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We consider the ratio of the spectra measured in the DANSS neutrino experiment at 12.7 and 10.7 m 
from a nuclear reactor. These data give a new model-independent indication in favor of short-baseline 
ν̄e oscillations which reinforce the model-independent indication found in the late 2016 in the NEOS 
experiment. The combined analysis of the NEOS and DANSS spectral ratios in the framework of 3+1 
active–sterile neutrino mixing favor short-baseline ν̄e oscillations with a statistical significance of 3.7σ . 
The two mixing parameters sin2 2ϑee and �m2

41 are constrained at 2σ in a narrow-�m2
41 island 

at �m2
41 � 1.3 eV2, with sin2 2ϑee = 0.049 ± 0.023 (2σ ). We discuss the implications of the model-

independent NEOS+DANSS analysis for the reactor and Gallium anomalies. The NEOS+DANSS model-
independent determination of short-baseline ν̄e oscillations allows us to analyze the reactor rates without 
assumptions on the values of the main reactor antineutrino fluxes and the data of the Gallium source 
experiments with free detector efficiencies. The corrections to the reactor neutrino fluxes and the Gallium 
detector efficiencies are obtained from the fit of the data. In particular, we confirm the indication in favor 
of the need for a recalculation of the 235U reactor antineutrino flux found in previous studies assuming 
the absence of neutrino oscillations.

© 2018 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
1. Introduction

Neutrino oscillations revealed the existence of neutrino masses 
and are one of the most powerful tools in the search of new 
physics beyond the Standard Model. An interesting indication of 
new physics is given by the reactor [1] and Gallium [2–8] short-
baseline neutrino oscillation anomalies, which can be explained by 
the existence of a non-standard sterile neutrino at the eV mass 
scale (see the recent fits in Refs. [9,10]).

The reactor antineutrino anomaly [1] was discovered in 2011 
as a consequence of a new calculation of the reactor ν̄e fluxes 
[11,12] due to the fissions of 235U, 238U, 239Pu, and 241Pu. The pre-
dicted total rates of ν̄e detection were found to be a few percent 
larger than those obtained in previous calculations [13–15]. The 
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comparison of the new predicted rates with the rates measured in 
several experiments at distances between a few meters and about 
500 meters from a reactor indicate a deficit of about 5% which 
can be explained by the disappearance of ν̄e during their prop-
agation from the reactor to the detector, that is most likely due 
to active–sterile neutrino oscillations (see the review in Ref. [16]). 
However, the correctness of the ν̄e flux calculation has been put 
into question (see Refs. [17,18]) by the discovery of the so-called 
“5 MeV bump” of the reactor antineutrino spectrum measured in 
the RENO [19,20], Double Chooz [21], Daya Bay [22], and NEOS 
[23] experiments. Moreover, the Daya Bay measurement [24] of the 
correlation between the reactor fuel evolution and the antineutrino 
detection rate indicates that at least the calculation of the 235U
reactor antineutrino flux must be revised [24–27] (see also the re-
cent review in Ref. [28]).

The Gallium neutrino anomaly [2–8] is a deficit of νe events 
measured in the Gallium radioactive source experiments GALLEX 
[29–31] and SAGE [2,32–34]. As explained in Ref. [8], in the 
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calculation of the Gallium anomaly the uncertainties of the 
neutrino-nucleus cross section are taken into account using the 
71Ga(3He, 3H)71Ge measurement in Ref. [35]. However, the effi-
ciencies of the GALLEX and SAGE detectors are not known and 
could have been overestimated.

In this paper we consider the new results of the DANSS reac-
tor neutrino experiment presented in Ref. [36].1 We will show that 
the ratio of the spectra measured in the DANSS experiment at 12.7 
and 10.7 m from a nuclear reactor provide a model-independent 
indication of short-baseline 

(−)

νe oscillations which reinforces the 
model-independent indication found in the late 2016 in the NEOS 
experiment [23].

