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What are Geoneutrinos ? ~106/s/cm2
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Decaying HPEs emit antineutrinos in direct 
proportion to their heating power

3TNU is defined as the event number 

per 1032 target proton per year
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Important Questions in 
Geosciences(related to geoneutrinos)
✓what is the radiogenic contribution (U, Th, 40K) to heat flow and energetics in the deep 

Earth? 
✓are the fundamental ideas about Earth’s chemical composition and origin correct? 

✓ are the basic models of the composition of the crust correct? 



Important Questions in 
Geosciences(related to geoneutrinos)

From Mark CHEN’s slide in
Geo-neutrino 2019



Capture the Geoneutrinos

ഥ𝝂𝒆+ p+ → n + e+

e+ and n correlated in time and in position in the 
liquid scintillator detector

inverse beta decay



Geoneutrino Projects around the Globe

From Mark CHEN’s slide in
Geo-neutrino 2019



Physics results from the experiments in Japan and 
Italy



KamLAND 2016 Geoneutrino Published Result

solid line – model band varies 
between homogeneous 
mantle and sunken-layer 
hypothesis ;

dashed line – incorporates 
crustal contribution 
uncertainty



Geoneutrino Signal at Borexino 2019



Radiogenic Heat from Mantle
Borexino



Extract the Mantle Information From Data

R(Mantle)=R(total, exp.)-R(Crust, pred.)

12

Experiment Uncertainty + Crust 

Prediction Uncertainty

➢ How to reduce Experiment 

Uncertainty(another topic) 

➢ How to reduce Crust Prediction 

Uncertainty 

◆ 18% crust prediction uncertainty: 

confidence level at 2sigma 

◆ 8% crust prediction uncertainty: 

confidence level at 4sigma 



The uncertainty from Experiments 

238 U(Blue)  
232Th(Red)

408 /year 

➢ In perticular for detectors near the reactor neutrino sources, such as JUNO



Extract Geo from Reactor with Shape 
fitting

JUNO

8% uncertainty

4.8% uncertainty

Method I: using the reference measurements of reactor neutrino spectrum as inputs:

➢ (A) The existing Daya Bay reactor neutrino spectrum

➢ (B) Using the JUNO-TAO reference spectrum

Han, YFL et al. (2015) 



• Taishan Antineutrino Observatory (TAO), a ton-level, high energy 
resolution LS detector at 30 m from the core, a satellite exp. of 
JUNO.

• Measure reactor neutrino spectrum w/ sub-percent E resolution.

• model-independent reference spectrum for JUNO

• a benchmark for investigation of the nuclear database

• Ton-level Liquid Scintillator (Gd-LS)

• Full coverage of SiPM w/ PDE > 50%

• Operate at -50 ℃ (SiPM dark noise)

• 4500 p.e./MeV 

• Taishan Nuclear Power Plant, 
30-35 m from a 4.6 GW_th core

• 2000 IBD/day (4000) 

• Online in 2021

JUNO-TAO From Jun Cao @IAEA meeting (2019)



Shape and Direction Joint Fitting to exact 
the geo-neutrino signal
➢ Method II: can we use the statistical direction information (from IBD) to distinguish reactor 

& geo neutrinos? 

➢ This method is good for single direction sources, such as the reactor neutrinos from nearby 
nuclear power plants.

➢ It would be complicated for geo-neutrinos, which itself already have a rather wide angular 
distribution.

Preliminary results 
done by Xin Mao
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Joint Fitting to exact the geo-neutrino 
signal

➢ Method II: reactor neutrino angular distribution
Preliminary results 

done by Xin Mao



Joint Fitting to exact the geo-neutrino 
signal

After the reconstruction

Geo-neutrino direction distribution based on CRUST 1.0

Preliminary results 

done by Xin Mao



Results from Joint Fitting of reactor & geo νs
➢ The advantages would be significant when statistics is high and when the reactor 

spectrum uncertainty is large.

➢ Position resolution needs to be included.

➢ Other backgrounds

Preliminary results 

done by Xin Mao



Uncertainties from  Neutrino Oscillation Effects

➢ Based on CRUST1.0, the signal differences are 1.3 TNU (JUNO), 1.28 TNU (KamLAND), 1.25 TNU 
(Borexino), and 1.21 TNU (SNO+).

➢ Around 5% of total crust signal

➢ Within local 300 km, more important for refined local model

Matter Effects
0.1%-0.2%
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Prediction of Geoneutrino from Crust



Far from the detector 
1- less contribution

2- Hardly to do investigation 

Close to detector area
1- large contribution

2- can do some investigation 

The Uncertainty from Far Field
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The Uncertainty of Crust prediction

σ（total，crust）=σ (far filed, curst.)   +    σ(near filed, curst.)

How to define the range of near filed

1- the signal contribution

2- the possibility to reach the aim of 
uncertainty to distinguish different 
models   
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Chemical composition Model (a)

Large Uncertainty
Larger than 25%

The Global Crust Model

Crust2.0, Crust1.0, Litho1.0 Crust Structure 

23



24

1- Geological map around JUNO 2- Determine crustal thickness, 
estimates of lower, middle, upper crust 
thickness and density

3.Upper crustal compositional data

The Local Refined Crust Model –JUNO

arXiv:1903.11871



Weaver., 2005, Science

➢ High-resolution 3-D crustal model can be obtained 

beneath seismic array with seismic ambient noise data. 

✓ Our model is much better than the global CRUST1.0 

model  with higher-resolution and reliability.

✓ With bootstrap method, we evaluate the model 

uncertainty. It is less than ~ 1% for most areas 

at depths from 0 ~ 60 km.

➢ The Cell by Cell Composition 

Cell by Cell error with out 

correlation 

✓ Enough data sample

✓ The error of abundance 

distribution is larger than 

other errors

By Zhi wei LI
By Ruohan.GAO/Andong Wang

The Advantage of JUNO Local Crust Model 
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6.0%

45%

52.1%

~100%
%

The Crustal Geoneutrino Flux 
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Strati et.al(2014)



Summary

➢Geo-neutrinos is a new frontier of joint efforts from particle physics, geology, 
geo-physics & geo-chemistry

➢Geoneutrino signal can tell how many U and Th is in the deep Earth 

➢Currently, the measurement interpretations using local models: BOREXINO  
and KamLAND

➢From the particle physics aspects: production, propagation, detection

➢From the Geology aspects: Near field (NF) models of the upper crust control 
accuracy and precision of signal predictions


