


I’m a curious scientist who 

is presently studying with a 

critical approach... 



What is an uncertainty in science? 

An uncertainty is a crack in  

the wall of knowledge 



* Borexino collaboration, 2015 - Physical Review D 92  ** KamLAND collaboration, 2013 - Phys. Rev. D 88 

Geoneutrinos 

Reactor 

antineutrinos 

Background 

Geoneutrino energy window Geoneutrino energy window 

KamLAND 

• Period:  

 2002 – 2012 

• Geo- events: 

 116+28
-27 

• Signal:  

 30 ± 7 TNU 

Borexino 

• Period:  

 2007 – 2015 

• Geo- events: 

 23.7+7.4
-6.3 

• Signal:  

 43.5 +14.5
-12.8 TNU 

* ** 

Borexino and KamLAND results 

1 TNU = one event per 

1032 free protons per year 



Cosmochemical BSE models: 

mPRIM(U) = 0.5 ± 0.1 1017 kg  

Th/U = 3.5 

KL and BX results  
and Bulk Silicate Models 

Geochemical BSE models: 

mPRIM(U) = 0.8 ± 0.2 1017 kg  

Th/U = 4 

Geodynamical BSE models: 

mPRIM(U) = 1.4 ± 0.2 1017 kg  

Th/U = 4 

In the plane (S,H), a region containing all 

models consistent with geochemical and 

geophysical data can be defined: 

 the “slope” is universal  

 the intercept depends on the site 

 the width depends on the site (crustal 

effect) 

H (U+Th) = 13 +12 
-5 TW 

H (U+Th) = 28 +24 
-17 TW 

Borexino 

Bellini et al, 2013 – Prog Part Nucl Phys 
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There are many walls without any cracks 



There are many walls without any cracks 



No cracks from nuclear physics! 

Van Schmus, W.R., 1995. In: Ahrens, T.J. (Ed.), Global Earth Physics: A Handbook of Physical Constants, vol. 1 of 

Reference Shelf American Geophysical Union. pp. 283–291 



There are many walls without any cracks 



No cracks from geophysics! 

http://igppweb.ucsd.edu/~gabi/crust1.html 



Crustal geophysical model and its uncertainties 

Crustal Reference Model RM [Huang 

et al. 2013]: 64.800 1°x1° voxels 

divided in CC and OC.  

• CRUST2.0[1]: reflection and 

refraction seismic data 

• CUB2.0[2]: surface seismic waves 

• GEMMA[3]: gravitational potential 

field 

[1] Bassin et al. - 2000 

[2] Shapiro and Ritzwoller - 2002 

[3] Negretti et al. - 2012 

• Uncertainties of global crustal 

thickness estimated for the first time 

• ~10% uncertainty in continents 

• Larger uncertainty  

in oceans and  

continental margins 

CRUST2 CUB2 GEM RM 

Mass  

(1021 kg) 

CC 21.4 20.9 19.6 20.6 ± 2.5 

OC 6.3 6.4 7.4 6.7 ± 2.3 



EXP LOC FFC Mantle
S S S S  

50% 
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LOC
S

M
S

FFC
S Contributions to the 

SLOC in KamLAND are 

given by U and  

Th in: 

Including a refined local model, in Enomoto et al. (2007) 

the expected signal in KamLAND is 35.2 TNU. 

 

[1] Fiorentini et al. - 2012 

[2] Huang, Y., et al. - 2013 - arXiv:1301.0365v2 

[3] KamLAND collaboration - Phys. Rev. D 88 - 2013 

~ 500 km x 500 km 

 

Geoneutrino in KamLAND: remember? 





Strange cracks (1)… 

How many TW do 

you obtain at -3s? 



Strange cracks (2)… 

How many ppm do 

you obtain at -2s? 



Have a look to the shape of the cracks… 



Have a look to the shape of the cracks… 



Let have a look to U measurements in MC… 



What is the meaning of the “mean”? 



What do you learn? 

Before to sell a 

number, study the 

distribution of the 

values! 