We will show that the combined analysis of the NEOS and 
DANSS spectral ratios allow us to determine the neutrino mixing 
parameters in a model-independent way. In particular, the deter-
mination of neutrino oscillations is independent from the reactor 
anomaly, which depends on the comparison of the measured and 
calculated reactor rates [11,12], and from the Gallium anomaly, 
which depends on the estimated efficiencies of the GALLEX and 
SAGE detectors. This is a remarkable result that raises to a new 
level the significance of the indications in favor of short-baseline 
νe and ν̄e disappearance.

Moreover, the NEOS+DANSS model-independent determination 
of the neutrino oscillation parameters allow us to derive the values 
of the 235U, 238U, and 239Pu reactor antineutrino fluxes which are 
needed to fit the reactor rates and the Daya Bay evolution data 
[24] and the efficiencies of the GALLEX and SAGE detectors that 
are needed to explain the Gallium anomaly.

We work in the 3+1 framework explained in Ref. [16], which 
is a perturbation of the standard three-neutrino mixing framework 
which explains the oscillations observed in solar, atmospheric and 
long-baseline neutrino experiments (see Refs. [37–39]). We use the 
notation of Ref. [9], of which we only remind that short-baseline 
oscillations depend on the squared-mass difference �m2

41 and the 
amplitude of νe and ν̄e disappearance can be parameterized by the 
effective mixing angle ϑee given by

sin2 2ϑee = 4|Ue4|2
(

1 − |Ue4|2
)

, (1)

U is the 4 × 4 unitary mixing matrix [40]. Sometimes ϑee is called 
ϑ14 (see, for example, Ref. [10]).

In this paper we consider only short-baseline νe and ν̄e disap-
pearance experiments. In particular we do not consider the LSND 
anomaly [41,42], which is a signal of short-baseline ν̄μ → ν̄e ap-
pearance which can be explained in the framework of 3+1 ac-
tive sterile neutrino mixing (see Ref. [16]). However, the strong 
limits on 

(−)

νμ disappearance obtained recently in the MINOS and 
MINOS+ experiments [43] increase to an unacceptable level the 
appearance–disappearance tension discussed in many papers [9,10,
16,40,44–53]. Indeed, adding the MINOS and MINOS+ data to the 
data considered in our PrGlo17 fit [9], we obtain an appearance–
disappearance parameter goodness-of-fit of about 0.4%.2 This result 
disfavors the LSND anomaly, but a definitive conclusion on the 
LSND ν̄μ → ν̄e signal will be possible only after its direct test in 
the SBN [55] and JSNS2 [56] experiments.

1 The same results have been published in arXiv:1804 .04046 after completion of 
this work.

2 In this analysis we used the public MINOS and MINOS+ code [43] which relies 
on the neutrino flux prediction of the MINERvA collaboration [54]. With a “shape 
analysis” of the MINOS and MINOS+ data allowing different free normalizations for 
the predictions of the charged-current and neutral-current events, we obtained an 
appearance–disappearance parameter goodness-of-fit of about 0.5%, which is still 
too small. The details of these analyses will be presented elsewhere.
Fig. 1. The Down/Up DANSS spectral data presented in Ref. [36]. The red dashed 
line shows the best-fit of the data without oscillations and a free normalization. 
The blues solid line shows the best-fit that we obtained with neutrino oscillations 
and a free normalization.

The plan of the paper is as follows. In Section 2 we present our 
analysis of DANSS data and the results of the NEOS+DANSS com-
bined fit. In Section 3 we compare the results of the NEOS+DANSS 
fit with the reactor and Gallium anomalies. In Section 4 we present 
the results of a model-independent fit of short-baseline νe and ν̄e
disappearance data. Finally, we draw our conclusions in Section 5.

