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1. Introduction

The study of active-sterile neutrino oscillations received re-
cently a boost from indications in favor of possible short-baseline
oscillations of two types: (1) ν̄μ → ν̄e oscillations observed in the
LSND [1] and MiniBooNE [2] experiments; (2) ν̄e and νe disap-
pearance revealed, respectively, by the Reactor Anomaly [3] and
the Gallium Anomaly [4–10]. In this Letter we consider these indi-
cations in the framework of hierarchical 3 + 1 neutrino mixing and
we discuss the implications for the measurements of the effective
neutrino mass in β-decay and neutrinoless double-β-decay experi-
ments. We also upgrade the global fit presented in Ref. [11] by the
addition of KARMEN [12,13] and LSND [14] νe +12 C →12 Ng.s. + e−
scattering data, as suggested in Ref. [15].

Short-baseline (SBL) neutrino oscillations are generated by a
squared-mass difference �m2

SBL � 0.1 eV2, which is much larger
than the two measured solar (SOL) and atmospheric (ATM)
squared-mass differences �m2

SOL = (7.6 ± 0.2)× 10−5 eV2 [16] and

�m2
ATM = 2.32+0.12

−0.08 × 10−3 eV2 [17]. The minimal neutrino mix-
ing schemes which can provide a third squared-mass difference
for short-baseline neutrino oscillations require the introduction of
a sterile neutrino νs (see Refs. [18–21]). Hierarchical 3+1 neutrino
mixing is a perturbation of the standard three-neutrino mixing in
which the three active neutrinos νe , νμ , ντ are mainly composed
of three massive neutrinos ν1, ν2, ν3 with light masses m1, m2, m3,
such that �m2

SOL = �m2
21 and �m2

ATM = |�m2
31| � |�m2

32|, with the
standard notation �m2

kj ≡ m2
k − m2

j (see Ref. [22]). The sterile neu-
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trino is mainly composed of a heavy neutrino ν4 with mass m4
such that �m2

SBL = �m2
41 and

m1,m2,m3 � m4 ⇒ m4 �
√

�m2
41. (1)

Under these hypotheses, the effects of active-sterile neutrino mix-
ing in solar [23,24] and atmospheric [25–28] neutrino experiments
are small, but should be revealed sooner or later.

In 3 + 1 neutrino mixing, the effective flavor transition and
survival probabilities in short-baseline neutrino oscillation exper-
iments are given by (see Refs. [18–21])

P SBL
(−)
να→(−)

νβ

= sin2 2ϑαβ sin2
(

�m2
41L

4E

)
(α �= β), (2)

P SBL
(−)
να→(−)

να

= 1 − sin2 2ϑαα sin2
(

�m2
41L

4E

)
, (3)

for α,β = e,μ, τ , s, with the transition amplitudes

sin2 2ϑαβ = 4|Uα4|2|Uβ4|2, (4)

sin2 2ϑαα = 4|Uα4|2
(
1 − |Uα4|2

)
. (5)

The hierarchical 3 + 1 scheme may be compatible with the
results of standard cosmological �CDM analyses of the Cosmic
Microwave Background and Large-Scale Structures data, which con-
strain the three light neutrino masses to be much smaller than
1 eV [29–32] and indicate that one or two sterile neutrinos may
have been thermalized in the early Universe [33–40], with an up-
per limit of the order of 1 eV on their masses. Also Big-Bang
Nucleosynthesis data [41,42] are compatible with the existence of
sterile neutrinos, with the indication however that the thermaliza-
tion of more than one sterile neutrino is disfavored [43,38].
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Table 1
Values of χ2, number of degrees of freedom (NDF), goodness-of-fit (GoF) and best-fit values of the 3 + 1 oscillation parameters obtained from the fits of Gallium (GAL),
Reactor (REA), νe −12 C (CAR) data, their combined fit (RGC) and the global fit with (GLO-LOW) and without (GLO-HIG) the MiniBooNE electron neutrino and antineutrino
data with reconstructed neutrino energy smaller than 475 MeV. The first three lines correspond to the case of no oscillations (No Osc.). The following nine lines correspond
to the case of 3 + 1 mixing. The last three lines give the parameter goodness-of-fit (PG) [44].

