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Neutrino mass matrices with one texture zero and a vanishing neutrino mass
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Assuming the Majorana nature of neutrinos, we investigate the singular one texture zero neutrino mass
matrices in the flavor basis. We find that for the normal mass ordering with m; = 0, all six one texture zero
classes are now ruled out at 3¢ confidence level, whereas for inverted mass ordering with m; = 0 only four
classes out of the six total can accommodate the latest neutrino oscillation data at 3¢ confidence level.
Moreover, only two classes can accommodate the present data at 16 confidence level. We examine the
phenomenological implications of the allowed classes for the effective Majorana mass and Dirac and
Majorana CP-violating phases. Working within the framework of the type-I seesaw mechanism, we present

simple discrete Abelian symmetry models leading to all the phenomenologically allowed classes.
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I. INTRODUCTION

In the last three years, T2K, MINOS, Double Chooz,
Daya Bay, and RENO experiments [ 1-5] have established a
nonzero and relatively large value of the reactor mixing
angle 05. The result has further motivated experimentalists
to pin down the longstanding problem of CP violation and
mass ordering in the neutrino sector. Recent global fits of
neutrino oscillations [6,7], have reported best fit points
and 1o errors on the Dirac CP-violating phase 6. On the
theoretical side, in order to explain the pattern of neutrino
masses and mixing, several ideas have been proposed in the
literature which reduce the number of free parameters in the
neutrino mass matrix; e.g., some elements of the neutrino
mass matrix are considered to be zero [8—11] or equal [12],
or both the possibilities are taken together [13]. Similarly,
some cofactors of the neutrino mass matrix are considered
to be zero [14], equal [12], or both [15]. The analysis of two
texture zero neutrino mass matrices in the flavor basis
restricts the number of experimentally compatible classes
to seven. The phenomenological implications of one
texture zero neutrino mass matrices have also been inves-
tigated in the literature [16—18] and it has been found that
all six possible classes with one texture zero in the neutrino
mass matrix are experimentally viable.

In the flavor basis where the charged lepton mass matrix
is diagonal, the Majorana neutrino mass matrix, being
complex symmetric, contains six independent entries. If
one of the elements is assumed to be zero, then we have six
possible one texture zero classes, which are shown in
Table 1. The condition of a single texture zero in the
neutrino mass matrix is less restrictive (and hence less
predictive) than the condition of two texture zeros.
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However, one can further reduce the number of free
parameters of one texture zero Majorana neutrino mass
matrices by considering one of the neutrino masses to be
zero, which is still an experimentally viable scenario. In
Refs. [17,19], particular attention has been paid to neutrino
mass matrices with one texture zero and a vanishing
neutrino mass, which is termed as the singular one texture
zero model. Recently, individual classes of one texture zero
with a vanishing neutrino mass have been studied by some
authors; e.g., in Ref. [20] the authors have considered
classes P, and Ps with the additional constraint of a new
kind of constrained sequential dominance (CSD2) [20,21].
In Ref. [22] classes P, P4, and P5 have been explored with
the motivation of linking the ratio of mass-squared
differences and the (1, 3) element of the neutrino mixing
matrix. Class P, has also been studied in Ref. [23] and class
P; has been studied in Ref. [24]. In Ref. [25] all the
singular one texture zero classes along with other new
texture structures have been obtained by systematically
scanning the zeros of the Dirac and the right-handed
Majorana neutrino mass matrices within the context of
the type-I seesaw mechanism [26].

Classes P4, Ps, and P4 have also been derived in
Ref. [27] in the minimal type-I seesaw model considering

TABLEI. Possible structures of neutrino mass matrices having
one texture zero. X denotes the nonzero elements.
P, P, P
0 x Xx X X X X X X
( X X X ) ( x 0 x > < X X X )
X X X X X X x x 0
x 0 x x x 0 X X X
( 0 x X ) ( X X X > ( x x 0 )
X X X 0 x x x 0 x
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only two right-handed heavy Majorana neutrinos. Further,
these minimal models have been reinvestigated in Ref. [28]
by keeping the minimum number of parameters which can
lead to successful leptogenesis and considering the rela-
tively large value of 6;5. Recently, the renormalization
group effects on neutrino mixing parameters corresponding
to classes Py, Ps, and P have been considered in Ref. [29].

