
Updated results of  the geo-neutrino observation 
with the Borexino detector 



Motivation of geo-neutrinos search

And
Geoneutrinos is a new tool to research the nature of the Earth

Q
u

es
ti

on
s:

1) Surface heat flux puzzle ("main" problem)

2) Inner structure of the Earth

3) Chemical composition of our planet 

4) Physical processes (including radioactive decays) 
in the depth of the Earth

5) History of the Earth formation



A few words about the surface heat flux puzzle



Earth’s models and heat budget

Heat budget

Mantle
Big uncertainty

Lithosphere
“well” known

Core cooling Mantle cooling

Mantle Scenarios

Low Intermediate High

Model 
classification

The elemental composition of BSE is obtained
assuming a common origin for celestial bodies

in the solar system

The BSE models define
the original chemical composition of 

the primitive mantle

BSE - Bulk Silicate Earth Fully radiogenic (FR)

Cosmochemical (CC)

Geochemical (GC)

Geodynamical (GD)

Hrad
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Detecting geoneutrinos

KamLAND
only 2 experiments have measured geoneutrinos

both are liquid scintillator detectors
Inverse beta-decay reaction



Laben DAQ
Energy range:

200 keV – 20 MeV
+ PSD

+ position reco
Made for solar ν

FADC DAQ
Energy range:

1 – 50 MeV
+ PSD

+ position reco
Made for SN-ν

Energy: 
5% @ 1 MeV
-------------------
Position : 

10 cm @ 1 MeV

All nuclear reactors are 
far away from
the detector

The mean weighted 
distance is about 1200 km, 

there are no reactors 
in Italy

Ultra-high purity 
construction materials

+ Set of cuts 
+ Background studies



Antineutrino detection with liquid scintillators

Electron antineutrino detection: delayed coincidence
• Inverse Beta Decay (IBD)
• Charge current, electron flavour only

Energy threshold = 1.8 MeV
σ @ few MeV: ~10-42 cm2
(~100x more than scattering)

Eprompt = Evisible

= Te+ + 2 x 511 keV
~ Eantinu – 0.784 MeV



Detection of geoneutrinos

1 TNU = 1 event/ 1032 target protons (~1kton LS)/ year
with 100% detection efficiency

Signal at LNGS

Signal at LNGS
Geoneutrino flux ~ 106 cm-2s-1

<Pee> ~ 0.55



Overview of selection cuts

1) Energy cuts for prompt (Qp)and delayed (Qd)

2) Time between prompt and delayed (dt)

3) Distance between prompt and delayed (dR)

4) Muon Vetoes

5) Dynamic Fiducial Volume (DFV) cut

6) α/β discrimination



Selection cuts: energy cuts
500 p.e. / 1 MeV
Energy resolution: 5% @ 1 MeV



Selection cuts: time-space correlation



Selection cuts



Antineutrino backgrounds



Non-antineutrino backgrounds



Non-antineutrino backgrounds: Summary

The price for relaxing the cuts is 
an increase of the background by an order of magnitude

It was 0.78+0.13
-0.10

Fortunately, 
it is compensated 

by doubled statistics



Golden candidates



Spectral Fit: 
Th/U mass ratio fixed to 3.9





Spectral Fit: Th and U free



Systematic Uncertainties



Geological inputs



Geoneutrino Signal at LNGS



Mantle signal



Radiogenic heat



Radiogenic heat:
comparison



Convective Urey Ratio



Georeactor



Georeactor: results



Conclusions
1) A total uncertainty of ~18% achieved in the geoneutrino signal
using Borexino’s data with improved analysis

2) Mantle signal extracted by using well-known knowledge of LOC
New statistical tools exploited to reject the null-hypothesis of 
mantle signal at 99% C.L.

3) Radiogenic heat calculated using the obtained mantle signal and assuming 18%
contribution from 40K in the mantle. 2.4σ tension with models predicting 
the lowest amount of mantle signal

4) Lower limits at 90% C.L. : URCV >  0.3; Mantle Hrad (U+Th+K) > 12.2 TW; 
amantle (U) > 13 ppb; amantle (Th) > 48 ppb

5) Stringent georeactor upper limits at 95% C.L. for three different positions in the Earth
< 0.5 TW (2900 km) < 2.4 TW (center) <  5.7 TW (9842 km)



Thank You for your attention!

arXiv:1909.02257



Backup: KamLAND summary

More information - Neutrino Geoscience 2019:
https://indico.cern.ch/event/825708/contributions/3552210/

https://indico.cern.ch/event/825708/
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