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Particle Dark Matter
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WIMP hypothesis is still alive
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Direct Dark Matter Detection
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• Low rate (< ev/ton/yr) 
-> Large mass and time stability 

• Low energy: O(keV) 
-> Small Energy Threshold 

• Very low background mandatory 
-> ER/NR discrimination
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Nuclear Recoil Energy Spectrum
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Liquid Noble Detectors
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Liquid Noble Detectors: Double Phase TPC
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Backgrounds: Electron & Nuclear Recoils
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Backgrounds: external sources
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Backgrounds: internal sources
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, distillation, dust removal
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The ultimate background from neutrinos
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NRER
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Evolution of LXeTPC detectors
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0.03

2020
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Evolution of LXeTPC detectors
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(from T. Marrodan)
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Summary of prev-gen Noble Liquid results
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arXiv:2104.07634
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Current and next steps: LXe TPCs
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LUX-ZEPLIN @SURF (US)
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• First (not blinded) results presented in July ‘22
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LUX-ZEPLIN new results (July 2022)
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XENONnT @LNGS

18



Marco Selvi                               Liquid Detectors: LXe TPC for Dark Matter and Rare Event Search                    IFD2022, 18 Oct 2022, Bari

XENONnT
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• Completed construction in 2020

• Commissioning in first half of 2021

• Currently in Science Run
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XENONnT new results (July 2022)
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136X
124

2nd order 

Zoom in the low-energy region:  
no discrepancy from the bkg model

Energy spectrum dominated 
by 2nd-order weak processes

Excellent agreement with our background model.
Lowest ER background ever achieved in a DM experiment: 

No trace of 3H, even in the Tritium-enhanced run

Set new best limits on Solar Axions,  magnetic moment, ALPs, …

(16.1 ± 0.3) events/(t × yr × keV)

ν

XENONnT key performances in SR0:
 electron lifetime,  

 radon concentration
> 10 ms

1.77 ± 0.01 μBq/kg arXiv:2207.11330, published on PRL

Nuclear recoil data are 
still blinded  

WIMP search results 
soon
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Comparison of the ER bkg in LXe detector
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XLZD -> next-gen LXe detector
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XLZD -> next-gen LXe detector
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XLZD -> next-gen LXe detector (DARWIN)
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Various ongoing R&D on Rn, photosensors, electrodes

•  Decrease the Rn content by (another) factor 10
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Main Challenges for next-gen LXe detectors
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•Xenon procurement  
(costs and availability complicated by the Russia-Ukraine crisis)  

•Xenon handling 
(cooling and purification already fit the requirements) 

•Rn removal  
•Photosensors        (various ideas on the table, R&D ongoing) 
•Electrodes 

•Neutron Veto 
(see A. Mancuso speed talk) 

see A.D. Ferella speed talk
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Direct Detection of WIMPs by 2030?
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nT, LZ  
projections
DarkSide-20k 
DARWIN
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Speed Talks on Liquid Detectors - IFD
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SpeedTalks (7’):

• F. Di Capua (Dark matter search with liquid argon)
• A. Falcone (SiPM per basse temperature)
• M. Torti (Tecnologia Power over fiber per Photon Detectors a temperature 

criogeniche)
• A. D. Ferella (New ideas on Photosensors & Electrodes for DARWIN, the 

Next-Gen LXe TPC)
• A. Mancuso (Gd-loaded water Cherenkov detector as neutron veto for rare 

event searches)
• F. Ferraro (Detection of Cherenkov light in liquid scintillators)
• A. Simonelli (ANDIAMO, an innovative acoustic neutrino telescope proposal)
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𝜈𝜒Solar neutrino & detectors
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P. Sorensen talk  
@Neutrino2016



Marco Selvi (INFN Bologna)   Neutrino Physics with DM experiments               NNN17, 27th October 2017 

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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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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0nu2beta search in DARWIN
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Contributo anche del gruppo INFN-LNGS 
sia nella pompa Barber-Nichols per il 
ricircolo dello xenon liquido, sia per la 
seconda magnetic piston pump per il 

ricircolo in gas, realizzata custom al LNGS.

mailto:selvi@bo.infn.it
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