2. DANSS and NEOS

DANSS is a neutrino experiment with a solid scintillator detec-
tor located under a commercial power reactor which emits a huge 
ν̄e flux leading to a high-statistics measurement. The DANSS de-
tector is installed on a movable platform which allows to change 
the distance between the centers of the reactor and detector from 
10.7 to 12.7 m. We analyzed the Down/Up DANSS data presented 
in Ref. [36] on the ratio of the energy spectra measured at the two 
distances.

As reported in Ref. [36], the DANSS collaboration found that the 
best fit of the Down/Up spectral ratio is obtained for short-baseline 
neutrino oscillations with a χ2 that is smaller by 13.3 with respect 
to the case of no oscillations. They found the best fit at sin2 2ϑee =
0.045 and �m2

41 = 1.4 eV2.
The DANSS data are shown in Fig. 1. In our analysis, for each 

energy bin we averaged the oscillation probability over the geo-
metrical volumes of the reactor and the detector. We allowed a 
free normalization of the data and we took into account the 25% 
energy resolution reported in Ref. [36] and a correlated 2% sys-
tematic uncertainty (following Ref. [10]). We obtained a χ2 that 
is smaller by 11.4 with respect to the case of no oscillations and 
the best fit at sin2 2ϑee = 0.065 and �m2

41 = 1.3 eV2. These results 
are in an acceptable approximate agreement with those obtained 
by the DANSS collaboration in Ref. [36] and slightly more conser-
vative.

Fig. 2(a) shows the allowed regions in the sin2 2ϑee–�m2
41

plane obtained from our analysis of the data of the DANSS exper-
iment. It is interesting to compare them with the allowed regions 
obtained from the analysis of the NEOS experiment [23] shown 
in Fig. 2(b). One can see that there is a remarkable agreement 
between the DANSS and NEOS best-fit regions which lie in a nar-
row interval around �m2

41 � 1.3 eV2 with compatible values of 
sin2 2ϑee .
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Fig. 2. Allowed regions in the sin2 2ϑee –�m2
41 plane obtained from the fits of (a) DANSS [36] and (b) NEOS [23] data. The best-fit points corresponding to the χ2

min in Table 1
are indicated by crosses.

Fig. 3. Allowed regions in the sin2 2ϑee –�m2
41 plane obtained from the combined fit of the data of the DANSS [36] and NEOS [23] experiments (shaded regions). (a) Compar-

ison of the allowed regions with the 2σ allowed regions of DANSS and NEOS. (b) Comparison of the allowed regions with the regions allowed at 2 and 3σ by the reactor 
anomaly and by the Gallium anomaly.
Let us emphasize that these indications in favor of short-
baseline neutrino oscillations are model-independent, because they 
depend only on measured spectral ratios: the Down/Up spectral 
ratio for DANSS [36] and the NEOS/Daya Bay spectral ratio for 
NEOS [23] (the NEOS spectrum measured at a distance of 24 m 
was normalized to the Daya Bay spectrum [22] measured at the 
large distance of about 550 m, where short-baseline oscillations 
are averaged out). In particular, these indications do not depend 
on the calculation of the reactor ν̄e fluxes on which the reactor 
antineutrino anomaly is based [1].

The statistical significance of the NEOS+DANSS indication in fa-
vor of short-baseline ν̄e oscillations is of 3.7σ . This value is similar 
to the statistical significance of the reactor and Gallium anomalies 
that we found in Ref. [9]. However, it is much more reliable, be-
cause it is model-independent.

Fig. 3(a) shows the results of the combined fit of the DANSS and 
NEOS data, together with the 2σ allowed regions of DANSS 
and NEOS. One can see that there is a good overlap of the DANSS 
and NEOS allowed regions at �m2

41 � 1.3 eV2, which determines 
the region preferred by the combined fit, with the best-fit os-
cillation parameters in Table 1. There are also small overlaps of 
the DANSS and NEOS allowed regions at �m2

41 � 0.4 eV2 and 
�m2

41 � 2.5 eV2 that determine two narrow islands allowed at 3σ

by the combined fit.
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Table 1
Results of the fits of νe and ν̄e disappearance data: minimum χ2 (χ2

min), number of 
degrees of freedom (NDF), goodness of fit (GoF): best fit values of �m2

