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Figure 1 The composition of surface heat flux. The total flux is rela-
tively well constrained, but the fraction of each part is under debate
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Figure 2 Prompt energy spectrum of the ¥, events in KamLAND'?],
(a) Data together with the best-fit background and geo V, contribu-

tions. (b) Observed geo V¥, spectrum after subtraction of reactor Vv,

and other background sources. The blue shaded curve shows the expec-

tation from the geological reference model
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Figure 3 Geoneutrino flux predictions at geoneutrino detectors in
TNUm], showing contributions from near-field crust (NFC), far-field
crust (FFC), and the mantle (asthenospheric+lithospheric). NFC is a 6°
longitude by 4° latitude region centered at the detector location. NFC
and FFC include the small contribution (<2 TNU) from the underlying
Continental Lithospheric Mantle (CLM)
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Figure 4 Simulated measurements in year 2025 (vertical axis) vs.
predicted crustal events ions at geoneutrino detectors KL, JUNO, BX,
SNO+, and Jinping (JP). The x-intercept stands for the contribution of
geoneutrinos from the mantle. We show results for two BSE composi-
tional estimates, previously termed medium-Q and low-Q models. The
solution of mantle flux for the medium-Q model translates into (12+4)
TW of radiogenic power in the mantle™”
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Figure 5 The expected geoneutrino signal at JUNO as a function of
radiogenic heat due to U and Th in the earth H(U+Th). The red line and
blue line correspond to two limiting cases calculated from two mantle
emission models with extrem radiation element abundance. The purple,
green and pink regions between the two lines denotes the region allowed
by cosmochemical, geochemical and geodynamical models, respectively.
The two limiting cases are calculated from two mantle emission models
built with extreme radiation element abundance. The shallow regions
between the two lines denotes the region allowed by cosmochemical,
geochemical and geodynamical models, respectively
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Figure 6 The energy spectra of geo-neutrinos, reactor antineutrinos, and other non-antineutrino backgrounds at JUNO for one year of data-taking.
The blue solid line is the total spectrum and the red dashed line is the reactor antineutrinos. The red solid area and stippled pink area are antineutrinos

from Th and U in the Earth, respectively. All the non-antineutrino backgrounds are also shown with legend
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For half a century we have established with considerable precision the Earth’s heat flow to be (47+2) TW. However, it remains
under debate what fraction of this power comes from Earth’s primordial heat and what fraction comes from the radiogenic heat.
This debate comes from the uncertainties on the composition of the Earth, the question of chemical layering in the mantle, the
nature of mantle convection, the energy required to drive plate tectonics, and the power source of the geodynamo.

The surface heat flux, as measured in boreholes, provides limited insights into the relative contributions of primordial versus
radiogenic sources of the mantle’s heat budget. Geoneutrinos are unique probes that bring direct information about the amount
and distribution of heat producing elements in the crust and mantle. Cosmochemical, geochemical, and geodynamic composi-
tional models of the Bulk Silicate Earth (BSE) predicted different mantle neutrino fluxes.

The flux of geo-neutrinos at any point on the Earth’s surface is a function of the abundances and distributions of radioactive
elements within our planet. In 2005, the KamLAND collaboration published the first experimental result about the geo-neutrino
measurement, and then Borexino collaboration claimed the second. However the existing geo-neutrino detectors (KamLAND
and Borexino) have not accumulated enough geo-neutrino data to discriminate models that parameterize the mantle convection
and identify hidden reservoirs in the mantle.

The particle physics community is trying to take a bold advantage of the development of the JUNO (Jiangmen Underground
Neutrino Observatory). JUNO detector is a 20 kt liquid-scintillator, 20 times greater than KamLAND detector and 60 times
greater than Borexino detector. The new JUNO detector will collect a much larger number of geo-neutrino signals, and thus
have the potential to inform the geological community about the Earth’s total geo-neutrino flux and details of the contribution
from the region surround the detector. From those information, one can discriminate models of parameterized mantle convec-
tion, restrict the ratio of Th and U and also other potential question.

To solve the above questions, the important for Chinese Geoscience is to develop a model to predict the geoneutrino signal at
JUNO with high a precision and accuracy. This result from the geoscience community will inform the particle physics communi-
ty of the expect crust geoneutrino signal at JUNO, while on the other hand the physicists will independently determine their total
signal, which has relative contributions from the Earth, reactors, accidentals and detector. In the case that the physicists and ge-
ologists get different numbers, beyond uncertainties, the respective communities will necessarily reassess their models.

Predicting the crust geoneutrino signal at JUNO demands that we accumulate the basic geological, geochemical and geo-
physical data for the regional area surrounding the detector. Experience tells us that in the continents the closest 500 km to the
detector contributes half of the signal and it is this region that needs to be critically evaluated. This goal demands that the phys-
ical (density and structure) and chemical (abundance and distribution of Th and U) nature of the continent must be specified for
the region. Doing so brings key fundamental benefits to the geoscience community.

The main tasks include surveys and descriptions of the geology, seismology, heat flow, and geochemistry of the regional
lithosphere. In addition to these survey studies it is vitally important to involve computational geological studies, where all of
the geological, geophysical and geochemical data are geo-located into an integrated, 3-dimensional model that is the essential
physical and chemical database.

This paper presents the possibility and potential of a geo-neutrinos approach to a number of geoscience problems with
state-of-the-art research in this area. It also discusses the JUNO and its many applications in the emerging research area of par-
ticle physics and earth sciences.

geo-neutrinos, radiogenic heat, Th/U ratio, radioactive geothermal energy of the mantle, Jiangmen Underground
Neutrino Observatory
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