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Outline

What can JUNO geo-neutrino help geoscience
Improve the crust models with particle physics point of view

Estimate the radioactive heat from U+Th by JUNO geo-ν

Measure Th/U ratio through JUNO geo-ν

Evaluate mantle structure using JUNO geo-ν

Discuss other  potential geo-scientific goal

How can build community between particle physicists and geo scientist
Experience from SNO+ in Canada

Experience from KamLAND in Japan

Start from the local refined geology model(3D/4D model)

New  Tools

New Method
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What is Geo-ν and JUNO ability 

Visible Energy (MeV)

+p +ࢋ → n + e+

1.8 MeV Energy Threshold
20 kton LS target
3% Energy Resolution 

238 U(Blue)  232Th(Red)
408 /year 

~106/s/cm2
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The Existing Geo-ν Experiments
KamLAND, Japan (1kt)

Ngeo = 116±28  (8.9y)

Borexino, Italy (0.6kt)

Ngeo = 23.7 ±6.5 (5.7y)

408/y is a huge number, better than 
all the existing experiments.
 Even with this small number 25, 
The paper is the cover of nature.
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Ngeo = 25 ±18



How precise of JUNO Geo-ν measurement

Visible Energy (MeV)

• Within the first year of running, JUNO will 
record more geo-neutrino events than all other 
detectors will have.

• Reactor neutrino is the main background for 
geo-neutrino in JUNO. But still with 10 years 
data, we can reach high precision.

JUNO

8% uncertainty

4.8% uncertainty 5



How we estimate Geo-ν in JUNO ?

Huang et al (2013) G-cubed arXiv:1301.0365

Geo-ν flux on the Earth surface   +  JUNO detect ability

Geo-information  + Particle physics/detector  Geo-ν flux 
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Geo-ν signal on Earth Surface
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Activity and number of produced geoneutrinos Volume of source unit

Distance between source unit and detector

Abundance and density of the source unit

Survival probability function

Earth structure ( and L) and chemical composition (a)
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Geoneutrino signal in TNU 



The Earth Structure Models and Chemical 
Composition Models
Earth Structure Models ( and L) Chemical composition Model (a)

Global  Models : Crust2.0  Crust1.0  Litho1.0 
Chinese Local Models: SUN YS et.al and Huang et.al
From ZHAO Liang

More details see  Ondrej’s talk in the afternoon

Analysis Method is one of the contribution 
to geo-science 

Geo-neutrino study can improve the models  
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JUNO Geo-ν contribution to geo-science(I)

• Weird points in Litho1.0 
Thickness is negative.

Ondrej/Beda are working on this 
see Ondrej’s talk

• Huang’s model: thickness is 
an integer, very rough model.

Jincheng combine Litho1.0 to fix this
Geophysical model into a Lithology 
distribution model.

Yufei and Jincheng collected 
more samples around JUNO
to  reduce the uncertainties
See Yufei’s talk

Improve the quality of geo physical/chemical models!

• High uncertainties of 
chemical composition model
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JUNO Geo-ν flux with different models
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JUNO Geo-ν contribution to geo-science(II)
Constrain the range of radiogenic heat contribution 
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JUNO Geo-ν contribution to geo-science(III)
Estimate from Th and U concentrations—

measured kappa ratio（ ௠௘௔௦）

௠௘௔௦

232

238

Estimate from lead radiogenic isotope 
ratio—time integrated kappa ratio( ௉௕)

௉௕

208

206
஛ଶଷ଼்

஛ଶଷଶ்

 The difference between ௉௕ and ௠௘௔௦ indicates 
that U6+ recycled back into mantle sometime 
during the Earth’s history

 the BSE ௉௕ dictates that Th and U were excluded 
from the core.

 The small difference between ccKpb and MMKpb
indicates that U recycling was a relatively recent 
process or that limited recycling followed 
atmospheric  oxygenation at 2.4Ga and evolved 
slowly with time.

See GUO Meng’s poster 

JUNO Geo-ν provide a new way to do Th/U ratio!12



The potential of Th/U ratio at JUNO

For ten year of running, accuracy of 30% and 15%
respectively can be obtained at 1% reactor shape uncertainty

For ten years of running, accuracy of 35% and 20%
respectively can be obtained at DYB reactor shape

The uncertainty of  Th/U ratio is around 26%
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JUNO Geo-ν contribution to geo-science(IV)

JUNO Geo-ν apply a new way to see deep the Earth ---Mantle 

Is the mantle compositionally layered or
have large structures?

Sramek et.al Earth and Planetary Science Letters 361 (2013) 356–366
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The potential of Mantle measurement at JUNO

Comparison of the global reference model(18% crust) and
a benchmark accuracy of the local model (8% curst)

R(Mantle)=R(total, exp.)-R(Crust, pred.)
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• At 1sigma range mantle: 9 ± 2TNU
• To separate the mantle and curst

18% crust uncertainty: 
confidence level at 2sigma 
8% crust uncertainty: 
confidence level at 3.7sigma 

• Refined local model is very important



From geo-neutrino to geo-science

• Using geo-neutrino to solve the geo-problem is not far from us!
• What else can help in geo-science, we can work together to see the possibility!

Geoneutrino prediction from
Šrámek et al. 2016 doi:10.1038/srep33034
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See Beda’s  talk



Experience from SNO+ in Canada

Geology: for sample collection 
Geochemistry : ICPMS/HPGe
+  Physics       abundance analysis

Seismology+Geo-physics:
Cross section, seismic data
Give the map with error

All: interpolation 
geophysical model to
Lithology distribution

Local 3D models
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Experience from KamLAND in Japan

18



The need of refined local(south China)model
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Build the geo-science and particle physics Community 
Geology

Seismology
Heat flow

Geochemistry
Geophysics
Petrology 

Physics ………………… 

Lessons from KamLAND（Janpan）



New Field

Interdisciplinary

Innovations

High Quality 
JUNO Geo-

neutrino study

New method to 
improve the 

models

New tools to 
solve geo-
problem

High IF  
SCI 

Attractive 
idea
for NSFC 
application

Let’s start with 
south China 

refined 3D model.
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