41, sin2 2ϑee , 
r235, r238, r239, ηG, ηS , and those of the derived quantities |Ue4|2, σ f ,235, σ f ,238, 
σ f ,239; χ2 difference �χ2

NO between the χ2 of no oscillations and χ2
min, and the 

resulting number of σ ’s (nσNO) for two degrees of freedom corresponding to two 
fitted oscillation parameters (sin2 2ϑee and �m2

41). The cross sections per fission 
σ f ,i are expressed in units of 10−43 cm2/fission.

NEOS+DANSS MIνeDis
235+239

MIνeDis
235+238+239

χ2
min 81.0 138.5 136.5

NDF 81 144 143
GoF 48% 61% 64%

�m2
41 1.29 ± 0.03 1.29 ± 0.03 1.29 ± 0.03

sin2 2ϑee 0.049 ± 0.011 0.047+0.009
−0.011 0.043+0.014

−0.009

r235 – 0.957 ± 0.011 0.970+0.015
−0.013

r238 – – 0.76+0.15
−0.16

r239 – 1.005+0.034
−0.032 1.056+0.062

−0.042

ηG – 0.869+0.080
−0.062 0.863+0.087

−0.061

ηS – 0.836+0.075
−0.057 0.854+0.060

−0.075

|Ue4|2 0.012 ± 0.003 0.012+0.002
−0.003 0.011+0.003

−0.002

σ f ,235 – 6.40 ± 0.07 6.49+0.10
−0.09

σ f ,238 – – 7.6+1.5
−1.6

σ f ,239 – 4.42+0.15
−0.14 4.65+0.27

−0.18

�χ2
NO 16.7 14.9 14.6

nσNO 3.7 3.4 3.4

3. The reactor and Gallium anomalies

As emphasized in the Section 2, the DANSS and NEOS spec-
tral ratios give indications of short-baseline ν̄e oscillations which 
are independent of the reactor flux calculation. This indication is 
much more robust than those of the reactor and Gallium anoma-
lies, which suffer from the dependence on the calculated reac-
tor fluxes and the assumed Gallium detector efficiencies. Fig. 3(b) 
shows the comparison of the NEOS+DANSS allowed regions in the 
sin2 2ϑee–�m2

41 plane with the 2 and 3σ allowed regions of the 
reactor and Gallium anomalies from Ref. [9].

From Fig. 3(b) one can see that the NEOS+DANSS model-
independent allowed regions are compatible with the 3σ allowed 
regions of the reactor anomaly, but have some tension with the 2σ
allowed regions. The tension can be quantified by the parameter 
goodness of fit [57], whose value is 2% (�χ2/NDF = 8.0/2). Hence 
our model-independent analysis indicate that the reactor anomaly 
overestimates the ν̄e disappearance. This is probably due to an 
overestimate of the reactor antineutrino fluxes. In Section 4 we 
will obtain from the combined model-independent fit the needed 
corrections to the values of the reactor antineutrino fluxes.

Fig. 3(b) also shows that there is a compatibility of the 3σ
regions allowed by the NEOS+DANSS model-independent results 
with those allowed by the Gallium anomaly, while there is a ten-
sion of the 2σ allowed regions, corresponding to a parameter 
goodness of fit of 4% (�χ2/NDF = 6.6/2). This tension suggests 
that the efficiencies of the GALLEX and SAGE detectors may have 
been overestimated. In the combined model-independent fit pre-
sented in Section 4 we will obtain an estimate of the needed 
corrections to those efficiencies.

