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XENON Collaboration Meeting © Maxime PierreÅ180 scientists, 
31 institutions, 
12 countries

Å INFN Laboratori 
Nazionali del Gran 
Sasso (LNGS)

ÅDual phase liquid-
gasxenon time 
projection chamber

ÅPrimary goals to 
search for dark 
matter, e.g., 
Weakly Interactive 
Massive Particles 
(WIMPs) 
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The XENON Collaboration



First observation of solar neutrino-
electron scattering at the lowest 

neutrino energy (down to 17 keV), 
reaching 5.0Ɑ statistical significance

Likelihood fit of the 
electron-recoil spectrum, 
with lowest  achieved  
background level in 

liquid xenon and precise  
constraints on each 

component



1930s Hypothesis  
Pauli hypothesizes the neutrino; 
developments in stellar 
nucleosynthesis identify the Sun 
could be a massive neutrino 
source

1956 Detection
Reines and Cowan first detect 
reactor neutrinos, opening the 
door to neutrino physics 
measurements

1968 Anomaly
The Homestake 37Cl experiment 
successfully detects solar 
neutrinos but reveals a severe 
anomaly, observing only  of 
the predicted flux

Prediction from solar model
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(A Brief) History of Neutrinos from the Sun 

B. T. Cleveland et al., ApJ 
volume 496, page 505 (1998)



1980s to 1997 Confirmation
Gallium experiment (GALLEX/GNO and 
SAGE), as well as (heavy) water 
Cherenkov detector (Kamiokande) 
confirm this deficit, consolidating the 
Ùsolar neutrino problemÚ

1998 to early 2000s Solution
Data from Super-Kamiokande, SNO, 
and reactor neutrino experiments 
establish neutrino oscillation via the 
MSW-LMA* effect as the standard 
solution

2000sÕ2010s Verification
Liquid scintillator experiment Borexino 
confirms the MSW-LMA framework by 
directly measuring all major solar 
neutrino production channels

CC = charge current, NC = neutral current, ES = elastic scattering
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(A Brief) History of Neutrinos from the Sun 
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Solar neutrino flux is determined by the Standard Solar 
Model, neutrino oscillations, and the MSW matter effect

TODAY

Borexino Collab., Nature volume 562, pages 505ς510 (2018)* MSW-LMA: MikheyevÕSmirnovÕWolfenstein 
Large-Mixing-Angle solution
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Combining S1 and S2 signals:
Å3D position reconstruction for 

fiducial volume selection
ÅER selection via charge-to-light 

ratio

Dual-phase Time Projection Chamber
Electron 
Recoil (ER)

Å Ὁ ᶿ ὲ ὲ ᶿ

For precise determination of energy scale , 
energy resolution  and energy bias
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ÅElastic neutrino -electron scattering:

’ Ὡ ᴼ’ Ὡ

ÅSensitive to all flavours with different 
weights:

„ȟ
„ πȢρυτ

ÅContribution from pp neutrinos: 
ωͯπϷ

ÅER like signal, ER energy threshold: 
ρͯ ËÅ6

ÅSolar neutrino energy threshold:
ͯ  ἳἭἤ

Coherent Elastic ⱨ Nucleus Scattering from 
8B neutrinos  (nuclear-recoil signal)
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Solar Neutrino in XENONnT 

XENON Collab., Phys. Rev. 
Lett. 137, 091807 (2026)

E. Vitagliano et al., Rev. Mod. Phys. 
volume 92, page 045006 (2020)
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Expected signal

Å Free Electron Approximation (FEA) with 
stepping corrections for binding energy 

Å Relativistic Random Phase Approximation 
(RRPA) accounting for relativistic effect 
and  electron-electron correlation
J.-W. Chen et al., Physics Letters B volume 774, pages 
656ς661 (2017)

Region of interest

Å ER energy range of [1, 140] keV

Solar Neutrinos: Electron Recoils from Neutrinos
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Towards the measurement of solar neutrino
2022 ER Analysis 

Published the first ER data analysis 
focusing on solar axion searches 

Data vs. Model 

Observed good agreement between 
data and the background model 

Neutrino Signal 

Elastic neutrino-electron scattering 
constitutes ~  of the low-energy 
spectrum 

Next Steps 

A dedicated neutrino analysis 
requires improved constraints on 
other backgrounds (e.g., 214Pb, 85Kr, 
and ɾ-rays)
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-bqØp jlsb ql qeb 
underground 

experimental site 
with Ting!



Borexino

GALLEX/GNO 

Using 30 tonnes of Gallium-71 to detect solar pp via neutrino capture 
(charged-current) with integrated flux in 1-month bin

Borexino 

Using 280 tonnes of liquid scintillator to detect solar pp via elastic neutrino-
electron scattering (charged and neutral-current) with real-time detection 

Overburden 

1400 m of rock (3800 km water equivalent) shielding against cosmic rays

GALLEX/
GNO

LNGS National Laboratory
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Muon veto 

Gadolinium-loaded water Cherenkov detector, actively 
tagging events from remaining cosmic muons

Neutron veto 

Gadolinium-loaded water Cherenkov detector, actively 
tagging the neutron background from the environment. Vital 
for WIMP dark matter search

Muon Veto 
Water Tank

Neutron Veto

Gadolinium

Doping Plant

Active Veto Systems

Super-KamiokandeCollab. NIM A 1027 (2022) 166248
XENON Collab., Eur. Phys. J. C volume 85, page 695 (2025) 15/39



Å Trace radioactive impurity in detector 
materials, such as  238U and 232Th 

Å Material screening campaign (ɾ-ray 
spectroscopy, mass spectrometry, 
and 222Rn emanation) to ensure the 
selection of strictly radiopure 
components

Å Degreasing, etching, passivating 
further improve the radiopurity from 
the surface

Material Screening

Material Background

Fiducial
Volume

(~  tonne)

♬

♬

XENONCollab., Eur. Phys. J. Cvolume82, page599(2022)

Significant reduction from 
fiducial volume selection; 
excellent self shielding of ɾ-rays 
due to high density of liquid 
xenon (ͯ σ g/cm3)
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Å Geant4/waveform (WFsim) simulation maps out full ‎ spectrum

Å This analysis focuses on [1, 140] keV for solar pp neutrino search; 
detector effect important at low energy

Å Comparing simulation to data 2 cm outside the fiducial volume, 
from which we derived the systematic uncertainty level of: ρςϷ

Material Background
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https://zenodo.org/records/5579717
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Å Removing electronegative impurity, e.g., O2, H2O: 
Improves signal quality and detection threshold

Å Gas purification radon-free magnetic piston pump 
and hot getter

Å Liquid xenon pump and liquid purification with filter 
materials: 

Å Q5: copper catalyst on high-surface-area alumina
Å St707: sintered pellets of non-evaporable alloy 
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Xe Purification

19/39G. Plante et al., Eur. Phys. J. C, 82, 860 (2022)



Å Cannot be removed by fiducialization or any onsite means

Å 136Xe 2ʉɼɼ significant background in the solar pp search

Å 124Xe double-electron capture half-life measured by 
XENON1T in 2019. It is now also a background

Å Have specific spectral shapes, and therefore more readily 
distinguishable

136Xe 2’‍‍

124Xe
KK-capture124Xe

KL-capture

XENON Collab., Nature volume 568, pages 
532ς535 (2019)

Intrinsic Xe Background
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