV, in
contrast with 0.003 e¥({m),<0.014 eV. The rephasing

It is clear that the Dirac phasé has no contribution to
(m)ee. Note thatCP- and T-violating asymmetries in nor-
mal neutrino oscillations are controlled by or the invariant of CP violation J is found to lie in the
rephasing-invariant parameter stxcxsycyszcgsin é. range —0.037<J=<0.038. Similar predictions are expected
Whether{m), and(m).. can be measured remains an openfor pattern A.

question. The present experimental upper boundsiag (2) For pattern B, p~o~6—90° or p~o~45—270°
<2.2 eV [18] and (m)¢<0.35 eV[19] at the 90% confi- holds in most cases. Two neutrino mass ratingms may
dence level. The proposed KATRIN experiment is possibldie either in the range 0.58m;/m3;=<0.99 or in the range
to reach the sensitivitym),~0.3 eV[20], and a number of 1.01<m;/m;<1.88, andm,/m; may lie either in the range
next-generation experiments for the neutrinoless double be&53<m,/m3;<0.99 or in the range 1.64m,/m3;=<1.88.
decay[21] is possible to probém), at the level of 10-50 The value ofm; is found to be in the range 0.026 €\n;
meV. =<0.35 eV. Furthermore, we arrive at 0.027=VYm),
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FIG. 3. Pattern C of the neutrino mass matkik allowed re- FIG. 4. Pattern B of the neutrino mass matrikl: allowed re-
gions of sif26,,,Vs &, 0y VS Oy, o VS p, My /Mg vsmy /Mg, (M) gions of siff26,,, Vs &, 0y Vs by, o VSp, My/Mgvsmy/mg, (M)ee
vs(m)e, andJ vs ms. vs (M), andJ vs ms.
~(m)..=0.35 eV as well as-0.037<J=<0.037. Similar re- We see that there is no hope to measure ath, and
sults can be obtained for patterns,BB;, and B,. (M)ee, if the neutrino mass matri takes pattern Aor A,.

(3) For pattern C,o~p when 6, approaches 45°; and As for categories B and C d¥l, the upper limit of(m), is
there is no clear correlation betwegrando for other values  close to the sensitivity of the KATRIN experiment
of 6,. Two neutrino mass ratias, /ms may lie either in the  (~0.3 eV[20]), and that o m)e. is just below the current
range 0.95m,;/m;<0.99 or in the range 1.8dm,/m;  experimental bounfil9].
=<5.4, and my,/m; may lie either in the range 0.95
<m,/m3=<0.99 or in the range 1.64m,/m;<5.3. The
value of m; is found to lie in the range 0.009 e¥m,
<0.35 eV. Itis remarkable thgm)..~mj; holds to a good In summary, we have discussed some implications of the
degree of accuracy in the allowed space of those input pa<amLAND measurment on the lepton flavor mixing matrix
rameters. We also obtain 0.04 €Ym).<0.35eV and V and the neutrino mass matrM. The model-independent
—0.03%&=J=<0.037. constraints on nine elements\dthave been obtained up to a

(4) For pattern , p~6—90° or p~§—270° ando  reasonable degree of accuracy. Nine two-zero texturdg of
~p+90° hold. Two neutrino mass ratios lie in the rangesare found to be compatible with current experimental data,
7.5=m;/m3=<8.8 and 7.35m,/m3=<8.6, and the absolute but two of them are only marginally allowed. Instructive
value ofms is in the range 0.005 e¥m3;=<0.008 eV. As for  consequences of these phenomenologically favored textures
the tritium beta decay and neutrinoless double beta decay, wsf M on the absolute neutrino masses, Majorana phases of
obtain 0.04 e¥(m),<0.062 eV and 0.008 e¥(m).,  CP violation,(m), and(m). are numerically explored. Our
<0.014 eV. The range ofl is found to be —0.014<J results will be very useful for model buildin@2], in order
<0.011. Similar predictions can straightforwardly be madeto understand why neutrino masses are so tiny and why two
for pattern B). of the lepton flavor mixing angles are so large.

V. SUMMARY
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