REA GAL CAR RGC GLO-LOW GLO-HIG

No Osc. χ2
min 27.1 12.0 8.2 47.3 195.1 178.1

NDF 38 4 10 52 144 138

GoF 0.91 0.017 0.61 0.66 0.0049 0.019

3 + 1 χ2
min 21.7 2.3 4.6 36.2 152.4 137.5

NDF 36 2 8 50 144 138

GoF 97% 32% 80% 93% 30% 50%

�m2
41 [eV2] 1.95 2.24 13.80 7.59 0.9 1.6

|Ue4|2 0.026 0.15 0.13 0.036 0.027 0.036

|Uμ4|2 0.021 0.0084

sin2 2ϑeμ 0.0023 0.0012

sin2 2ϑee 0.10 0.51 0.45 0.14 0.10 0.14

sin2 2ϑμμ 0.083 0.034

PG �χ2
min 7.6 18.8 11.6

NDF 4 2 2

GoF 11% 0.008% 0.3%
The global fit presented in this Letter upgrades that presented
in Ref. [11] by the addition of νe +12 C →12 Ng.s. + e− scattering
data, as suggested in Ref. [15]. The considered sets of data are:

• The short-baseline
(−)

νμ → (−)

νe data of the LSND [1], KAR-
MEN [45], NOMAD [46] and MiniBooNE neutrino [47] and
antineutrino [2,48,49] experiments.

• The short-baseline ν̄e disappearance data of the Bugey-3 [50],
Bugey-4 [51], ROVNO91 [52], Gosgen [53], ILL [54] and Kras-
noyarsk [55] reactor antineutrino experiments, taking into ac-
count the new calculation of the reactor ν̄e flux [56,57] which
indicates a small ν̄e disappearance (the reactor antineutrino
anomaly [3]), and the KamLAND [58] bound on |Ue4|2 (see
Ref. [59]).

• The short-baseline νμ disappearance data of the CDHSW ex-
periment [60], the constraints on |Uμ4|2 obtained in Ref. [61]
from the analysis of the data of atmospheric neutrino oscil-
lation experiments, and the bound on |Uμ4|2 obtained from
MINOS neutral-current data [62] (see Refs. [63,11]).

• The data of Gallium radioactive source experiments (GALLEX
[4–6] and SAGE [7–10]) which indicate a νe disappearance (the
Gallium neutrino anomaly [64–72,3]). We analyze the Gallium
data according to Ref. [72].

• The νe +12 C →12 Ng.s. + e− scattering data of the KARMEN
[12,13] and LSND [14] experiments, which constrain the short-
baseline νe disappearance [15].

The plan of the Letter is as follows. Since this is the first time
that the KARMEN and LSND νe +12 C →12 Ng.s. +e− scattering data
are taken into account in a global fit of neutrino oscillation short-
baseline data, in Section 2 we discuss the method of the analysis
and we present the ensuing upgrade of the global fit published in
Ref. [11]. In Section 3 we discuss the predictions for the effective
electron neutrino mass in β-decay. In Section 4 we present the
predictions for the effective Majorana neutrino mass in neutrino-
less double-β-decay. In Section 5 we draw our conclusions.

2. Global fit

In this section we present the upgrade of the results of the
global fit of short-baseline neutrino oscillation data obtained in
Ref. [11] with the inclusion of the KARMEN [12,13] and LSND [14]
νe +12 C →12 Ng.s. + e− scattering data suggested in Ref. [15].

We analyzed the KARMEN and LSND data summarized in
Ref. [15] without assuming a theoretical model for the νe +12

C →12 Ng.s. + e− cross section. We assumed only a dependence of
the cross section on (E − Q )2, where Q = 17.3 MeV is the Q -value
of the reaction. Such dependence on the neutrino energy E is due
to the allowed character of the transition from the 0+ ground state
of 12C to the 1+ ground state of 12N. The information on neutrino
oscillations comes from the different source-detector distances in
KARMEN and LSND: LKARMEN = 17.7 m and LLSND = 29.8 m. The
best fit values of the oscillation parameters and the 95% C.L. al-
lowed region in the sin2 2ϑee–�m2

41 plane are given, respectively,
in Table 1 and Fig. 1, together with the corresponding quantities
obtained from the analysis of reactor and Gallium data.

