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GIGJ: a crustal gravity model of the Guangdong Province

for predicting the geoneutrino signal at the JUNO experiment
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How much uranium is in the Earth?
BULK SILICATE EARTH MODELS:

 What is the
radiogenic
contribution
to the heat
flux?

* Which are the
building blocks
(chondritic
meteorites) of our
planet?

 What kind of
mechanical and
thermal processes
affected the early
stages of the Earth
formation?
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COSMOCHEMICAL MODEL
M, =5 x10%® kg

Radiogenic= 11 TW

ecular Cooling ~36 W

GEOCHEMICAL MODEL

M, = 8 x10%% kg

R
SC Radiogenic = 20 TW
dSecular Cooling ~ 27 W

Enstatites Carbonaceous
Chondrites Chondrites
A, =12 ppb A, =20 ppb
Th/U = 3.6 Th/U =4
1.20
e @® chondrites
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* "¢ Javoy etal (2010), Table 6



U, Th and 4°K in the Earth release heat together

Geoneutrino: antineutrino from the Earth

with anti-neutrinos, in a well fixed ratio:

Type of decays | Ty, [Gyr] | ¢, [kgis] Q [MeV] | g, [uW/k(g]
238 a, B, By 4.5 7.46 x 107 51.7 95
232Th a, B, By 14.0 1.62 x 107 42.7 27
40K By (89%) 1.3 2.32 x 108 1.3 22

- Earth emits (mainly) antineutrinos (¢, ~10°cm™s™) whereas Sun shines
INn neutrinos.

* A fraction of geo-neutrinos from U and Th (not from 4°K) are above
threshold for inverse 3 on protons:

v+p—e +n-1.8 MeV

* Different components can be distinguished due to different energy
spectra (e.g. anti-n with highest energy are from Uranium)




Geoneutrinos: a probe for investigating the deep Earth

With a direct measurement of mantle radioactivity we can..
« estimate the radiogenic heat power

 exclude some BSE models

» understand the early stages of Earth formation

/ Sexp = (SLOC T SFFC) + Sy tantle

|
i ' S, o + St~ = signals from local and far
Seyp = experimental signals from LOC FFC g

KamLAND, Borexino, SNO+, JUNO field crust estlmateq using geophysical
and geochemical direct measurements




Calculation of geoneutrino flux and signal

ﬁhe geoneutrino flux \ / \

&, P r)a,(r) ., The signal (event rate in a
CD(X):4R.[ ( ) x( )d

v ‘R—F'

detector) is expressed in
Terrestrial Neutrino Unit (TNU),
defined as one event per 1032

Depends on X abundance, rock density, the
number of antineutrinos per unit mass and :
target nuclei per year.

@erse square distance of rocky reservoir / \ /

U and Th content measured Literature data, geological maps
in representative samples and interpreted seismic profiles
)ZET*ECTOB/ \
§ Upper Crust
: --1 O 0
™M
t | Lower Crust \
@ U and Th abundances inferred Estimations from seismic velocities
from seismic arguments and other geophysical data

Geochemical uncertainties > 15% Geophysical uncertainties < 5%



A few pills on gravimetry

» Measuring the Earth’s gravitational field from
the ESA GOCE satellite benefits from:
v high observation accuracy
v homogeneous data distribution
v good spatial resolution

Crust

Topography Crust

» Gravimetric inversion e == " e ot
solves for anomalies core \
59 (1 mGal = 105 m/s?) ! | ‘,- A‘ .
with respect to a d
reference Earth signal Obse;;:/éd gravity - Reference gravity = Gravity anomalies

Mountains & Ocean trenches
Internal mass distribution

Earth & Ocean tides
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Gravimetry is dumb without seismic!
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« Gravimetric inversion is
generally an ill-posed
problem having non-unique
solution

« Gravimetric inversion needs
an a-priori model, including
a fixed sedimentary layer and
seismic data combined
according to their accuracy
and spatial resolution

» Heterogeneous information
from 2D and 1D seismic
data, together with Moho
depth maps are wisely
integrated in a unique and
coherent a priori geological
model



The GIGJ (GOCE Inversion for Geoneutrinos at JUNO) model

*GIGJ is a 3D numerical model made up of

2688 voxels of 50 km x 50 km x 0.1 km
*GIGJ fits GOCE gravity data with a 1.13

mGal standard deviation of the residuals,

compatible with the observation accuracy
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* The applied Bayesian method
allows for fitting gravimetric
observations integrating at the
same time local prior
distribution with regularization
conditions (density and
geometry smoothness)