This is a skewed crack!!! 

Pearson Mode Skewness = 



In 1953 Ahrens wrote… 



Welcome to the lognormal world!!! 



Uauuuuhhh!!! 



What are the implications of this analysis? 

a(U)Amph_fels= 1.9 ± 2.0 mg/g 

a(U)Amph_fels= 1.2 -0.8 
+2.0 mg/g 



• After the refinement, the regional geoneutrino signal 

expected at SNO+ decreases from 18.9 +3.5 
-3.3 TNU (Huang et 

al. 2013) to 15.6 +5.3 
-3.4 TNU (Huang et al. 2014). 

• The Huronian Supergroup is predicted to be the dominant 

source of the geoneutrino signal and the primary source of the 

large uncertainty on the local predicted geoneutrino signal. 

Lithologic unit of UC Vol. (%) U (ppm) Th (ppm) S(U+Th) [TNU] 

Tonalite/Tonalite gneiss (Wawa-Abitibi) 60.6 0.7 +0.5 -0.3 3.1 +2.3 -1.3 2.2 +1.4 
-0.9 

Central Gneiss Belt (Grenville Province) 30.2 2.6 +0.4 -0.4 5.1 +6.0 -2.8 2.1 +0.4 
-0.3 

(Meta)volcanic rocks (Abitibi sub-province) 2.9 0.4 +0.4 -0.2 1.3 +1.2
-0.6 0.02 +0.01 

-0.01 

Paleozoic sediments (Great Lakes) 1.3 2.5 +2.0 -1.1 4.4 +1.6 -1.2 0.05 +0.04 
-0.02 

Granite or granodiorite (Wawa-Abitibi) 2.2 2.9 +1.6 -1.0 19.9 +8.4 -6.0 0.5 +0.2 
-0.1 

Huronian Supergroup, Sudbury Basin 2.7 4.2 +2.9 -1.7 11.1 +8.2 -4.8 7.3 +5.0
 -3.0 

Sudbury Igneous Complex 0.1 2.3 +0.2 -0.2 10.6 +0.7 -0.7 0.8 +0.1
 -0.1 

Geoneutrino signal at SNO+ from the local crust 



1 - Huang et al. 2014 Geoch. Geoph. Geosys. 

2 - Baldoncini et al. 2016 TAUP Proceedings (in Press) 

Local Crust 15.6 +5.3 
-3.4 

Rest of the Crust 15.1 +2.8
-2.4 

Cont. Lithos. mantle 2.1 +2.9 
-1.2 

Mantle 9 

TOTAL 40 +6 
-4 

Geoneutrinos signal1(TNU) 

Reactor antineutrinos signal2 (TNU) 

• The temporal fluctuations (~10% at 1σ) of reactor 

antineutrino signal resembles the temporal profile 

of the Bruce Power Station effective thermal power. 

• The geoneutrino signal of the Local Crust 

corresponds to ~ 50% of the total crustal signal. 

LER FER 

Bruce reactors 17.3 +1.0 
-0.7 73.7+2.0 

-1.8 

Rest of reactors 31.2 +0.9
-0.8 118.9 +2.8 

-2.6 

TOTAL 48.5 +1.8 
-1.5 192.6 +4.7

-4.4 

Reactor antineutrinos and geoneutrino at SNO+ 



Baldoncini et al. 2015 – Physical Review D 91(6) 

• Reactor antineutrinos are the most 

severe background for geoneutrino 

measurements. 

• In the Low Energy Region (LER) we 

observe an overlap between geoneutrino 

and reactor antineutrinos spectra, with a 

signal ratio SLER/SGeo ~ 1 @ SNO+ 

• Bruce Power Station includes 8 

nuclear reactors and produces ~22 GW 

of thermal power. 

• Although the thermal power of Bruce 

reactors corresponds to 1.9% of the 

global thermal power, they contribute to 

about 38% of total reactor antineutrino 

signal SReact at SNO+. 

Bruce Power 

Station  

Reactor antineutrinos signal at SNO+  
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