The νe −12 C curve in Fig. 1 is an exclusion curve which pro-
scribes the region of the oscillation parameters on the right. The
best-fit is obtained for rather large values of the oscillation param-
eters: �m2

41 = 13.80 eV2 and sin2 2ϑee = 0.45. The reason of the
improvement of the value of χ2

min obtained with the best-fit val-
ues of the oscillation parameters with respect to the case of no
oscillations can be understood from Fig. 2, where one can see that
there is an improvement in the fit of the KARMEN data due to
the shorter source-detector distance with respect to the LSND data,
for which there is practically no improvement, because oscillations
are averaged out. From Fig. 1 one can see that for �m2

41 � 20 eV2

there is no constraint on neutrino oscillations from νe −12 C be-
cause the oscillations are averaged out in both the KARMEN and
LSND experiments.

The comparison of the 95% C.L. reactor, Gallium and νe −12 C
allowed regions in the sin2 2ϑee–�m2

41 plane presented in Fig. 1
shows that there is a region of overlap for 0.1 � sin2 2ϑee � 0.2
and �m2

41 � 2 eV2, indicating that the results of the three sets
of data are compatible with the hypothesis of neutrino oscilla-
tions.

Fig. 1 shows also the 95% C.L. allowed region in the sin2 2ϑee–
�m2

41 plane obtained from the combined analysis of reactor, Gal-
lium and νe −12 C, with the best-fit values of the oscillation pa-
rameters listed in Table 1. The compatibility of the three sets of
data is confirmed by the 11% value of the parameter goodness-of-
fit [44].
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Fig. 1. Superposition of the 95% C.L. contours in the sin2 2ϑee–�m2
41 plane obtained

from the separate fits of Gallium, reactor and νe −12 C data and that obtained from
the combined fit. The best-fit points are indicated by crosses (see Table 1).

Fig. 2. KARMEN and LSND νe −12 C cross section data (points and asterisks, respec-
tively) with the corresponding statistical error bars. The solid blue line shows the
best-fit dependence of the cross section on the neutrino energy E in the case of no
oscillations. The dashed red and long-dashed green histograms show, respectively,
the corresponding average cross section for the energy bins of the KARMEN and
LSND data. The dash-dotted red and long-dash-dotted green histograms show, re-
spectively, the average cross section modulated by the best-fit oscillation probability
for the energy bins of the KARMEN and LSND data. (For interpretation of the ref-
erences to colour in this figure legend, the reader is referred to the web version of
this Letter.)

Fig. 3 shows the allowed regions in the sin2 2ϑeμ–�m2
41,

sin2 2ϑee–�m2
41 and sin2 2ϑμμ–�m2

41 planes obtained from the
global analysis of short-baseline neutrino oscillation data listed in
the Introduction. We made two global analyses named GLO-LOW
and GLO-HIG, respectively, with and without the three MiniBooNE
electron neutrino and antineutrino bins with reconstructed neu-
trino energy smaller than 475 MeV, which have an excess of
events called the “MiniBooNE low-energy anomaly”. The best-fit
values of the oscillation parameters are listed in Table 1. In the
global analyses we consider values of �m2

41 smaller than 10 eV2,
since larger values are strongly incompatible with the cosmological
constraints on neutrino masses [33–40].

The GLO-LOW and GLO-HIG analyses are similar, respectively,
to the LOW-GAL and HIG-GAL analyses presented in Ref. [11], but
take into account in addition the KARMEN and LSND νe −12 C
scattering data. From Fig. 3 and Table 1 one can see that the
contribution of the νe −12 C data is beneficial for the lowering
of the best-fit value of �m2

41 from 5.6 eV2 obtained in Ref. [11]
to 0.9 eV2 in GLO-LOW and 1.6 eV2 in GLO-HIG. These values of
�m2

41 are more compatible with the cosmological constraints on
neutrino masses [33–40].