Depth maps of the geophysical discontinuities
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Thickness (km)

GIGJ improves the definition of the crustal layers

® *GIGJ //U#O
] =RRM
11 - + Upper Crust
{ } X CRUST1.0
10 -
o] & Lower Crust
°] « While global crustal models report
a for UC, MC and LC an equal
6 -

uc MC LC

« Mass uncertainties include estimation
errors, associated to the solution of the
Inverse gravimetric problem, and
systematic uncertainties, due to the
adoption of fixed sediments

thickness (33% of the total crust)
GIGJ provides a site-specific
subdivision of the crust

Mass (101%kg)

UC | 697.8 + 2.2 (+ 13.5)
MC | 585.0 + 15.9 (+ 0.8)
LC | 1001.2 + 9.3 (+ 0.7)




Results of geoneutrino signal calculation

GIGJ (2018) |CRUST1.0 (2014)| RRM (2013)
Gror (TNU) Gror (TNU) Gror (TNU)
uc 3.47 £ 0.08 3.56 3.72+0.22
MC 1.70 £ 0.05 2.09 2.20 +0.11
LC 2.17 + 0.02 1.73 1.77 £ 0.09

G+o7 = geoneutrino signal in TNU expected at JUNO produced by

U and Th abundances (1ug/qg) distributed in UC, MC e LC.

* We predicted a reduction (~21%) and an increase (~24%) of

the MC and LC signal respectively.

* The main outcome of this study is the 63%, 55% and 78%
reduction of the UC, MC and LC signal uncertainty.




Why this work is relevant for the future?

Middle Crust [Grot=1.70 TNU ]
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* Focusing on the 100 km x 100 km area centered at JUNO, we
highlight an evident N-S anisotropy in the UC geoneutrino signal.

* In the perspective of a geophysical and geochemical refinement, this
IS a relevant information for planning future surveys.




~ Geoneutrinos events in JUNO (compared to BX and KL)

Geoneutrino energy window
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Borexino

Period:
2007 — 2015

Geo-v events:
23-74_7'4-6.3

Signal:
43.5 *14> T TNU

* Borexino collaboration, 2015 - Physical Review D 92
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| KamLAND

Period:
2002 — 2012

Geo-v events:
116+28_27

Signal:
30+£7 TNU

** KamLAND collaboration, 2013 - Phys. Rev. D 88



Antineutrino spectra at JUNO

N°of cores Load Factor Planned P

(planned) (2016) W)
Yangjiang 3 (6) 82% 6 x 2.9 GW
Taishan 0 (4) 0% 4 x 4.6 GW

Signal [TNU)/10 keV

Geoneutrino

3 4 5 6 7
Energy [MeV]

Jiangmen Shenzen O '
JUNQSe e Hinafe
| w '
Jlangfheng D
0 Taishan
Yangjiang
Zhanjiang
South China Sea
0 75 150 km
[1.8 — 3.3] MeV
S [TNU]
Geoneutrino 39.765
Reactor_2016 117.5%63 .
Reactors_ON 354+4
8 9 10



A look to Nuclear Power Stations

Reactor Construct. | First Grid
Start Date | Connection

Dec. 08 Dec. 13 CPR-1000

2 Jun. 09 Mar. 15 CPR-1000 1.1
3 Nov. 10 Oct. 15 CPR-1000 1.1
YANGJIANG
4 Nov. 12 Jan. 17 CPR-1000 1.1
5 Sept. 13 Fall 18 ACPR-1000 1.1
6 Dec. 13 Winter 18  ACPR-1000 1.1
1 Nov. 09 Soon ? EPR-1750 1.75
TAISHAN
2 Apr. 10 Soon ? EPR-1750 1.75

* “Negotiations for Taishan-3 and -4 are expected to restart soon following the
suspension of new-build authorizations after the Fukushima accident” (Soon?...)

* Before 2022 it's reasonable to expect 8 reactors on line, with a total ~ 30 GW,

* With this constraint and an average load factor of 80%, we expect Sy, / Sy =~ 7

Source PRIS — IAEA — March 2018



TAIS_HAN Nuclqar Power Plant
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