In view of the refined measurement of reactor mixing
angle 8,3 and with the motive of carrying out a complete
phenomenological analysis of all the classes of singular one
texture zero, we investigate neutrino mass matrices with
one texture zero and a vanishing neutrino mass. Working
within the framework of the type-I seesaw mechanism [26],
we construct simple neutrino mass models, based on Zg
discrete symmetry, which lead to the experimentally
allowed classes studied in the present work.

The rest of the paper is structured as follows: In Sec. II,
we discuss the methodology employed to obtain the
constraint equations for one texture zero. Section III is
devoted to numerical analysis. In Sec. IV, we give the
details of symmetry realization of all the allowed classes. In
Sec. V, we summarize our work.

C12€13

V=UP = | —cip523513 — S1p623¢ ™"
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where ¢;; = cos6;; and s;; = sin6;;. Here, U is a 3 x 3
unitary matrix consisting of three flavor mixing angles
(01, 053, 013) and one Dirac CP-violating phase o, and
P = diag(e?”, e*, 1) is a diagonal phase matrix consisting
of two Majorana CP-violating phases p and o.

If one of the elements of M, is considered zero, i.e.,
M,,, = 0, we obtain the following constraint equation,

> Uyl =0, 4)

i=1.23

where [, m run over e, u, and 7. Two independent mass-
squared differences dm? (solar) and Am? (atmospheric) are
defined as

om? = (m3 — m3), (5)

Am? = |m3 — m3|. (6)
The ratio of above mass-squared differences is given by

ém?

If we consider one of the neutrino masses to be zero,
then since m, > m; has already been confirmed by solar

io
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II. METHODOLOGY

The effective Majorana neutrino mass matrix (M)
contains nine parameters which include three neutrino
masses (mp, m,, my), three mixing angles (6,5, 63, 6013),
and three CP-violating phases (J, p, ¢). In the flavor basis,
the Majorana neutrino mass matrix can be expressed as

M, = VMdiseyT, (1)

where MY = diag(m,, m,, m3) is the diagonal matrix of
neutrino masses and V is the flavor mixing matrix. The
above equation can be rewritten as

A 0 0
M,=U|0 2 o |U, (2)
0 0

where A, =m,e*?, A, =m,e*? )3 =ms. For our analysis,
we consider the following parametrization of V [30]:

$12€13 S13
—i5
—S12523813 + €238 spcz | P, (3)
—i5
—512€238513 — C12823€ €23C13

|

neutrino oscillation data [31,32], m, cannot be equal to
zero. Thus, we are left with two possibilities where
either m; or ms; can vanish corresponding to normal
(my = 0,my < m3) or inverted (m; < m,, my = 0) mass
ordering, respectively. The vanishing lowest neutrino mass
along with one texture zero condition puts constraints on
the parameter space of neutrino masses, neutrino mixing
angles, and CP-violating phases.

In the case of one texture zero neutrino mass matrices,
there exists a permutation symmetry between certain
classes. This corresponds to a permutation of the 2-3 rows
and 2-3 columns of M,. The corresponding permutation
matrix is

1 0 0
010

As a result of permutation symmetry between different
classes, one obtains the following relations among the
oscillation parameters,

9)1(2 = 9%/2’ 9%(3 =90°— 0537

05, =6, 5 =5" —180°, (9)
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where X and Y denote the classes related by 2-3 permu-
tation. The following one texture zero classes are related via
permutation symmetry:
P2<—>P3, P4(—>P5. (10)

Classes P; and P4 transform into themselves under the
action of P»3.