Comparing the GLO-LOW and GLO-HIG parts of Fig. 3 and Ta-
ble 1 one can see that the inclusion of the fit of the MiniBooNE
low-energy data favors small values of �m2

41. This fact has been
noted and explained in Ref. [11]. Hence, the results of the GLO-
LOW analysis are more attractive than those of the GLO-HIG in
view of a better compatibility with cosmological constraints on the
neutrino masses.

The well-known tension between appearance and disappear-
ance data [73–76,19,77,61,78,79,78,59,80,81,11,82] is slightly wors-
ened by the inclusion in the fit of the νe −12 C scattering data,
which strengthen the disappearance constrain.

In the GLO-LOW analysis the 0.008% parameter goodness-of-
fit, has worsened with respect to the 0.04% obtained in Ref. [11],
which was already so low that we wrote that the MiniBooNE low-

energy anomaly “may have an explanation different from
(−)

νμ →(−)

νe

oscillations”. Nevertheless, in the following we will discuss the
GLO-LOW predictions on the effective neutrino masses measured
in β-decay and neutrinoless double-β-decay experiments, because
we are not aware of an a-priori argument which allows to exclude
from the analysis the MiniBooNE low-energy data. The exclusion
a-posteriori motivated by the results of the fit may be hazardous,
taking also into account the nice value of the global goodness-of-
fit (30%) and the above-mentioned preference for small values of
�m2

41 in agreement with the same preference of the cosmological
data.

Considering the GLO-HIG analysis, the 0.3% appearance–disap-
pearance parameter goodness-of-fit is lower than that obtained in
Ref. [11] (1%) because of the above-mentioned strengthening of the
disappearance constraint induced by the νe −12 C scattering data.
However, the appearance–disappearance parameter goodness-of-fit
is not dramatically low and the fit cannot be rejected, also taking
into account the pleasant 50% value of the global goodness-of-
fit.

In the next two sections we discuss the predictions for the
effective neutrino masses measured in β-decay and neutrinoless
double-β-decay experiments.

3. β-Decay

The effective electron neutrino mass mβ in β-decay experi-
ments is given by [83–86] (other approaches are discussed in
Refs. [87–89])

m2
β =

∑
k

|Uek|2m2
k . (6)

The most accurate measurements of mβ have been obtained in the
Mainz [90] and Troitsk [91] experiments, whose combined upper
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Fig. 3. Allowed regions in the sin2 2ϑeμ–�m2
41, sin2 2ϑee –�m2

41 and sin2 2ϑμμ–�m2
41 planes obtained from the GLO-LOW and GLO-HIG global analyses of short-baseline

neutrino oscillation data (see Table 1). The best-fit points are indicated by crosses (see Table 1). The thick solid blue lines with the label APP show the 3σ allowed regions

obtained from the analysis of
(−)

νμ →(−)

νe appearance data. The thick solid red lines with the label DIS show the 3σ allowed regions obtained from the analysis of disappearance
data. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this Letter.)
bound is [70]

mβ � 1.8 eV (Mainz + Troitsk,95% C.L.). (7)

In the hierarchical 3 + 1 scheme we have the lower bound

mβ � |Ue4|
√

�m2
41 ≡ m(4)

β . (8)

Therefore, from the analysis of short-baseline neutrino oscillation
data we can derive predictions for the possibility of observing
a neutrino mass effect in the KATRIN experiment [92], which is
under construction and scheduled to start in 2012, and in other
possible future experiments.

