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Direct dark matter search with xenon detectors

and their potential in neutrino physics

www.xenon1t.org
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WIMP direct detection
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Which target ?
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… choose Xenon !!
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since 1968 (L. Alvarez)
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since 1968 (L. Alvarez)
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…then Compton telescopes, EM calorimeter, DM, , PET…0ν2β
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Xenon properties
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Xenon properties

86

Ø High A: large number of SI interactions

Ø Self shielding: high Z=54 and  and high 
density ρ=2.83 kg/l 

Ø Scalability: possibility to build compact 
detectors, scalable to larger dimensions

Ø Odd-nucleon isotopes: high A=131 with 
~50% of odd isotopes. Good for SD.

Ø Wavelength 178 nm: no need for a wave-
length shifter

Ø Intrinsically pure: 136Xe has very small 
decay rate; Kr can be removed to ~ppt

Ø Charge & light: highest yield among the 
noble liquids

Ø “Easy” cryogenics: -100 °C

18 evts/100-kg/year
Eth = 5 keVnr

8 evts/100-kg/year
Eth = 15 keVnr

<
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LXe: Single Phase
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LXe: Double Phase
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LXe/GXe Time Projection Chamber
A. S. Barabash and A. I. Bolozdynia, 1989,JETP Lett.,49, 356.
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LXeTPC evolution
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0.02

2020
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The XENON project @LNGS
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M. Schumann (AEC Bern) – XENON 8

XENON1T

96cm

● 3.5 t liquid xenon in total
● 2.0t active target
● ~1t after fiducialization
 

● 248+6 PMTs

XENON10 XENON100 XENON1T XENONnT

2005-2007 2008-2016 2012-2018 2019-2023
25 kg - 15cm drift 161 kg - 30 cm drift 3.2 ton - 1 m drift 8 ton - 1.5 m drift

~10-43 cm2 ~10-45 cm2 ~10-47 cm2 ~10-48 cm2
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The XENON1T Experiment @ LNGS
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XENON1T: All Systems
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E. Aprile et al.,  
“The XENON1T Dark Matter Experiment”, 
EPJ C 77, 881 (2017).

www.xenon1t.org

Cryogenics & 
Purification

DAQ & SC 

Xe  Storage & 
Recovery

Kr distillation 
column  & Xe 

Analytics
Cryostat &  LXeTPC

Muon Veto
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The XENON1T TPC
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3.2 t LXe @180 K 
2.0 t active target 

viewed by 248 PMTs 
~1 meter drift length  
~1 meter diameter

The largest liquid noble TPC ever operated for Dark Matter Search
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  ER and NR Backgrounds
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XENON1T results
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Spin-independent  
WIMP-nucleon  

Elastic Scattering

PRL 121, 111302 (2018)

PRL 123, 241803 (2019)
PRL 123, 251801 (2019)
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XENON1T results

18

76 ± 2 events/keV/t/yr  
in [1, 30] keV 
(2.e-4 dru)

World record ER background:

Solar neutrinos
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XENON1T results
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Energy resolution and linearity in the MeV energy range 
Eur. Phys. J. C 80 (2020) 8, 785  - arXiv:2003.03825

Reconstruct energy from combined 
S1 and S2 signals  
Anti-correlation between light and 
charge for optimal resolution  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XENON1T results
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37Ar calibration: 2.8 keV x-ray peak

Reconstruct energy from combined 
S1 and S2 signals  
Anti-correlation between light and 
charge for optimal resolution  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XENON1T results

21



Marco Selvi                  Xenon Detectors for DM and neutrinos                  Congresso SIF 2020

XENON1T results
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Observation of Excess Electronic Recoil Events in XENON1T 
arXiv:2006.09721
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XENON1T results
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Observation of Excess Electronic Recoil Events in XENON1T 
arXiv:2006.09721
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next step: XENONnT
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next step: XENONnT
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16 March 2020:  
closed the cryostat

11 Sep 2020:  
completed nVeto installation
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next step: XENONnT
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arXiv: 2007.08796, submitted to JCAP 
(Corresponding author: Pietro Di Gangi, post-doc INFN Bologna, MonteCarlo WG leader)
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near future: LZ
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near future: LZ
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near future: PandaX-4T
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future: DARWIN
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future: DARWIN
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future: DARWIN
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future: DARWIN
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𝜈𝜒Solar neutrino & detectors
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P. Sorensen talk  
@Neutrino2016
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𝜈𝜒Measuring pp neutrinos
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• XENONnT/LZ could reduce the uncertainty on the pp flux to 2.2%  
(currently Borexino is @10%)  

• DARWIN (50t LXe) could bring this down further, to ~1%  

• Need to reduce Rn by a factor >10

JCAP 1611 (2016) no.11, 017
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𝜈𝜒Solar neutrino NR
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as seen by LZ / XENONnT
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𝜈𝜒Neutrinos from SN
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R. Lang, C. McCabe, S. Reichard, M.S., I. Tamborra,   
"Supernova neutrino physics with xenon dark matter detectors”, Phys. Rev. D 94 (2016) no.10, 103009.

Events per ton of Xe

Low energy events -> S2-only analysis  
(in the few s burst duration the background rate is small enough: 0.02 / (t s) )

CEvNS with xenon nuclei: not affected by neutrino oscillation
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future: DARWIN
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𝜈𝜒Neutrinos as ER calibration
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With a 10 MCi 51Cr source 
~210 events / (t * day) 

  
(only 6 in the low energy  

region of interest)
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𝜈𝜒Neutrinos as NR calibration
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• An O(10 MeV) beta-beam -> CNNS NR

Accelerate an 6He nucleus (end point at rest: 3.5 MeV)  
up to gamma = 10 (end point 70 MeV) 

CNNS produce a "few keV->tens of keV" NR,  
uniformly distributed in the detector,  
with very well know energy spectrum.
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Summary plot
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Thanks !

www.xenon1t.org
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