Case I. my = 0 (normal mass ordering)

Using Eq. (4), we get the following expressions for the

neutrino mass ratio (Zl—’i) and the Majorana phase o:

@: |U13Um3| (11)
ms |U12Um2 '
1 UpU,s
== - . 12
? 2arg< Ul2Um2> (12)

Since m, is zero, therefore, Majorana phase p becomes
unphysical in this case. Using Egs. (5) and (6), neutrino
masses (m;, m,, ms3) can be expressed in terms of
experimentally known mass-squared differences (Sm?,
Am?) as

m; =0, my =\ om?, msy = \/ om?> + Am?.
(13)
Hence, we obtain
R
Y (14)
m3 1 + Ry

Using Egs. (11) and (14), we can express R, in terms of
mixing angles (61,, 6,3, 613) and the Dirac CP-violating
phase (6) as
-1
1> |

Case II: my = 0 (inverted mass ordering)
The expressions for the neutrino mass ratio (3;2) and

UpU,nl?
Ru:(| 2 n12| _

(15)
|ljl3l]m3|2

Majorana phase difference (p — o) are given by

my _ |UpUyy

— ZnYml 16)

my |U12Um2 (
1 UpU,p

— 6= -arg(—2m2 ) 17

p-e 2arg( UllUm1> (17)

In the case of inverted mass ordering, the phase difference
(p — o) is the relevant physical phase. From Eq. (17), it is
clear that Majorana phases (p, o) are linearly corelated.
The neutrino mass spectrum for inverted mass ordering is
given by

PHYSICAL REVIEW D 92, 013006 (2015)

my, =V Am?* — ém?, my, =V Am?,

ms = 0.
(18)
mp

The mass ratio (ﬁ) is related to R, and is given by

mz_ 1
ml_ l—R

12

(19)

Using Egs. (16) and (19), we can express R, in terms of
mixing angles (6;,, 6,3, 013) and the Dirac CP-violating
phase (0) as

UpU,p|?
Ry _ 1_' 2Y m2 )
UllUml

(20)

The expression for the Jarlskog rephasing parameter Jp,
which is a measure of CP violation, is given by

. 2
Jep = $12€12523€23813€73 SIN 0. (21)

III. NUMERICAL ANALYSIS

The experimental constraints on neutrino parameters at
lo, 20, and 306 confidence levels (C.L.) are given in
Table II. The effective Majorana mass term relevant for
neutrinoless double beta (Ovff) decay is given by

_ 2 2 2 2 s 2
(M,.| = |mictyctze” + mysiycize”” + masiy.

(22)
Observation of Oypp decay will imply lepton number
violation and the Majorana nature of neutrinos. For reviews
on Oupf decay, see Refs. [33,34]. A large number of
projects such as CUORICINO [35], CUORE [36], GERDA
[37], MAJORANA [38], SuperNEMO [39], EXO [40], and
GENIUS [41] aim to achieve a sensitivity up to 0.01 eV for
|M,,|. We take the upper limit on |M,,| to be 0.5 eV [34].
Data from the Planck satellite [42] combined with other
cosmological data put a limit on the sum of neutrino
masses as

3
T = Zl:m,. <023eV at95% CL. (23)

In the present analysis, we assume a more conservative
upper limit £ < 1 eV, on the sum of neutrino masses.
Since we are considering one of the neutrino masses to
be zero, we have two possibilities, i.e., either m; = 0 or
m3 = 0 corresponding to normal or inverted mass order-
ings, respectively. Egs. (15) and (20) incorporate the
constraints of a vanishing neutrino mass and one texture
zero, for normal and inverted mass orderings, respectively.
We span the parameter space of input neutrino oscillation
parameters (0,5, 03, 015, Am?>, Am?) lying in their 3¢
ranges by randomly generating points of the order of 107.
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TABLEII.  Current neutrino oscillation parameters from global fits at 1o, 26, and 3¢ confidence level [6]. NO (10)
refers to normal (inverted) neutrino mass ordering.