Let us however note that the effective electron neutrino mass
in Eq. (6) has been derived assuming that all the neutrino masses
are smaller than the experimental energy resolution (see Ref. [22]).
If m4 is of the order of 1 eV, the approximation is acceptable
for the interpretation of the result of the Mainz and Troitsk ex-
periments, which had, respectively, energy resolutions of 4.8 eV
and 3.5 eV [93]. On the other hand, the energy resolution of the
KATRIN experiment will be 0.93 eV near the end-point of the en-
ergy spectrum of the electron emitted in Tritium decay, at T = Q ,
where T is the kinetic energy of the electron and Q = 18.574 keV
is the Q -value of the decay. If the value of m4 is larger than the
energy resolution of the experiment, its effect on the measured
electron spectrum cannot be summarized by one effective quan-
tity, because the Kurie function K (T ) is given by

K 2(T )

Q − T
=

√
(Q − T )2 − m̃2

β − |Ue4|2(Q − T )

+ |Ue4|2
√

(Q − T )2 − m2
4 θ(Q − T − m4), (9)

where m̃2
β = ∑3

k=1 |Uek|2m2
k is the contribution of the three neu-

trino masses much smaller than 1 eV and θ is the Heaviside step
function.

In the following we discuss the predictions obtained from the
GLO-LOW and GLO-HIG analyses of short-baseline neutrino oscil-
lation data for both the contribution m(4)

β to the effective mass in
β-decay and the distortion of the Kurie function due to m4.
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Table 2

Allowed 1σ , 2σ and 3σ ranges of m4 =
√

�m2
41, |Ue4|2, m(4)

β = |Ue4|
√

�m2
41 and m(4)

ββ = |Ue4|2
√

�m2
41 obtained from the fits of Tritium data with Gallium (GAL+TRI),

Reactor (REA+TRI) and νe −12 C (CAR+TRI) data, their combined fit (RGCT) and the global fit with (GLO-LOW) and without (GLO-HIG) the MiniBooNE electron neutrino and
antineutrino data with reconstructed neutrino energy smaller than 475 MeV. Masses are given in eV.

REA+TRI GAL+TRI CAR+TRI RGCT GLO-LOW GLO-HIG

m4 1.3–5.2 1.0–2.8 2.7–3.8 1.4–3.8 0.91–2.5 1.2–2.4
0.41–13 0.85–5.2 < 245 1.2–8.4 0.88–2.5 0.91–2.5
< 343 0.22–11 < 412 0.42–16 0.85–2.8 0.87–2.8

|Ue4|2 0.01–0.04 0.09–0.20 0.03–0.14 0.02–0.05 0.02–0.04 0.03–0.05
0.00–0.05 0.04–0.28 – 0.01–0.06 0.02–0.06 0.02–0.06
< 0.06 > 0.00 – 0.00–0.07 0.01–0.07 0.01–0.07

m(4)
β 0.16–0.81 0.36–1.06 0.48–1.40 0.23–0.74 0.14–0.49 0.21–0.45

0.02–1.69 0.23–1.79 < 1.79 0.15–1.45 0.12–0.56 0.13–0.56
< 2.29 0.05–2.29 < 2.29 0.02–2.15 0.10–0.65 0.11–0.63

m(4)
ββ 0.021–0.13 0.110–0.41 0.081–0.51 0.039–0.15 0.020–0.10 0.035–0.09

< 0.30 0.048–0.76 < 0.78 0.019–0.28 0.015–0.13 0.018–0.12
< 0.42 0.003–1.03 < 1.17 0.001–0.44 0.011–0.16 0.013–0.16
Fig. 4. Marginal �χ2 = χ2 − χ2
min as a function of the contribution m(4)

β =
|Ue4|

√
�m2

41 to the effective β-decay electron-neutrino mass mβ obtained from the

fits of Tritium (TRI) data with Reactor (REA), Gallium (GAL) and νe −12 C (CAR) data,
their combined fit (RGCT) and the GLO-LOW and GLO-HIG global fits.

Fig. 4 shows the marginal �χ2 = χ2 − χ2
min as a function of

m(4)
β for the data analyses listed in Table 2, which gives the 1σ ,

2σ and 3σ allowed ranges of m4, |Ue4|2 and m(4)
β .

