


 







 

 

 

 
 









o 3600 m.w.e of rock  (μ) 
 
o Cherenkov water detector 

 
o Inner PMTs (Rn emanation) 

 
o Quenched scintillator 

 
o Active scintillator 

 
o Fiducial mass (γ) 

 
o Fast neutrons 

μ 
n 

γ 

α,β 

Background Typical abundance Goal Measured 

238U 2 x10-5 (dust) g/g  10-16 g/g (1.6 + 0.1) x 10-17 g/g 

232Th  2 x 10-5 (dust) g/g  10-16 g/g (5 + 1) x 10-18 g/g 









Type γ β α n 

Src. 57Co 139Ce 203Hg 85Sr 54Mn 65Zn 60Co 40K 14C 214Bi 214Po n-p n-12C n-Fe 

MeV 0.122 0.165 0.279 0.514 0.834 1.1 
1.1, 
1.3 

1.4 0.15 3.2 
7.69 

(0.84) 
2.23 4.94 ~7.5 

Systematics 

Livetime 0.1% 0.04% 

Scintillator ρ 0.2% 0.05% 

Event Selection 
Loss 

0.3% 0.1% 

Position 
Reconstruction 

6.0% 
+1.3%/
-0.5% 

Energy Scale 6.0% 2.7% 

TOTAL 8.5% 
+3.6%/ 
-3.4% 





 

















Figure from: PRD, Vol. 60, 093011 
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Pee = 0.51 + 0.07(experiment  

                  +SSM high metalilcity) 

 

 



 

 









 p + p → 2H + e+ + νe             p + e- + p → 2H + νe 

 2H + p → 3He + γ 

(…) 

 12C + p → 13N + γ                    13N → 13C + e+ + νe 

15N + p → 12C + 4He                13C + p → 14N + γ 

15O → 15N + e+ + νe                   14N + p → 15O + γ 

                                   (…) 

p-e-p process,  
Mono-E neutrinos E = 1.44 MeV 
Low flux (1/400 total solar flux) 
1.2% predicted uncertainty 

C-N-O cycle 
Continuous spectrum Q = 1.74 MeV 
Low flux (comparable to pep) 
Highly sensitive to metall. models. 



More difficult than 7Be neutrino detection 
Low signal: few events/day/100tons 

Dominant background: cosmogenic β+ emitter 11C 
27cpd/100tons → signal/background ~ 0.1 

 
Need novel techniques to suppress 11C background: 

Three Fold Coincidence 
e+/e- Pulse Shape Discrimination 

μ 

n 

11C 



A Cabrdon-11 Veto 

μ +12C → μ +11C + n 
 
Δt ∼ 250 μs: 
n + p → d∗ → d + γ (2.2 MeV) 
 
Δt ∼ 30 min: 
11C →11B + e+ + ν (+ 0.96 MeV) 
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μ 

A Cabrdon-11 Veto 

μ +12C → μ +11C + n 
 
Δt ∼ 250 μs: 
n + p → d∗ → d + γ (2.2 MeV) 
 
Δt ∼ 30 min: 
11C →11B + e+ + ν (+ 0.96 MeV) 

Removes 91% 11C background 
Preserves 48.5% of exposure 

…and the rest ? 



A Cabrdon-11 Veto 

Positrons form ortho-positronium 
in ~ 50% of cases (in PC) 
• Scintillation signal delayed by ~ 3 ns 
• Pulse shape is different 
• Parameters measured 

in dedicated experiment 



Radioactive decays in peripheral structure: 208Tl from PMTs... 
• Spatial distribution external bkg → NON homogeneous 
• Spatial distribution internal bkg and neutrinos → homogeneous 
• Spatial distribution from Monte Carlo simulation and external calibration 

source (228Th) 
• Fiducial Volume: minimize γ-rays without sacrifice too many events 

Final fit done with multivariate likelihood 
fit: 
• External background identified by 

means of its spatial distribution 
• 11C by means of BDT variable 
• Energy used to disentangle other β 

backgrounds (210Bi in particular) 



Rate: 3.1 ± 0.6stat ± 0.3sys cpd/100 t 
 
    No oscillations excluded at 97% c.l. 
 
    Absence of pep solar ν excluded at 98% 
 
 
Assuming MSW-LMA: 
 
    Φpep = 1.6 ± 0.3 108 cm-2 s-1 

 
    CNO limit obtained assuming pep @ SSM 
 
    CNO rate < 7.1 cpd/100 t (95% c.l.) 



8B ν  with 3 MeV energy threshold in 
Borexino  
 
Important to probe the oscillation 
scenario 

8B in Borexino 

- Removal of muons  and events after 
muons within 2ms ( neutrons, 
afterpulses, short lived isotopes, 
electronics artefacts) 
- Identify  10C via 3 fold coinc. (muon-
neutron-10C decay) 
- 11Be statistically subtracted 



8B ν  with 3 MeV energy threshold in 
Borexino  
Important to probe the oscillation 
scenario 

8B in Borexino 

8B solar  neutrinos: electron recoil  
spectrum after the background 
subtraction  
and comparison with the models 
 
Results in agreement with  
LMA-MSW and solar models 



Geology 

Crust: the uppermost part  

OCEANIC CRUST 
 
 CONTINENTAL CRUST 

1.8 keV 



KamLand in Kamioka 
OCEANIC CRUST 

 
• Reactor antineutrinos; 
• 1000 tons; 
• S(reactors)/S(geo) ~ 6.7 (2010) 
  (are the reactors in Japan still OFF ? ) 

Borexino in Gran Sasso 
CONTINENTAL CRUST 

 

• Solar neutrinos  
• 280 tons; 
• S(reactors)/S(geo) ~ 0.3  
• DAQ started in 2007;           

Global Status 



Detection 

√e + p  n + e+ 

Energy threshold for antineutrino: 1.8 MeV 
Excess energy carried away by positron 

 
 

Coincidence Tagging: 
 

Prompt Event: Scintillation from positron KE and annihilation 
Delayed Event: Neutron Capture on hydrogen (τ ~ 250 μs) 



Geo-Neutrinos 

Inverse Beta Decay 
 
Positron annihilation ( > 1.02 MeV) 
 
Neutron Capture (2.2 MeV) 

√e  

Proton 
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Geo-Neutrinos 

Inverse Beta Decay 
 
Positron annihilation ( > 1.02 MeV) 
 
Neutron Capture (2.2 MeV) 

γ 
Deuterium 

Neutron 



Geo-Neutrinos 

Use spatial and time correlation between events to 
effectively reduce background 

 
Coincidence allows us to use entire scintillating volume 

( ~ 278 tons) for geoneutrino search 

~ 1m √e  

e+ 

γ 

γ 

γ 

τcap ~ 250μs 

n 



• Reactor antineutrinos 
 
• 13C(α, n)16O reactions 
 
• 9Li / 8He cosmogenic events 
 
• Fast neutrons 



arXiv:1207.6860v1 

<E> = 17 GeV muon neutrino 
730 km – CERN to LNGS 
√ mass < 2 ev/c2 
 γ > 1011 

Δt = 0.8 ± 0.7stat ± 2.9sys 