Parameter Best fit 20 36
om?* (107 eV?) 7.60 7.42-7.79 7.26-7.99 7.11-8.18
\Am§1| (1073 eV?) (NO) 2.48 2.41-2.53 2.35-2.59 2.30-2.65
\Am§1| (1073 eV?) (10) 2.38 2.32-2.43 2.26-2.48 2.20-2.54
01 34.6° 33.6°-35.6° 32.7°-36.7° 31.8°-37.8°
6,3 (NO) 48.9° 41.7°-50.7° 40.0°-52.1° 38.8°-53.3°
6,3 (10) 49.2° 46.9°-50.7° 41.3°-52.0° 39.4°-53.1°
613 (NO) 8.6° 8.4°-8.9° 8.2°-9.1° 7.9°-9.3°
013 (10) 8.7° 8.5°-8.9° 8.2°-9.1° 8.0°-9.4°
6 (NO) 254° 182°-353° 0°-360° 0°-360°
6 (10) 266° 210°-322° 0°-16° @ 155°-360° 0°-360°

Since the Dirac CP-violating phase ¢ is experimentally
unconstrained at the 3¢ level, we vary 6 within its full
possible range [0°, 360°]. Using Egs. (15) and (20) and the
experimental inputs on neutrino mixing angles and mass-
squared differences, the parameter space of J, p, o, and
|M,,| can be subsequently constrained.

It is found from our analysis that for one texture zero
neutrino mass matrices with m; = 0, all six patterns are
now inconsistent with the latest global fits of neutrino
oscillation data at the 3¢ level. This result is mainly due to
the reduced 30 errors on the experimentally measured
values of #;3. On the other hand, for singular one texture
zero neutrino mass matrices with m; = 0, only classes P,,
P;, P,, Ps are found to be compatible with the latest
experimental data at 3o level. We have also performed the
numerical analysis by considering 1o and 20 ranges of
neutrino mixing angles and mass-squared differences.

Case I. my = 0 (normal mass ordering)

Classes P,, P3, Pg with m; = 0 have already been ruled
out in Ref. [17]. In the following we check the viability of
the rest of the classes viz. Py, P4, Ps with current exper-
imental data.

Class P;: Using Eq. (15), the exact analytical expression
of R, in terms of 6,5 is given by

4
3

R, =1
Co(sh—1y)

(24)

where f;; =tanf;;. With the experimentally allowed
ranges of 0, and 605, we find that R, turns out to be
below its experimentally allowed 3¢ range and hence is in
conflict with the latest data.

Class P,: With the help of Eq. (15), we obtain the
following expression for R, in the leading order approxi-
mation of s;3:

2 2
15,8
R, ~ 23°13

~ . (25)
S%zc%z

The latest mixing data lead to rather higher values
of R,, lying in the range (0.05-0.5) as compared to the
allowed 3o range (0.0279-0.0372) of R,, and hence class
P, is excluded by current experimental data at 30 C.L.

Class Ps : We obtain the following expression for R, in
the leading order approximation of s3:
st

~

e S 26
535TCth (26)

v

Since classes P5 and P, are related via the permutation
symmetry given in Eq. (8), their phenomenological impli-
cations are similar. As in the case of class P, the latest
mixing data lead to values of R, above its experimentally
allowed 30 range; hence, class Ps is also ruled out by the
latest experimental data. Reference [28] has also found
classes P, and Ps to be incompatible with the recent data
for normal mass ordering. Further, in Ref. [29] it has been
shown that these classes remain disfavored even after
taking into account the renormalization group effects.

Classes P, and P5 with normal mass ordering have been
studied in Ref. [20] with the additional constraint of CSD2
[20,21]. In Ref. [22], classes P, P,, and P5 with normal
mass ordering have been examined with the outcome that
the (1, 3) element of the neutrino mixing matrix and the
parameter R, are found to be linked for these classes.

All these classes are now incompatible with the recent
data [6] for the normal mass ordering and one has to
consider modifications to these classes for them to be
compatible with the latest data. In this direction, small
charged lepton contributions to classes P, and Ps, along
with the CSD2 constraint, have been considered in
Ref. [21], where a unified indirect family symmetry model
has been constructed, which leads to 8,3 ~ 8 —9°,

Case II: my = 0 (inverted mass ordering)

For the inverted neutrino mass ordering case, classes P,,
P;, P,, Ps are found to be compatible with the latest
neutrino oscillation data at 3¢ C.L. Interestingly, classes P,
and P; cannot satisfy the experimental data at 16 C.L.
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FIG. 1 (color online).

while remaining classes P, and P5 predict the Dirac phase &
to be near 270° at the same confidence level. The
correlation plots for these classes are given in Figs. 1-3
using 3o ranges of the known neutrino oscillation param-
eters while numerical results at 1o, 20, and 36 C.L. are
given in Table II. Discussed below are the phenomeno-
logical implications of the experimentally allowed classes.