4. Model-independent νe and ν̄e disappearance

As discussed in the Section 2, the combined fit of the DANSS 
and NEOS spectral ratios give a model-independent indication in 
favor of short-baseline ν̄e oscillations. In particular, it is inde-
pendent of the reactor and Gallium anomalies, which depend, 
respectively, on the reactor antineutrino flux calculation and on 
the assumed efficiencies of the Gallium detectors. In this section 
we present the results of a model-independent analysis of short-
baseline νe and ν̄e disappearance data (MIνeDis). We considered 
the DANSS and NEOS spectral ratios, the reactor rates keeping 
the main reactor antineutrino fluxes as free and the Gallium data 
with free efficiencies of the GALLEX and SAGE detectors. For com-
pleteness, we considered also the following data which constrain 
neutrino oscillations in a model-independent way and which were 
included in our previous analyses [8,9,16,53,58] of νe and ν̄e dis-
appearance:

• The ratio of the spectra measured at 40 m and 15 m from the 
source in the Bugey-3 experiment [59].

• The ratio of the KARMEN [60] and LSND [61] νe + 12C →
12Ng.s. + e− scattering data at 18 m and 30 m from the source 
[48,62]

Let us however clarify that the contribution of these data is very 
small and the results are almost independent of their inclusion in 
the fit.

Concerning the fit of the reactor rates, we considered the Daya 
Bay fuel evolution data [24] and the rates of the following ex-
periments (see Table 1 of Ref. [9]): Bugey-4 [63], Rovno91 [64], 
Bugey-3 [59], Gosgen [65], ILL [66,67], Krasnoyarsk87 [68], Krasno-
yarsk94 [69,70], Rovno88 [71], SRP [72], Nucifer [73], Chooz [74], 
Palo Verde [75], RENO [76], and Double Chooz [77]. We improved 
the analysis of the reactor rates presented in Ref. [26] by taking 
into account the uncertainties of the reactor fission fractions. For 
each experimental data point labeled with the index a, we consid-
ered the theoretical cross section per fission (that quantifies the ν̄e

detection rate)

σ th
f ,a =

∑
i

f a
i F

a
i riσ

SH
f ,i , (2)

where i = 235, 238, 239, 241 and σ SH
f ,i are the corresponding the-

oretical Saclay+Huber cross sections per fission [1,11,12]. The av-
erage values F

a
i of the effective fission fractions are multiplied by 

the coefficients f a
i in order to take into account their uncertain-

ties.3 The coefficients ri allow us to consider a variation of the ν̄e

fluxes with respect to the calculated ones. We considered the fol-
lowing two cases:

235+239: Free r235 and r239 to be determined by the fit.
235+238+239: Free r235, r238, and r239 to be determined by the 

fit.

The case 235+239 is motivated by the fact that the Daya Bay 
evolution data and the fuel composition of the other reactor ex-
periments constrain mainly the two major 235U and 239Pu fluxes 
[24–27]. The case 235+238+239 is motivated by the discovery in 
Ref. [27] that also the 238U flux can be loosely constrained. On the 
other hand, the 241Pu flux is not constrained at all, as we have 
verified through a tentative analysis with all ri free.

We analyzed the reactor rates with the least-squares statistic

χ2 =
∑
a,b

(
P a

ee

∑
i

f a
i F

a
i riσ

SH
f ,i − σ

exp
f ,a

)
(V −1

exp)ab

3 Let us however note that the results are almost the same when the uncertain-
ties of the effective fission fractions is not taken into account, as one can seen from 
the arXiv:1801.06467v2 version of this paper.
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Fig. 4. Allowed regions in the sin2 2ϑee –�m2
41 plane obtained from the fits of model-independent short-baseline νe and ν̄e disappearance data (MIνe Dis). (a) Comparison 

with the regions allowed at 2 and 3σ by the NEOS and DANSS data (same as in Fig. 3). (b) Comparison with the sensitivities of future experiments.
×
⎛
⎝P b

ee

∑
j

f b
j F

b
j r jσ

SH
f , j − σ

exp
f ,b

⎞
⎠

+
∑

i, j∈�

(ri − 1) (V −1
SH )i j

(
r j − 1

)

