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Abstract

We report the neutrino mass hierarchy (MH) determination of medium baseline reactor neutrino experi-
ments with multiple detectors, where the sensitivity of measuring the MH can be significantly improved by
adding a near detector. Then the impact of the baseline and target mass of the near detector on the combined
MH sensitivity has been studied thoroughly. The optimal selections of the baseline and target mass of the
near detector are ~12.5 km and ~4 kton respectively for a far detector with the target mass of 20 kton and
the baseline of 52.5 km. As typical examples of future medium baseline reactor neutrino experiments, the
optimal location and target mass of the near detector are selected for the specific configurations of JUNO
and RENO-50. Finally, we discuss distinct effects of the reactor antineutrino energy spectrum uncertainty
for setups of a single detector and double detectors, which indicate that the spectrum uncertainty can be
well constrained in the presence of the near detector.
© 2017 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

It is reported that the medium baseline reactor neutrino experiment can determine the type of
the neutrino mass hierarchy (MH) by precisely measuring the fine structure of the antineutrino
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energy spectrum from reactors [ 1-5]. Reactor and accelerator neutrino experiments measured an
unexpectedly large value of neutrino mixing angle 613 in 2012 [6—10], which implies that the MH
determination is feasible in the next one or two decades with neutrino oscillation experiments of
the new generation. Consequently, experiments using accelerator neutrinos with a long baseline
of ~1000 km [11], atmosphere neutrinos sensitive to the energy range of 1-20 GeV [12,13]
and reactor neutrinos at a medium baseline of ~50 km are proposed to determine the neutrino
MH [14-17]. Among the above possibilities, medium baseline reactor neutrino experiments,
such as JUNO (Jiangmen Underground Neutrino Observatory) [18-20] and RENO-50 [21-24],
have the potential to determine the neutrino MH by using the large liquid scintillator detector
(~20 kton) with energy resolution of unprecedented levels.

Key requirements for the MH determination in reactor neutrino experiments are powerful nu-
clear power plants (NPPs), massive detector and good energy resolution. Sensitivity study about
JUNO shows that a 20 kton detector with energy resolution of 3%/+/ E,;s(MeV) is mandatory
to achieve significance of better than 3o after 6 years running [18]. Several interesting ideas are
proposed to improve the MH sensitivity of reactor neutrino experiments, including combining
the mass splitting measurement from accelerator neutrino experiments [18], synergy of differ-
ent MH probes in reactor and atmospheric neutrino oscillation experiments [25] and using two
identical half-size detectors at near and far sites [26,27].

In this work we shall discuss the MH sensitivity improvement by using the near detector (ND)
and far detector (FD) in medium baseline reactor neutrino experiments. For the fixed total mass
of the ND and FD, the distribution of target mass between the ND and FD and the baseline of
the ND can be optimized. The optimization is also applied to the realistic reactor neutrino exper-
iments: JUNO and RENO-50. Then we discuss distinct effects of the reactor antineutrino energy
spectrum uncertainty for the setups of a single detector and double detectors, which indicate that
the spectrum uncertainty can be well constrained in the presence of the near detector.

The remaining parts of this work are organized as follows. In Sec. 2 we introduce the analysis
method for the MH sensitivity in medium baseline reactor neutrino experiment. Sec. 3 is devoted
to the sensitivity improvement in the presence of the ND, and Sec. 4 is devoted to optimize the
baseline and target mass of the ND. Finally, we discuss the impact of the energy spectrum shape
uncertainty in Sec. 5 and then conclude in Sec. 6.

2. Analysis method

In the quantitative analysis of the neutrino MH sensitivity, the electron antineutrino survival
probability in vacuum is adopted as [18,17,28]:
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where A;; =1.267 - Aml.sz/E, with Aml.zj = ml2 — mi (in unit of eV?) being the neutrino mass-

squared difference, L (in unit of meter) being the baseline length and E (in unit of MeV) being
the antineutrino energy. In addition,
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