Class P,: To the leading order in 5,3 we get the following
expression for the mass ratio (72):

m2~ >
m

(27)

205513f23)
9
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FIG. 2 (color online).
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Correlation plots for class P,.

Some of the interesting plots for class P, are shown in
Figs. 1 and 2. In Fig. 1(a) we have shown the correlation
plot between the two Majorana phases p and o. In the case
of m3 = 0, one has the freedom to make an overall phase
rotation of neutrino masses so that the Majorana phase
associated with one of the nonzero neutrino masses, i.e., n;
or m,, may be rotated away and we are left with only one
phase difference which is physical. In Fig. 1(b) we have
shown the correlation plot between the physical Majorana
phase difference (p — o) and Dirac phase §. One can see
that (p — o) and 6 are constrained to small ranges for class
P,. A vanishing ¢ is still possible for class P, which allows

(b)

Correlation plots for classes P; (a) and P, (b) depicting the 2-3 interchange symmetry.
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for vanishing J-p along with nonzero values [Fig. 1(c)].
The effective Majorana mass |M,,| has been plotted against
o in Fig. 1(d). It is clear that only a narrow range for
|M,.|~(0.0102-0.0205) eV is allowed for class P,.

Class P5: Since class P; is related to class P, via
permutation symmetry [Eq. (8)], the phenomenological
implications for class P; can be obtained from class P,
using Eq. (9). The 2-3 interchange symmetry between
classes P, and P; is shown in Fig. 2. From Fig. 2(a) [2(b)]
one can see that for higher values of 63, the lower (upper)
quadrant of 6,3 is preferred for class P; (P,). Figs. 2(a)
and 2(b) may appear to show a slight deviation from
the 2-3 interchange symmetry relation:

053 = 90° — 052, (28)

However, this apparent deviation is just because the
experimentally allowed 3o range for 6,3 is not symmetric
around 6,3 = 45°.

Class P,: We have the following expression for the mass
ratio (;2) in leading order terms of s,53:

m <1 n 05513123)‘

nmy S12€12
The correlation plots for class P, have been compiled in
Fig. 3. Figure 3(a) shows the correlation plot between the

(29)
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FIG. 3 (color online).
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Majorana phases p and . The physically relevant phase
difference (p — o) has been plotted against the Dirac phase
6 in Fig. 3(b). Both (p — ¢) and § have very small allowed
ranges for class P4. The allowed parameter space for J is
constrained near 90° and 270°, which leads to the result that
Jcp cannot vanish for this class [Fig. 3(c)]. A very narrow
range for |M,,| ~ (0.0412-0.0520) eV is allowed for class
P, [Fig. 3(d)].

Class Ps: As class Ps is related to class P, via
permutation symmetry [Eq. (8)], the phenomenological
implications for class P5 can be obtained from class P,
using Eq. (9). The allowed values of |M,,| for classes P,
and P5 are on the larger side, having no overlap with classes
P, and P; (Table III). Thus, |M,,| can be used to
distinguish between diagonal and off-diagonal one texture
zero classes with a vanishing neutrino mass.

IV. SYMMETRY REALIZATION

Singular one texture zero neutrino mass matrices can be
realized using a discrete Abelian flavor symmetry within
the context of the type-I seesaw mechanism [26]. Such
texture structures were realized earlier in Ref. [17] using
Z\, X Z, symmetry, requiring six (seven) SU(2), doublet
Higgs bosons for the classes where the texture zero is
present on the diagonal (off-diagonal) elements. Here, we
show how the phenomenologically allowed singular one

oo \:

100 150 200 250
60
(b)

0.052F

0.050

0.048 |

0.046 -

|Mee| (eV)