+
∑
a,b

∑
i, j

(
f a

i − 1

δa
i

)
(C−1

exp)ab(C−1
f )i j

(
f b

j − 1

δb
j

)

+
∑

a

λa

[
1 −

∑
i

f a
i F

a
i

]
, (3)

where P a
ee are the ν̄e survival probabilities, σ exp

f ,a are the measured 
cross sections per fission, V exp is the experimental covariance ma-
trix, V SH is the covariance matrix of the fractional uncertainties of 
the Saclay–Huber theoretical calculation of the antineutrino fluxes 
from the four fissionable nuclides, δa

i is the uncertainty of the fis-
sion fraction i in the experiment a, Cexp is the correlation matrix 
of the fission fractions in the different experiments and C f is the 
correlation matrix of the four fission fractions. In the second sum 
� = {238, 241} in the 235+239 analysis and � = {241} in the 
235+238+239 analysis. The coefficients λa are Lagrange multipli-
ers that enforce the constraint∑

i

f a
i F

a
i =

∑
i

F
a
i = 1. (4)

For experiments at commercial reactors we assumed the value of 
the fission fraction uncertainty estimated by the Daya Bay col-
laboration [22], δa

i = 5%, neglecting possible differences on which 
there is no information. On the other hand, the fission fractions 
of experiments with research reactors have smaller uncertain-
ties. We found information on the fission fraction uncertainty 
only for the Nucifer experiment [73], where it was estimated 
to be 2%. In this experiment the enrichment in 235U was only 
19.75%. In the other experiments with research reactors the un-
certainty of the fission fractions should be smaller, because the 
fuel is highly enriched in 235U. Therefore, for them we assumed 
δa = 1%. The correlation matrix Cexp correlates the uncertainty 
i
Fig. 5. Allowed regions in the r235–r239 plane and marginal �χ2’s obtained from 
the fit of model-independent short-baseline νe and ν̄e disappearance data with free 
r235 and r239. The best-fit points corresponding to the χ2

min in Table 1 are indicated 
by crosses.

of the fission fraction of experiments at the same reactor, for 
which we assumed 100% correlation. For C f we used the corre-
lation matrix estimated by the Daya Bay collaboration in Table 2 
of Ref. [22].

The results of the 235+239 and 235+238+239 fits are given 
in Table 1. The results for the oscillation parameters sin2 2ϑee and 
�m2

41 are practically equal in the two analyses. The allowed re-
gions in the sin2 2ϑee–�m2

41 plane are shown in Fig. 4. In Fig. 4(a) 
they are confronted with the regions allowed at 2 and 3 σ by the 
combined analysis of the NEOS and DANSS data (shown already 
in Fig. 3). One can see that the global model-independent allowed 
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Fig. 6. Allowed regions in the r235–r239, r238–r239, and r235–r238 planes and marginal �χ2’s obtained from the fits of all short-baseline νe and ν̄e disappearance data with 
free r235, r238 and r239. The best-fit points corresponding to the χ2

min in Table 1 are indicated by crosses.
regions are mostly determined by the NEOS and DANSS spectral 
data, with small effects of the other constraints. Indeed, as one can 
see from the values in Table 1, the statistical significance of short-
baseline neutrino oscillations obtained in the MIνe Dis analyses is 
almost the same as that obtained in the NEOS+DANSS analysis, 
with a slight decrease due to the inclusion of 67 data points that 
are less constraining than the NEOS and DANSS data.