The predictions for m(4)
β obtained from the analyses of reac-

tor, Gallium and νe −12 C data are interesting, because these data

give direct information on |Ue4| from the amplitude of
(−)

νe disap-
pearance (see Eq. (5)). Since the data of these experiments do not
allow us to constrain the upper value of �m2

41, as can be seen in
Fig. 1, we have analyzed their data in combination with the Tri-
tium data of the Mainz [90] and Troitsk [91] experiment. This is
the origin of the corresponding upper limits for m4 and m(4)

β in

Table 2 and the corresponding steep rise of �χ2 for m(4)
β � 2 eV

in Fig. 4.
As one can see from Fig. 4 and Table 2, the most stringent

predicted ranges for m(4) are obtained in the GLO-LOW and GLO-
β
Fig. 5. Bands of the relative deviation of the Kurie plot in β-decay corresponding
to the allowed regions in the sin2 2ϑee –�m2

41 plane in Fig. 3, obtained from the
GLO-LOW global analysis of short-baseline neutrino oscillation data (see Table 1).
The black solid line corresponds to the best-fit point (m4 = 0.94 eV and |Ue4|2 =
0.027). The dashed, dotted and dash-dotted lines correspond, respectively, to the
local minima at (m4 = 1.11 eV, |Ue4|2 = 0.03), (m4 = 1.27 eV, |Ue4|2 = 0.035) and
(m4 = 2.40 eV, |Ue4|2 = 0.033).

HIG analyses, but all the analyses agree in favoring values of m(4)
β

between about 0.1 and 0.7 eV, which is promising for the perspec-
tives of future experiments.

In Figs. 5 and 6 we show the relative deviation of the Kurie
function from the massless case (K (T ) = Q − T ) obtained in the
GLO-LOW and GLO-HIG analyses, neglecting the contribution of m̃β

in Eq. (9). For T > Q − m4 the deviation is constant, because the
Kurie function in Eq. (9) reduces to

K (T ) = (Q − T )

√
1 − |Ue4|2. (10)

For T = Q − m4 there is a kink and for T < Q − m4 the Kurie
function depends on both m4 and |Ue4|2, as given by Eq. (9).

From Figs. 5 and 6 one can see that high precision will be
needed in order to see the effect of m4 and measure |Ue4|2,
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Fig. 6. Bands of the relative deviation of the Kurie plot in β-decay corresponding
to the allowed regions in the sin2 2ϑee –�m2

41 plane in Fig. 3, obtained from the
GLO-HIG global analysis of short-baseline neutrino oscillation data (see Table 1).
The black solid line corresponds to the best-fit point (m4 = 1.27 eV and |Ue4|2 =
0.036). The dashed, dotted and dash-dotted lines correspond, respectively, to the
local minima at (m4 = 0.95 eV, |Ue4|2 = 0.027), (m4 = 1.11 eV, |Ue4|2 = 0.031) and
(m4 = 2.40 eV, |Ue4|2 = 0.033).

which is the only parameter which determines the deviation of
K (T ) from the massless Kurie function near the end point, for
T > Q − m4. If the mixing parameters are near the best-fit point
of the GLO-LOW analysis, a precision of about one percent will
be needed within 1 eV from the end-point of the spectrum. Find-
ing the effect of m4 farther from the end-point, for T < Q − m4
is more difficult, because the relative deviation of the Kurie func-
tion can be as small as about 10−3. The GLO-HIG analysis prefers
slightly larger values of m4, but the discovery of an effect in β-
decay will require a similar precision.

4. Neutrinoless ββ-decay

If massive neutrinos are Majorana particles, neutrinoless dou-
ble-β decay is possible, with a decay rate proportional to the ef-
fective Majorana mass (see Refs. [94–98,22])

mββ =
∣∣∣∣∑

k

U 2
ekmk

∣∣∣∣. (11)

The results of the analysis of short-baseline oscillation data allow
us to calculate the contribution of the heaviest massive neutrino
ν4 to mββ , which is given by

m(4)
ββ = |Ue4|2

√
�m2

41, (12)

taking into account the mass hierarchy in Eq. (1). If there are no
unlikely cancellations among the contributions of m1, m2, m3 and
that of m4 [99] (possible cancellations are discussed in Refs. [100,
101]), the value of m(4)

ββ is a lower bound for the effective neutrino
mass which could be observed in future neutrinoless double-β de-
cay experiments (see the review in Ref. [102]).
Fig. 7. Marginal �χ2 = χ2 − χ2
min as a function of the contribution m(4)

ββ =
|Ue4|2

√
�m2

41 to the effective neutrinoless double-β decay Majorana mass mββ ob-

tained from the fits of Tritium (TRI) data with Reactor (REA), Gallium (GAL) and
νe −12 C (CAR) data, their combined fit (RGCT) and the GLO-LOW and GLO-HIG
global fits.

