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The Jiangmen Underground Neutrino Observatory (JUNO) is a huge, radiopure, liquid scintillator
based neutrino detector currently under construction in China. Its program encompasses a com-
prehensive range of measurements, including neutrino fluxes from various natural sources such as
solar, atmospheric, geo-, and supernova neutrinos (core-collapse and diffuse background). This
contribution reviews the potential of JUNO to improve measurements of neutrinos from natural
sources and focuses on factors and conditions necessary for achieving the corresponding physical
targets.
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1. Introduction

Jiangmen Underground Neutrino Observatory (JUNO) is a 20 kton, radiopure, multi-purpose
liquid-scintillator detector located in an underground laboratory (1800 m.w.e.) in South China. The
detector is currently on construction stage and the data taking will start in 2025. JUNO will use 20
kton of liquid scintillator as the target medium, which will be surrounded by 43212 photomultiplier
tubes. JUNO will perform spectroscopy of the reactor anti-neutrinos emitted by reactors of two
nuclear power plants, both located at 52.5 km distance from the detector. This will be at the basis of
the investigation of the mass ordering (NMO) determination, which is the main JUNO goal [1-3].
The excellent energy resolution is a key design requirement for JUNO (3% for 1 MeV deposited
energy) [4]; it will be guaranteed by the high scintillator light yield (around 10* emitted photons
per MeV of deposited energy), the large PMT geometric coverage (about 78%) and the high PMTs
quantum efficiency.

Nevertheless, JUNO has been designed as a multipurpose detector, aiming to perform precision
measurements of neutrino fluxes emitted from several natural sources.

2. Sensitivity to neutrinos from natural sources

The main results for the JUNO sensitivity to the fluxes of neutrinos from natural sources will
be quickly reviewed, emphasizing the main outcomes along with the limiting factors.

2.1 Solar neutrinos

Open topics in solar physics, as the solar metallicity problem [5], can be investigated by JUNO.
In this respect, neutrinos emitted from the CNO reactions cycle cover a paramount importance:
their flux sensibly depends on the solar metallicity. The JUNO sensitivity to CNO neutrinos has
been determined in Ref. [6]: different scenarios of the liquid scintillator radiopurity have been
considered, ranging from the most optimistic one corresponding to the radiopurity levels obtained
by the Borexino experiment [7-9], up to the minimum requirements needed to perform the neutrino
mass ordering determination with reactor antineutrinos.

The relative uncertainty of the CNO events rate in JUNO as a function of exposure and time
with a constraint on the pep neutrino rate is shown in Fig 1. Very Low, Low, Medium, and High
background scenario trends are shown respectively in green, light blue, blue, and purple solid lines.
The Borexino results [7] with and without the systematic uncertainties are reported as black dotted
and solid horizontal lines respectively. For a data taking period longer than 6 years, the relative
uncertainty reduces to the level of ~ 10%, ~ 12%, and ~ 15% for Very Low, Low, and Medium
Background scenarios, respectively. This result would be precise enough to pave the way to a direct
measurement of the solar metallicity using solar neutrinos.

2.2 Atmospheric neutrinos

Atmospheric neutrinos can be exploited to infer properties about cosmic rays and neutrino
oscillations. JUNO will be the first detector to investigate the atmospheric neutrino oscillations
with a liquid scintillator target. In fact, the MSW matter effects of atmospheric neutrinos when they
cross the Earth will enable a JUNO sensitivity boost to the NMO.
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Figure 1: Relative uncertainty of the CNO rate as a function of exposure and time without and with a
constraint on the pep neutrino rate. Very Low, Low, Medium, and High background scenario trends are
shown respectively in green, light blue, blue, and purple solid lines. The Borexino results with and without
the systematic uncertainties are reported as black dotted and solid horizontal lines respectively; each of these
two errors is reported as an average of the left and right uncertainties [8]).

The synergy between reactor and atmospheric neutrino sectors will relevantly increase the
JUNO sensitivity to NMO: a statistical significance boost of 0.80 — 1.40 is expected in 6 years of
data taking thanks to the inclusion of atmospheric neutrinos from the sub-GeV to the multi-GeV
energy range [3] (Fig. 2).

To achieve this goal, a precise and accurate reconstruction for energy, direction, and flavor of
neutrino at GeV range is mandatory. A novel directionality reconstruction method is developed for
the atmospheric neutrino events in large homogeneous LS detectors based on waveform analysis
and machine learning methods, enabling a multi-purpose reconstruction of the event topology, the
direction, the energy and the neutrino flavor [10].
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Figure 2: The optimistic (blue) and pessimistic (red) JUNO NMO sensitivities as a function of livetime
considering atmospheric neutrinos only, and assuming Normal Ordering as true [3].
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2.3 Geo-neutrinos

Geoneutrinos are v, emitted in the 8 decays of long-lived radioactive elements, the heat
producing 233U and 2*Th chain isotopes, and “°K. The precise estimate of geoneutrino flux is
crucial to investigate the amount of radiogenic power driving the Earth’s engine.

Thanks to its huge mass and to its excellent energy resolution, JUNO will provide the world most
precise geoneutrino measurements and will measure U and Th individual contributions with high
statistical significance [3]. It will collect more geo-neutrino events than all the other experiments
with 1 year data, expecting a flux precision of about 22% for 1 year and about 8% for 10 years of
data taking. In ten years of data taking, JUNO will be able to determine the separate contributions
of U and Th isotopes with a ~ 30% and ~ 35% precision respectively. In addition, since JUNO
is geographically located far from the Borexino and KamLLAND, it will represent a unique and
independent probe to study the Earth composition and the radiogenic heat homogeneity.

2.4 Diffuse Supernova Neutrinos Background

The diffuse supernova neutrino background (DSNB) represents the integrated neutrino signal
from all the supernova explosions in the Universe, and it is expected to be visible in large underground
neutrino detectors as JUNO [11]. The detection of DSNB signals is important for the cosmology,
encompassing relevant information on the average core-collapse SN neutrino spectrum, the cosmic
star-formation rate and the fraction of failed black-hole forming supernovae (fgy).

A comprehensive study on the prospects for detecting the DSNB signal at JUNO using the
Inverse Beta Decay detection channel on free protons is reported in Ref. [11]. With latest DSNB
signal predictions, along with a more realistic background evaluation and reduction methods, JUNO
can reach the statistical significance of 30 for 3 years of data taking, and achieve better than 5o
after 10 years for a reference DSNB model. In the pessimistic scenario of non-observation, JUNO
would strongly improve the limits and exclude a significant region of the model parameter space.
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Figure 3: 90% confidence level upper limits on the DSNB fluxes for 18 equal neutrino energy bins from 12
to 30 MeV. The grey, red and blue bands with dashed lines are shown for the DSNB flux predictions with
(Ey,) = 12MeV, fgy = 0), (E,) = 15MeV, fgy = 0.27), and (E, ) = 18 MeV, fgg = 0.40) respectively.
The red and blue triangle points are shown for the DSNB flux limits obtained from SK-LILIII [12] and SK-
IV [13]. The pink square points are taken from the KamLLAND detection limits [14]. The orange diamond
points are shown for the limits from Borexino [15].
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