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Outline
General Characteristics of Signal and Backgrounds:
- WIMP signal features
- Main backgrounds (Natural Radioactivity, Cosmic Rays, Neutrinos, …)
- Techniques to mitigate backgrounds (screening, passive and active shield, distillation, 
ER/NR discrimination, pulse shape discrimination,…)
- Generalities on DM detectors

Properties of Noble liquids (Xenon e Argon) as particle detectors:
- Mechanism of scintillation, ionization, impact of impurities
- Different response in light and charge for different kind of particles: electron e nuclear 
recoil discrimination
- (Single and) Double Phase Time Projection Chambers
- Examples from state-of-the-art detectors

Suggested review papers:
• Dark matter direct-detection experiments (T. Marrodan et al.)
https://arxiv.org/abs/1509.08767
• Dark matter direct-detection of classical WIMPs (J. Cooley)  
https://arxiv.org/pdf/2110.02359.pdf
• PDG Chapter on DM
https://pdg.lbl.gov/2025/reviews/astro-cosmo.html
• APPEC Committee report (2021)
  https://arxiv.org/abs/2104.07634
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* many thanks to  
E. Aprile, L. Baudis, G. Bertone, G. Fiorillo, T. 
Marrodan, K. Palladino, K. Ni,  M. Schumann 

for useful materials used in these lectures

https://arxiv.org/pdf/2110.02359.pdf
https://arxiv.org/abs/2104.07634
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Dark Matter exists
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What is Dark Matter made of ?
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Characteristics of  
DM Signal & Backgrounds 
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We live in a dark matter halo
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          WIMP density and velocity distribution
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X

0.47
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Direct Dark Matter Detection
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Expected Rates
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Nuclear Recoil Energy Spectrum
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Nuclear Recoil Energy Spectrum
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           Detector requirements and signatures
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…a needle in a haystack
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          Backgrounds: Electron & Nuclear Recoils

14



Marco Selvi (INFN Bologna)                        Direct DM Detection with Noble Liquids                  “Theory meets Experiments” @GGI, 2025 

Underground laboratories
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Underground laboratories
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          Laboratori Nazionali del Gran Sasso
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LNGS
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LNGS
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LNGS
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Natural Radioactivity
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Natural Radioactivity
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Natural Radioactivity
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Natural Radioactivity

23



Marco Selvi (INFN Bologna)                        Direct DM Detection with Noble Liquids                  “Theory meets Experiments” @GGI, 2025 

Material Screening
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Material Screening
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Passive Shielding
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Screening and MC-DATA matching
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XENON100
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Active Shielding
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Active Shielding
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XENONnT: 

Muon Veto 

Neutron Veto 

TPC inside the Cryostat 
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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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Decreasing Internal Backgrounds
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Underground ArCryogenic Distillation  
to remove Kr and Rn from Xe



Marco Selvi (INFN Bologna)                        Direct DM Detection with Noble Liquids                  “Theory meets Experiments” @GGI, 2025 

          The ultimate background from neutrinos
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NRER
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Summary of main backgrounds
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WIMPs Gammas Internal Beta Neutrons Neutrinos
Single/
Multiple

SS SS/MS SS SS/MS SS
Fiducial 
Volume

Uniform Mostly outer Uniform Mostly outer Uniform
ER/NR NR ER ER NR ER/NR
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Detector Calibration
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           Detector Calibration: Signal & Background
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           Sensitivity plot in direct DM experiments
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Direct detection Techniques
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Competitive field, rapid progress
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detector sensitivity improved by ~5 orders of magnitude in the last 20 years
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Two main lines of improvements
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Noble liquid properties  
as particle detectors
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Noble Liquids as Particle Detectors
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Noble Liquids as Particle Detectors
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Noble Liquids as Particle Detectors
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Noble Liquids as Particle Detectors
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Gamma and Neutron Interactions in LXe
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Energy Loss in Noble Liquid
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Ionization electrons
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Ionization electrons
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Scintillation photons
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Exciton Excimer
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Scintillation photons
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Scintillation photons
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Scintillation photons
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Pulse Shape Discrimination in Ar
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Scintillation&Ionization mechanism
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Scintillation VS Ionisation
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Scintillation/Ionization vs Electric Field
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