Fig. 7 shows the marginal �χ2 as a function of m(4)
ββ for the

data analyses listed in Table 2, which gives the 1σ , 2σ and 3σ

allowed ranges of m(4)
ββ .

The analyses of the Gallium and νe −12 C scattering data give
optimistic indications in favor of a value of m(4)

ββ of about 0.2 eV,
albeit with large uncertainties, but their combined fit with reactor
data lowers the prediction to a best-fit value of about 0.1 eV, with
a 1σ allowed range which extends down to about 0.04 eV. The
reason is that reactor data constrain |Ue4|2 to small values, as can
be seen in Table 2.

The predictions for m(4)
ββ obtained from global GLO-LOW and

GLO-HIG agree in indicating a 3σ allowed range between about
0.01 and 0.1 eV. The connection of the value of m(4)

ββ with the al-
lowed regions for the oscillation parameters is clarified in Figs. 8
and 9, where we show the allowed regions in the |Ue4|2–m4 plane
obtained, respectively, from the GLO-LOW and GLOW-HIG analyses,
together with lines of constant m(4)

ββ . One can see that if the oscil-
lation parameters are close to the best-fit point of the GLO-LOW
analysis, at m4 = 0.94 eV, which is favored by cosmological data,
the value of m(4)

ββ is about 0.02–0.03 eV. In order to have a large

value of m(4)
ββ , around 0.1 eV, the oscillation parameters must lie in

the large-m4 region at m4 � 2.40 eV, or on the large-|Ue4|2 border
of the allowed region at m4 � 1.27 eV.

5. Conclusions

In this Letter we presented an upgrade of the 3 + 1 global fit
of short-baseline neutrino oscillation data presented in Ref. [11]
obtained with the addition of KARMEN [12,13] and LSND [14]
νe +12 C →12 Ng.s. + e− scattering data, as suggested in Ref. [15].
We have shown that the new data favor low values of �m2

41, which
are appealing in view of the cosmological constraints on neutrino
masses [33–40].
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Fig. 8. Allowed regions in the |Ue4|2–m4 plane obtained from the GLO-LOW global
analysis of short-baseline neutrino oscillation data (see Table 1). The best-fit point
is indicated by a cross (see Table 1). The red lines have the indicated constant value

of m(4)
ββ = |Ue4|2

√
�m2

41. (For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this Letter.)

Fig. 9. Allowed regions in the |Ue4|2–m4 plane obtained from the GLO-HIG global
analysis of short-baseline neutrino oscillation data (see Table 1). The best-fit point
is indicated by a cross (see Table 1). The red lines have the indicated constant value

of m(4)
ββ = |Ue4|2

√
�m2

41. (For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this Letter.)

We discussed the implications for the measurements of the ef-
fective neutrino mass in β-decay and neutrinoless double-β-decay
experiments.

The predicted contribution of m4 to the effective neutrino mass
mβ in β-decay is in the range between about 0.1 and 0.7 eV, most
of which will be explored after 2012 by the KATRIN experiment
[92], which will have a sensitivity of about 0.2 eV. If KATRIN or
future experiments will have a precision of about one percent near
the end-point of the spectrum, for T > Q − m4, the effects of m4
and |Ue4|2 may be measured separately.

The predicted contribution of m4 to the effective Majorana mass
mββ in neutrinoless double-β decay is in the range between about
0.01 and 0.1 eV. The expected value of mββ is smaller than the
expected value of mβ because it is suppressed by an additional
power of |Ue4|, which is small. Nevertheless, it is important that
mββ has a lower limit (if no unlikely cancellations among the
four mass contributions occur [99]) which is an important moti-
vation for the development of neutrinoless double-β decay exper-
iments [102].
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