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1. Introduction

The possible existence of light sterile neutrinos is a hot topic of high energy physics , which
was motivated by anomalies found in short-baseline neutrino oscillation experiments: the Gallium
Anomaly, the Reactor Antineutrino Anomaly, and the LSND and MiniBooNE anomalies (see the
reviews in Refs. [1–6]). In this proceeding we discuss the status of reactor and gallium anomalies
and compare the neutrino oscillation explanation of the Gallium Anomaly with the constraints from
reactor neutrino experiments.

Reactor antineutrinos have been widely used to study the fundamental properties of neutrinos,
which are mainly from beta decays of neutron-rich fission fragments generated by the heavy
fissionable isotopes 235U, 238U, 239Pu, and 241Pu. In 2011, the improved calculations by Mueller et
al. [7] and Huber [8] (HM model) predicted reactor antineutrino fluxes which are about 5% larger
than the fluxes measured in several short-baseline reactor neutrino experiments. This discrepancy is
known as the “reactor antineutrino anomaly” (RAA). In addition to the HM model, other conversion
models: HKSS [9], KI (Kurchatov Institute measurement [10]) and HKSS-KI models, summation
model: EF model (Estienne, Fallot et al [11]) are often considered to predict the reactor antineutrino
spectra.

Currently, the Reactor Antineutrino Anomaly is regarded to be resolved or, at least, diminished
with the new refinements of reactor flux models [12], but the Gallium Anomaly is reinforced by
the new measurements of the BEST experiment [13, 14]. Therefore, it is desirable to pay special
attention to the Gallium Anomaly, and look for possible viable solutions.

In Section 2, the possible solution to the reactor anomaly is presented. In Section 3, we show
the results of the global fit of the a𝑒 and ā𝑒 disappearance data. And we close with a discussion and
a summary of our results in Section 4.

2. Reactor anomaly

We performed the least-squares 𝜒2 function to evaluate RAA for these five models. Fig. 1(a)
shows the average ratio 𝑅 obtained in our least-squares analysis for these models. The averaged ratio
of measured and expected rates for HM model is 𝑅HM = 0.936+0.024

−0.023, corresponding to a reactor
antineutrino anomaly with a statistical significance of 2.5𝜎. From Fig. 1(a), only HM and HKSS
conversion models give a reactor antineutrino anomaly [12]. We do not have a significant anomaly
if we assume the EF reactor antineutrino fluxes. Also the KI reduction of the 235U IBD yield
obtained with the conversion method leads to the practical disappearance of the reactor antineutrino
anomaly, especially without the HKSS corrections.

We also discuss the implications of the reactor neutrino flux models for the neutrino oscillation
analysis of the short-baseline reactor neutrino data. Fig.1(b) shows the contours of the 2𝜎 allowed
regions in the (sin2 2\𝑒𝑒,Δ𝑚2

41) plane obtained from the neutrino oscillation fit of the reactor data.
One can see that there is an indication in favor of neutrino oscillations only for the HM and HKSS
models that give a significant reactor rate anomaly above 2𝜎, as shown in Fig. 1(a). Considering the
EF, KI, and HKSS-KI models, for which the reactor rate anomaly is smaller than 2𝜎, we obtained
the 2𝜎 exclusion curves, that allow only small values of sin2 2\𝑒𝑒, including sin2 2\𝑒𝑒 = 0, that
corresponds to the absence of short-baseline oscillations.
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Figure 1: (a): Δ𝜒2 = 𝜒2 − 𝜒2
min as a function of the average ratio 𝑅 obtained in our least-squares analysis of

short-baseline reactor rates considering the IBD yields of the HM, EF, HKSS, KI, and HKSS-KI models.
(b): Contours of the allowed regions in the (sin22𝜗𝑒𝑒,Δ𝑚2

41) plane obtained from the neutrino oscillation fit
of the combined fit of the reactor rates and reactor evolution data.

3. Gallium anomaly

We also present the results of the global analysis of the a𝑒 and ā𝑒 disappearance data in the
framework of 3+1 active-sterile neutrino mixing. One can see the dramatic tension between the
Gallium data and other experiments constraints in Fig. 2(a), which is also quantified in Ref. [15]. It
is very likely that the Gallium Anomaly is not due to neutrino oscillations.

The measurement of 𝑇1/2(71Ge) might be a possible explanation for Gallium Anomaly, which
has a impact on the detection cross section [16]. The dependence on 𝑇1/2(71Ge) of the size of the
Gallium Anomaly is shown in Fig. 2(b) for the different cross section models. One can see that
𝑇1/2(71Ge) ≳ 13.5d is necessary in order to reduce the Gallium Anomaly below about 2𝜎 for all
the cross section models.

4. Summary

In conclusion, we think that the Reactor Antineutrino Anomaly discovered in 2011, is practically
resolved with a reduction of the 235U flux. As for the Gallium Anomaly discovered in 2007, which is
very likely not due to neutrino oscillations, and one of the possible explanations is the measurements
of the 71Ge half life.
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Figure 2: (a): Comparison of the contours surrounding the 3𝜎 allowed regions in the (sin2 2\𝑒𝑒,Δ𝑚2
41) plane

obtained from the combined analysis of the data of the reactor rate experiments with different flux models,
the spectral ratio experiments, the Tritium experiments, and the solar bound with those obtained from the
Gallium data with different cross sections. Also shown is the 3𝜎 bound obtained from the combination of
the Tritium and solar bounds.
(b): Size of the Gallium Anomaly as a function of 𝑇1/2(71Ge) for different cross section models. The vertical
bands show the measurements of 𝑇1/2(71Ge).
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