0.044

0.042

haY L L L s
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Correlation plots for class Py.
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TABLE III. The allowed ranges of the Dirac CP-violating phase &, physical Majorana phase difference (p — &), effective Majorana
mass |M,,|, and Jarlskog rephrasing invariant Jcp for the experimentally allowed classes with m3 = 0.
Class C.L. ) -0 |M,.| V) Jep
Py lo X X X X
20 X X X X
30 X X X X
P, lo X X X X
20 0°-16° @ 317°-360° (—90.00°)—(—74.80°) @ 83.82°-90.00°  0.0122-0.0187 (—0.0240)-0.0102
30 0°-53° @ 306°-360° (=90.0°)—(=70.5°) & 71.0°-90.0° 0.0102-0.0205 (—=0.03)-0.03
P; lo X X X X
20 154.7°-214.0° (—90.0°)—(—81.5°) & 78.5°-90.0° 0.0123-0.0167 (—0.0206)-0.0156
30 130°-230° (=90°)—(-73°) @ 73°-90° 0.0102-0.0187 (—0.029)-0.029
P, lo 267.8°-269.9° 9.45°-11.55° 0.0446-0.0482  (—0.0356)—(—0.0327)
20 266.8°-271.7° 7.4°-12.5° 0.0428-0.0501  (—0.0369)—(—0.0308)

30 87.2°-94.2° @ 265.9°-272.9°

Ps lo 268.5°-270.6°
20 267.6°-272.3°
30 86.5°-93.5° @ 266.5°-273.5°

P6 16 X
20 X
30 X

(—13.5°)~(—6.7°) @ 6.7°-13.5°

(—8.90%)—(—7.26°)
(—11.2°)—(~6.6°)
(—12.5°)~(—6°) @ 6°-12.5°

0.0412-0.0520  (—0.0385)(—0.0295)

@ 0.0295-0.0385
(—0.0560)—(~0.0327)
(—0.0369)—(~0.0309)
(—0.0385)—(—0.0295)

@ 0.0295-0.0385

0.0449-0.0485
0.0431-0.0502
0.0413-0.0521

X X X
X X X
X X X

texture zero classes can be realized with a much smaller
number of Higgs doublets and a smaller symmetry group.
For the classes where the texture zero corresponds to
diagonal elements we need only two Higgs doublets and
for the off-diagonal texture zero classes only three Higgs
doublets are required. The symmetry group used to realize
these texture structures is Zg.

Within the framework of the type-I seesaw mechanism,
the effective neutrino mass matrix is given by

M, ~MpMz' M5, (30)
where Mp and My are the Dirac and the right-handed
neutrino mass matrices, respectively. To realize the texture
structures within the framework of the type-I seesaw
mechanism, we extend the standard model by adding three
right-handed neutrinos (v, vz, v,g) and a SU(2), singlet
scalar (y).

For illustration, we show in detail the symmetry reali-
zation of class P, where the (2, 2) element of M, is zero.
For class P, we assume the following transformation
properties of the leptonic fields under the cyclic group Zg:

_ -
D, - @'D,p, €g — Wep, Ver = Veg>
D, = o*D 5ot 5ot
UL w L, , HR W UR, Vur WV,R,
D — wsDer R = Q’STR’ ViR = WU4R, (31)

where @ = ¢?*/8, Dy (f = e, u,7) denote SU(2), dou-
blets and /g, vs denote the right-handed SU(2), singlet
charged lepton and neutrino fields, respectively. According

to the above transformations of the leptonic fields, the
bilinears Dy lyg, Dy vgr, and vf,C™ vy, relevant for M,
Mp and My, respectively, transform as

1 & o

DlegRN » 1 o |,
0® o o
o ® 1

Diyvr~| ot 1 o |,
@ o of
1 o o

ViRClyge~ | 0t 1 @° (32)

o o o

We introduce two SU(2); doublet Higgs (¢, ¢,) trans-
forming as ¢; — ¢, and ¢, = @°¢, under the action of Zg.
These transformation properties of ¢; and ¢, will lead to
the following Zg invariant Yukawa Lagrangian for class P,:

—Ly =Y (D,peg)py + Yo(Dyppg)py + Y3(Dor7r) o
+ Y4(DeLl/rR)¢;l +7s (DyLUMR)ff;l

+ Yﬁ(DrLl/fR)d;z + H.c., (33)

where qgj = ity¢p; (j = 1,2). When the Higgs fields (¢;)
acquire nonzero vacuum expectation values (¢;), # 0, we
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RADHA RAMAN GAUTAM, MADAN SINGH, AND MANMOHAN GUPTA

TABLEIV. Structures of M, and M leading to experimentally
allowed singular one texture zero effective neutrino mass
matrices.