Fig. 4(b) shows the comparison of the allowed regions in the 
sin2 2ϑee–�m2

41 plane with the sensitivities of the reactor exper-
iments PROSPECT [78], SoLid [79], STEREO [80], which are under 
way, of the future experiments CeSOX [81] and KATRIN [82] and 
of the proposed experiments IsoDAR@KamLAND [83] and C-ADS 
[84]. One can see that the sensitivities of the reactor experiments 
cover most of the allowed region. Hence, they have a good chance 
to confirm the NEOS+DANSS indication if it is correct. The Ce-
SOX experiment is sensitive to the large-sin2 2ϑee parts of the 
allowed regions and the KATRIN experiment is sensitive to the 
large-sin2 2ϑee part of the 3σ allowed region at �m2

41 � 0.4 eV2. 
Also the proposed C-ADS experiment can cover the large-sin2 2ϑee

parts of the allowed regions. A definitive confirmation or exclu-
sion of the NEOS+DANSS indication may come from the proposed 
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IsoDAR@KamLAND experiment, which covers almost all the 3σ al-
lowed regions.

As explained in Section 3 the model-independent analysis of 
the NEOS and DANSS data indicate that the reactor anomaly over-
estimates the ν̄e disappearance. In the 235+239 analysis the reac-
tor anomaly is reduced through the reduction of the 235U antineu-
trino flux shown by the best-fit values of r235 in Table 1. In the 
235+238+239 analysis also r238 is smaller than one, but its effect 
is marginal because the contribution of 238U to the total antineu-
trino flux is only about 8% for commercial power reactors and zero 
for research reactors.

Fig. 5 shows the allowed regions in the r235–r239 plane and 
the marginal �χ2’s obtained in the 235+239 analysis with free 
r235 and r239. The correlated allowed region in the r235–r239 plane 
has an ellipsoidal shape, except for a bulge at 3σ for large val-
ues of r235 and r239. The bulge is due to the 3σ allowed region 
at �m2

41 � 2.5 eV2 in Fig. 4, where sin2 2ϑee is relatively large and 
large values of r235 and r239 are required to compensate the corre-
sponding small ν̄e survival probability. From Fig. 5 and the best-fit 
values of r235–r239 in Table 1, we conclude that the indication in 
favor of the need for a recalculation of σ f ,235 already found in 
Refs. [24–27] is confirmed. The value of σ f ,235 in Table 1 is com-
patible, within the uncertainties, with that found in Refs. [24–27]
assuming the absence of neutrino oscillations. This is a remark-
able result and we want to emphasize that it depends on the 
stronger constraints on the allowed oscillation parameters due to 
the DANSS and NEOS spectral ratios. Indeed, the value of σ f ,235
that was found in Ref. [26] with a fit of the reactor rates using a 
free r235 and allowing neutrino oscillations is r235 = 0.99 ± 0.02, 
which is compatible with our r235 at less than 1σ . Our analysis 
also confirm the results on the value of σ f ,239 of Refs. [24–27], 
which assumed the absence of neutrino oscillations, indicating that 
it is compatible with the theoretical prediction.

Let us now consider the 235+238+239 analysis in which also 
r238 is free. Fig. 6 shows the allowed regions in the r235–r239, 
r238–r239, and r235–r238 planes and the marginal �χ2’s. From the 
figure and from Table 1, one can see that the best-fit value of 
r238 is rather small, but the uncertainty of r238 is large. The small 
best-fit value of r238 pushes the best-fit values of r235 and r239 to 
values that are larger than those obtained in the 235+239 analy-
sis. However, we have a compatibility within the 1σ uncertainty 
of the values of σ f ,235 and σ f ,239 obtained in the 235+239 and 
235+238+239 analyses. In particular, as one can see from the 
marginal �χ2 in Fig. 6(d), in the 235+238+239 analysis the theo-
retical value of σ f ,235 is disfavored at about 2σ . This result is less 
strong than the one found in the 235+239 case, where the theo-
retical value is disfavored at more than 3σ (see the marginal �χ2

in Fig. 5), but it is still a significant finding.
For the 238U antineutrino flux we find a relatively strong sup-

pression (r238 = 0.76+0.15
−0.16) but the uncertainty is large and the 

theoretical flux calculated in Ref. [11] is allowed at less than 2σ . 
A similar suppression of the 238U antineutrino flux with a large un-
certainty was found in Ref. [27] assuming the absence of neutrino 
oscillations. Let us remind that the 238U antineutrino flux is the 
only one that was calculated in Ref. [11] “ab initio” using the nu-
clear databases. The corresponding β spectrum was measured af-
terwards in Ref. [85]. The resulting converted νe spectrum is larger 
than the calculated spectrum for Eν � 3.5 MeV and smaller for 
4 MeV � Eν � 6.5 MeV, albeit with large uncertainties (see Fig. 2 
of Ref. [85]).

