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1 Introduction

For the last few decades physicists have been trying to solve the mysteries of neutrino. The
first neutrinos were detected in the middle of XX century and there are still a lot of questions
that are not answered yet. Scientists suggest that understanding of neutrinos nature will help to
explore the Universe secrets.

Neutrino is an elementary particle that interacts with other particles only through weak
interactions, which makes it hard to be detected. It is the only truly neutral particle in the
Standard Model of elementary particles. The fact that neutrino is a neutral particle opens a
door for the intriguing question whether neutrinos and antineutrinos are the same particles or
different — Majorana or Dirac particles?

According to the Standard Model of elementary particles there are three types of neutrino:
electron, muon and tau neutrino. Those types are usually referred as flavors. Flavor neutrinos
have no definite mass.

The phenomenon that neutrino being produced as a neutrino with definite flavor and after
propagation may be detected as a neutrino with a different flavor is known as neutrino oscil-
lations. For example, electron neutrino oscillations into muon and tau neutrino posed a long
standing riddle why flux of neutrino from Sun was two times less then expected. Such a process
may occur only if flavor neutrinos are composed out of neutrinos with definite mass. It is called
neutrino mixing. The flavor and massive neutrinos are related to each other through a rotation

in 3-dimensional space:
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where | 1 is a flavor neutrino state, j i is a massive neutrino state and V j is a complex unitary
matrix known as a Pontecorvo-Maki-Nakagawa-Sakata (PMNS) matrix. The PMNS matrix is
usually parameterized by three angles — 12; 13; 23 and one phase — cp [1].
The frequency of oscillations are defined by the mass splittings mZ; = m? m? of massive

neutrinos. The general formula for oscillation probability reads:
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The existence of neutrino oscillations is the first indication that Standard Model is not com-
plete and should be extended to explain the nature of neutrino masses and why they are so tiny
in comparison with other particles.

Some of the open questions in the neutrino physics that physicists are striving to find an

answer to:

* Neutrino mass hierarchy problem or which neutrino is heavier: ; (inverted hierarchy) or

3 (normal hierarchy)?
* The absolute scale of neutrino masses is still unknown.
* Neutrino nature — Dirac or Majorana?
* What is the value of the phase ¢cp?

To answer these questions huge and complicated detectors are required. And the amount of
data to be analyzed is also enormous.
In this work we consider two cutting-edge reactor antineutrino experiments — JUNO and

Daya Bay.

11 JUNO

JUNO, Jiangmen Underground Neutrino Observatory, is an upcoming neutrino experiment
located in the Southern China in Jiangmen province. It will observe the flux of reactor electron
antineutrinos. The 20-kilotons liquid scintillator detector will be instrumented with 17000 of
20” PMTs and 25000 3” PMTs that would provide an unprecedented 3% energy resolution. The
detector will be located underground on the depth of 700 meters. This is crucial for reducing the
backgrounds related to cosmic muons passing through a detector [2]]. Two nuclear power plants,
Taishan and Yangjiang, located at average distance of 52.5 kilometers from JUNO location
would serve as a powerful source of antineutrino producing 6 102! . per second.

Such a setup would allow JUNO to cover a wide range of physical topics and searches [3]:

* Determination of the neutrino mass hierarchy at the confidence level of 3 4 . It is the

main goal of the experiment;



* Precise measurement of the neutrino mixing parameters and mass splitting with a sub-

percent accuracy;

* Measurement of neutrino flux from radioactive decays inside Earth (geoneutrinos) with a

record statistics;
¢ Measurements of solar neutrino flux from B and other isotopes;
* Measurements of atmospheric neutrinos;
* Potential measurement of neutrinos from supernova with high statistics;
* Exotic searches such as:

— Sterile neutrinos;
— Proton decay;
— Non-standard interactions of neutrinos;

— Neutrinos from dark matter annihilation.

The detector construction is underway and JUNO is expected to start data taking in 2020.

1.2 Daya Bay

The Daya Bay Reactor Antineutrino Experiment is the reactor experiment located near the
Daya Bay Nuclear Power Plant in Dapeng City in China. The experimental setup consists of 8
identically designed detectors distributed over 3 sites and 6 reactor cores, 2.9 GW of thermal
power each as shown at Figure

Each detector contains 20 tons of gadolinium doped liquid scintillator in inner vessel of the
detector and 20 tons of non-doped scintillator. Having both near and far detectors in terms of
distance to the reactors allows to significantly decrease the correlated uncertainties of antineu-
trino flux from reactors and of the detection efficiency. High statistics and small backgrounds
contamination lead to the currently most precise measurement of mixing angle 13 and mass
splitting  m%,, Figure[2]

In addition to the oscillation parameters measurements Daya Bay also presents a number of

important results:



Figure 1. The scheme of Daya Bay detectors and reactors location.

Figure 2: Left: comparison all recent measurementsiof2 5. Right: comparison of all
recent measurements oin3, [4].
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