Class Mp Mp

P, 0 0 a A 0 O
(O b 0) <0 B C)
0 0 ¢ 0 C 0

Ps a 0 0 0 0 A
(b 0 0) <o 5 0>
0 0 ¢ A 0 C

P, a 0 0 A 0 O
(0 0 b) (O B O)
c 0 d 0o 0 C

Ps a 0 0 A 0 O
(b 0 ) (o 5 o>
0 0 d 0o 0 C

get the charged lepton mass matrix M; and the Dirac
neutrino mass matrix M of the following form,

m, 0 O
M= 0 m, 0], (34)
0 0 m,
0 a
Mp=1|(0 b 0], (35)
0 0 ¢

where m, =Y (¢1),, my, = Yold1)o, m: = Y3(d2),
a= Y4<¢T>()’ b= Y5<¢T>()’ and ¢ = Y6<¢§>()' For the
right-handed Majorana neutrino mass matrix, we assume
a SU(2), singlet scalar (y) transforming as y — @’y under
Zg; thus y will lead to the nonzero (2, 3) element of Mp.
Also, nonzero (1, 1) and (2, 2) elements of M arise from
bare Majorana mass terms which are already invariant
under Zg. This leads to the following form of My:

My = (36)

[N
a © o
o 0N o

Using the type-I seesaw mechanism, these M, and My lead
to an effective neutrino mass matrix having a zero (2, 2)
element and a vanishing neutrino mass (class P5).

By assigning suitable transformation properties to the
leptonic and Higgs fields under the action of Zg, one can
realize the remaining phenomenologically allowed classes

PHYSICAL REVIEW D 92, 013006 (2015)

TABLE V. Transformation properties of lepton and scalar fields
under Zg for classes P,, P3, P4, and Ps.

Class D,;, D, D,y €, HRs TR Vers Vur> Vi P12 P53 X
P, o, ot 0 w0t 1,0 I o - &
Py o, 0, 0" o 0,0 ol 1 @ - @
P, 1, @°, & Lo o Lote 1 o o o
Ps 1, @, &° Lot,o Loheo 1 o o o

of singular neutrino mass matrices with one texture zero.
The structures of My, and My for all the phenomenologi-
cally allowed classes are summarized in Table IV. The
leptonic and Higgs field transformation properties under
Zg, leading to all viable one texture zero classes with a
vanishing neutrino mass, are given in Table V.

V. SUMMARY

We have done a systematic analysis of all the one texture
Zero neutrino mass matrices with a vanishing neutrino mass
using the latest global fits of neutrino oscillation param-
eters. We find that all six classes with normal mass ordering
are now ruled out at 36 confidence level, whereas in the
case of inverted mass ordering only four -classes
(P,, P5, P4, P5) out of six total are consistent with the
latest experimental data. Furthermore, only classes P, and
Ps are found to be compatible with the latest data at 1o
confidence level. For classes P, and P5 with inverted mass
ordering, the parameter space of the Dirac CP-violating
phase 6 is restricted to values near § ~ 90°, 270° (6 ~ 270°)
at 30 (lo) confidence level. We have shown how the
experimentally allowed classes can be realized within the
context of the type-I seesaw mechanism using Zg discrete
symmetry and a small number of Higgs doublets. Classes
where the texture zero corresponds to diagonal elements
can be distinguished from the off-diagonal one texture zero
classes on the basis of allowed 3¢ ranges of effective
Majorana mass for these classes. For all the experimentally
allowed classes we get ranges for the effective Majorana
mass, which lie within the sensitivity limits of future
neutrinoless double beta decay experiments.
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