In our analysis we multiply the predicted rate of the GALLEX 
and SAGE experiment by the free coefficients ηG and ηS, respec-
tively, which are the corrections to the detector efficiencies needed 
to fit the Gallium data in the MIνe Dis fit. The best-fit values and 
uncertainties of ηG and ηS are given in Table 1. Fig. 7 shows the 
Fig. 7. Allowed regions in the ηG–ηS plane and marginal �χ2’s obtained from the 
fit of model-independent short-baseline νe and ν̄e disappearance data. ηG and ηS

are, respectively, the corrections to the efficiencies of the GALLEX and SAGE Gallium 
detectors. The best-fit points corresponding to the χ2

min in Table 1 are indicated by 
crosses.

allowed regions in the ηG–ηS plane and the marginal �χ2’s. One 
can see that ηG and ηS are practically uncorrelated and the fit in-
dicates that they are smaller than one, but the uncertainties are 
large. Hence, we cannot make a definite conclusion about the ef-
ficiencies of the GALLEX and SAGE detectors, but we think that it 
would be appropriate to take into account their uncertainties in 
the analysis of the GALLEX and SAGE solar neutrino data.

5. Conclusions

In this paper we have considered the new model-independent 
indications in favor of short-baseline ν̄e oscillations found in the 
DANSS experiment [36] and we have shown that they reinforce the 
model-independent indication in favor of short-baseline ν̄e oscilla-
tions found in the late 2016 in the NEOS experiment [23]. In the 
framework of 3+1 active–sterile neutrino mixing, the combined 
analysis of the DANSS and NEOS spectral ratios constrain at 2σ
the two mixing parameters sin2 2ϑee and �m2

41 to a narrow-�m2
41

island at �m2
41 � 1.3 eV2, with sin2 2ϑee = 0.049 ± 0.023 (2σ ). If 

we consider the 3σ allowed regions, there are also two islands at 
�m2

41 � 0.4 eV2 and �m2
41 � 2.5 eV2. The statistical significance of 

the model-independent NEOS+DANSS indication in favor of short-
baseline ν̄e oscillations is of 3.7σ .

We have shown that the DANSS and NEOS indication of short-
baseline ν̄e oscillations is in tension with the reactor anomaly and 
with the Gallium anomaly. However, since the oscillation param-
eters are determined in a model-independent way by the NEOS 
and DANSS data, it is possible to analyze the data on the reac-
tor and Gallium anomaly in a model-independent way, considering 
as free the main reactor antineutrino fluxes and the efficiencies of 
the GALLEX and SAGE detectors. We presented the results of two 
analyses of this type: one with free 235U and 239Pu fluxes and one 
in which also the 238U is free. In these global model-independent 
analyses of short-baseline νe and ν̄e disappearance data we took 
into account also other data which constrain neutrino oscillations 
in a model-independent way: the Bugey-3 spectral ratio [59] and 
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the ratio of the KARMEN [60] and LSND [61] νe +12C → 12Ng.s. +e−
scattering data. We found that the strong constraints on short-
baseline neutrino oscillations obtained from the DANSS and NEOS 
spectral ratios persist in the global model-independent analyses 
and allow us to obtain simultaneous information on neutrino os-
cillations, on the reactor antineutrino fluxes and on the efficiencies 
of the Gallium detectors. In particular, we confirm the indication in 
favor of the need for a recalculation of the 235U cross sections per 
fission found in Refs. [24–27] assuming the absence of neutrino 
oscillations.
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