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Solar 8B Neutrinos CEνNS in XENONnT? 
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Sun 

M. Agostini et al., 
Nature, 562(7728):505–510, 2018 



XENONnT : Who? 
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XENONnT : Where? 
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Underground at 
INFN LNGS 

3600 m.w.e rock 
overburden 

LXe dual-phase 
TPC 



XENONnT : What? 
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All detectors’ materials very carefully selected for excellent radiopurity    

TPC NEUTRON VETO MUON VETO 

LXe - GXe time projection chamber  Gd-doped water Cherenkov detector (NV) 

5.9 t active LXe mass 
1.3 x 1.5 m diameter x height 

494 PMTs (3’’ Hamamatsu R11410-21) 
23 V/cm operating drift electric field 

2.9 kV/cm extraction field (e- LXe " GXe) 

33 t water contained 
~2 x 3 m diameter x height 
120 PMTs (8’’ Hamamatsu R5912) 
0.05% GdSO concentration (since 2023) 

0.5% GdSO concentration (final goal) 

700 t water contained 
~10 x 10 m diameter x height 
84 PMTs (8’’ Hamamatsu R5912-ASSY) 
Shares same water with NV but optically 

separated detectors 

Gd-doped water Cherenkov detector (MV) 

📄 JINST 9 P11006 📄  EPJ C 84 (2024) 138 

3 Nested Detectors sharing the same DAQ 



XENONnT : What? 
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Liquid purification and cryogenic distillation 

Kr COLUMN 

Rn COLUMN 

LXe PUR 

222Rn CRYO-DISTILLATION 

Continuous online distillation 
222Rn conc. (SR0): 1.8 µBq/kg 
222Rn conc. (SR1): 0.8 µBq/kg ! 
Was the dominant bkg in 

XENON1T 

85Kr CRYO-DISTILLATION 

natKr/Xe concentration : <50 ppt 

Made subdominant since XENON1T 

ELECTRON LIFETIME 

Removal of electronegative impurities 

GXe and LXe purification systems 

Electron lifetime achieved: >30 ms ! 

Full TPC drift time: 2.2 ms 

📄 EPJ C77, 275 

📄 Eur. Phys. J. C 82, 1104 (2022) 

📄 Eur. Phys. J. C 82, 860 (2022) 

📄 JINST 16 (2021) 09, P09011 

Purification System 



XENONnT : What?  
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XENON10 
••••••••••••      

XENON100 •••••••••    

XENON1T 
••••••••••••    

XENONnT ••••••••••    

ER BKG RATE 
16 ± 1 

events / (t•y•keV) 

LOW-ENERGY 
ER BACKGROUND RATE 

1 

5 • 10-3 

2 • 10-4 

3 • 10-5 

Relative improvement of  
XENON detectors 

Lowest background rate ever achieved 
 in LXe-based dark matter detectors 



XENONnT : How? 
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Dual Phase Xe TPC  



XENONnT : How? 
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ER 

NR 
Neutron elastic scattering 
Neutrino CEvNS 
WIMP dark matter 

Gamma  
Beta 
Neutrino elastic scattering 
Solar axions, ALPs 

bkg   |   
bkg   | 

bkg / sig   | 
sig   | 

bkg   |  
bkg / sig   | 

sig   | 

electronic recoil 

nuclear recoil 

For ultra-low-background searches for ultra-rare events 

Nuclear vs Electronic Recoil Discrimination 



XENONnT : When? 
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PAST 
Up to 2007 

PRESENT 
2021-2026 

FUTURE 
From 2027 

More than 15 years of growing size detectors, 
always with world-leading sensitivities 

PAST 
2008-2014 

PAST 
2015-2020 



XENONnT : When? 
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SR0 

SR1 

EXCELLENT STABILITY 

PHOTOSENSORS 
after 4 years of operation 
478 of 494 PMTs still active (97%) 
with stable gain 

SIGNAL RESPONSE 
stability of both light and charge 
yields within 1% 

SCIENCE RUN 2 
ongoing 

CONSTRUCTION 

Mar 2020   |   

Jun - Dec 2020   |   

Jan – Jun 2021   | 

SCIENCE RUN 0 

Jul 2021   | 

Nov 2021   | 

SCIENCE RUN 1 

May 2022   | 

Aug 2023   | 

POST-SR1 

2023   | 

2023   | 

TPC installation 

NV installation 

Cryostat filling (LXe) 

MV/NV filling (water) 

Commissioning 

Start of SR0 

End of SR0 

Start of SR1 

End of SR1 

GdSO insertion in water 

Start of SR2 



 8B CEνNS Analysis : Data Sample 
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WIMP SR0 result 

Blind Analysis 



 8B CEνNS Analysis : Calibration 
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 8B CEνNS Analysis : Selection 
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 8B CEνNS Analysis : Background 
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 8B CEνNS Analysis : Background 
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Other subdominant backgrounds (ER, Radiogenic Neutrons,Surface,...) negligible (O(1) evt) 



 8B CEνNS Analysis : Prediction 
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 8B CEνNS Analysis : Discovery Potential 
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 8B CEνNS Analysis : Unblinding 
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 8B CEνNS Analysis : Results 
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Summary  
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XENONnT AS  
SOLAR NEUTRINO DETECTOR  

Joining the restricted club of experiments 
able to detect solar neutrinos, but with 

MUCH SMALLER TARGET MASS 
MUCH LOWER ENERGY THRESHOLD 

Solar 8B Neutrinos CEνNS in XENONnT! 



Outlook 
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C.A.J. O’Hare, Phys. Rev. Lett. 127, 251802 (2021) 

With more exposure, XENONnT will 

measure Solar 8B Neutrinos CEνNS 

with higher significance and 

better constrain Solar 8B Neutrino flux   

XENONnT is entering 
ν "fog"region 

for WIMP search!   



Backup 
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Stability 
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Purity 
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Calibration 
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Fiducial Volume 
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Other Backgrounds 
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AC Background 
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AC Background S1 Discrimination 

IRN Neutrino, October 10th, 2024 B.Andrieu                                                                       First Indication of 8B Solar Neutrinos CEvNS in XENONnT  -   30 



AC Background S2 Discrimination 
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AC Sideband Unblinding 
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SR0 TimeShadow Cut 
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SR1 TimeShadow Cut 
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