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Detecting 
Geoneutrinos 
from the Earth 



Plate Tectonics,  

Convection, 

Geodynamo 

Does heat from radioactive decay 

drive the Earth’s engine? 



U in the Earth: ~13 ng/g U in the Earth 

 

Metallic sphere (core) 

      <<<1 ng/g U  
 

Silicate sphere 

  20* ng/g U  
 

*O’Neill & Palme (2008)   10 ng/g 

*Turcotte & Schubert (2002) 31 ng/g 

 

Continental Crust 

       1300 ng/g U  
 

Mantle 

  ~12 ng/g U  

“Differentiation” 

Chromatographic separation 

Mantle melting & crust formation 



after Jaupart et al 2008 Treatise of Geophysics  

Mantle cooling 

(18 TW) 

Crust R* 

(7 ± 1 TW) 
(Rudnick and Gao ’03 

Huang et al ‘13) 

Mantle R* 

(13 ± 4 TW) 

Core 

(~9 TW) 
- 

(4-15 TW) 

Earth’s surface heat flow 46 ± 3 TW 

(0.4 TW) Tidal dissipation 

Chemical differentiation 

*R radiogenic heat 
  (after McDonough & Sun ’95) 

total R* 

20 ± 4 



Can Physics Help Geoscience? 

TNU: geo-nu event seen by a kiloton detector in a year 



Can Physics Help Geoscience? 

Near field signal is based on regional crust study (Enomoto et al., 2007; 

Coltorti et al., 2011) 



Can Physics Help Geoscience? 

Far field signal is based on global reference model (Huang et al., 2013) 



Can Physics Help Geoscience? 

Mantle signal is the difference between experimental results and 

crustal signal; it is the key to distinguishing BSE compositional models 



Constructing a 3-D 

reference model Earth 

assigning chemical 

and physical states 

to Earth voxels 1o x 1o x “z” tile  

mapping of elements 

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

http://arxiv.org/abs/1301.0365


Global Earth Reference Model  
- 7 layers for the top 200 km 

- Integrate 3 global models for the crust 

- New crust model with uncertainties 

Huang et al (2013) G-cubed 



What’s hidden in the mantle? 

Seismically slow “red” regions in the deep mantle 

Can we image it 
with geonus? 

Ritsema et al (Science, 1999) 



Testing Earth Models 

Šrámek et al, 2013, EPSL 



Predicted geoneutrino flux 

Mantle flux at 

the surface 

Šrámek et al (2013) EPSL 10.1016/j.epsl.2012.11.001; arXiv:1207.0853  

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

Total flux at surface 
dominated by 

Continental crust 

dominated by  

deep mantle structures 

http://arxiv.org/ct?url=http://dx.doi.org/10.1016/j.epsl.2012.11.001&v=fd8acf9c
http://arxiv.org/abs/1207.0853
http://arxiv.org/abs/1301.0365
http://arxiv.org/abs/1301.0365


Expected Geonu Signal [TNU] 

Crust Mantle 

LOC FFC CLM Mantle 

2.1 

2.3 - 3.7 

6.9 ± 2.6 

13.5 ± 2.5 

SNO+ geonu signal 

5.3

3.415.6



2.8

2.415.1

5.6

3.514.4



Bulk Crust:            (without correlation)  

          or              (with correlation)  TNU  

6.0

4.230.7



7.7

4.930.0





Near Field: six closest 2° × 2° crustal voxels 

Far Field: bulk crust – near field crust  



Hanohano 

A Deep Ocean 

 e Electron  

Anti-Neutrino  

Observatory 

Deployment Sketch 

Descent/ascent 39 min 

- multiple deployments 

- deep water cosmic shield 

- control-able L/E detection 

An experiment with joint 

interests in Physics, 

Geology, and Security 

Size: scalable from 1 to 50 kT 

10-yr cost est: $250M @ 10 kT 





The  importance of 

Reactor subtraction 

Above and below predicted 

Example from KamLAND 

We must improve our modeling 



Ocean based 

experiment! 
 

 

- Neutrino 

Tomography…   

 

-   Pacific Transect 

 

- Avoid continents 

 

- 4 km depth 

deployments 

 

- Map out the 

Earth’s interior 

 

- Test the models 
Šrámek et al (2013) EPSL arXiv:1207.0853  

http://arxiv.org/abs/1207.0853


SUMMARY  
Earth’s radiogenic (Th & U) power  
 22 ± 12 TW - Borexino        11.2        TW - KamLAND 
 

Prediction: models range from 8 to 28 TW (for Th & U) 
 

On-line and next generation experiments:  
- SNO+ online 2013/14    
- Daya Bay II: good experiment, limited geonu application? 
- Hanohano:  this is FUNDAMENTAL for geosciences 
         Geology must participate & contribute to the cost      

 

Future:  

-Neutrino Tomography of the 
Earth’s deep interior    

+ 7.9 
- 5.1 


