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Scintillation VS Ionisation
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Linear Energy Scale for ER
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Linear Energy Scale for ER
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XENON1T
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Linear Energy Scale for ER

66

XENONnT: 
PRD 111 (2025) 6, 062006
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ER vs NR
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ER vs NR: Quenching
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ER vs NR: Larger recombination in NR

69

NR: higher dE/dX -> higher recombination ->  
reduced charge signal compared to light -> smaller charge/light ratio
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Light and Charge Yield of NRs
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Light and Charge Yield of ERs
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Light and Charge Yield of ERs

73

0.27 and 2.8 keV
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NEST simulations
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https://nest.physics.ucdavis.edu

https://nest.physics.ucdavis.edu
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NEST simulations
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ER NR

https://nest.physics.ucdavis.edu

https://nest.physics.ucdavis.edu
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NEST simulations
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https://nest.physics.ucdavis.edu

https://nest.physics.ucdavis.edu
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NEST simulations
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https://nest.physics.ucdavis.edu

https://nest.physics.ucdavis.edu
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NEST simulations

78
https://nest.physics.ucdavis.edu

https://nest.physics.ucdavis.edu


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

Electron Drift Velocity and Diffusion

79

Vd = O(mm/us)
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Light Absorption and e- Attachment
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Light Absorption and e- Attachment
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Purification System
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XENON100
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Purification System
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XENON1T
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Purification System

84

XENONnT



Noble liquid detectors 
(mostly LAr and LXe  
double-phase TPC)
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Type of Liquid Noble Detectors
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LNoble Detectors: Double Phase TPC
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LNoble Detectors: Double Phase TPC
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Particle Discrimination in 2-phase TPC
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Particle Discrimination in 2-phase TPC
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LAr TPC evolution
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DarkSide-50 and -20k

94

DarkSide-50

DarkSide-20k
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LAr results: DarkSide-50 & DEAP-3600 

95

DarkSide-50, PSD+radial+S2/S1 cut

DarkSide-50, PSD-only

 37 kg x 532 live-days

DarkSide-50, arXiv:1802.07198

PSD, 9870 kg-days

DEAP-3600, arXiv:1707.08042
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LAr: DarkSide-50 S2-only result

96

Phys.Rev.D 107 (2023) 6, 6
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Underground Argon
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Underground Argon
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LAr: DarkSide-20k
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LAr: DarkSide-20k
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LAr: DarkSide-20k
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LAr: DarkSide-20k
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LAr: DarkSide-20k
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          WIMP detectors from the XENON-series

104

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 2020-2025
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



Impressive evolution of LXeTPCs

105

0.02



Marco Selvi                               Dark Matter Direct Detection Review                    Vulcano Workshop, 26 Sept 2022, Isola d’Elba

Evolution of LXeTPC detectors

106

(from T. Marrodan)
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           (previous) detectors using the LXeTPC

107

48 cm 60 cm 100 cm

XENON1T
Active Target: 2000 kg

completed in 2018

PandaX-II
Active Target: ~580 kg

completed

LUX
Active Target: ~250 kg

completed
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The XENON1T Experiment @ LNGS
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The XENON1T Experiment @ LNGS
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XENON1T: All Systems

109

E. Aprile et al.,  
“The XENON1T Dark Matter Experiment”, 
EPJ C 77, 881 (2017).

www.xenon1t.org
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XENON1T: All Systems

109

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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Gd-Water Cherenkov Muon and Neutron Veto

• 700 ton pure water instrumented with 
84 high-QE 8'' PMTs 

• Trigger efficiency > 99.5% for muons 
in water tank 

• Cosmogenic neutron background  
suppressed to <0.01 events/ton/yr 

• For XENONnT, 120 more PMTs, inner 
reflective region, and Gd-doping to 
reduce neutron background

110

JINST 9, 11007 (2014)

July 2016Sep 2014

Key contribution of INFN-Bologna researcher and technical staff

June 2020 ?

http://dx.doi.org/10.1088/1748-0221/9/11/P11006
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Summary of prev-gen LNoble results

• CDMSlite: HV operation


• low threshold: down to 56 eVee


•

111

arXiv:2104.07634
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The XENON1T NR band

Detector with:

- Low background: 76 ± 2 events/t/yr/
keV

- Low threshold:    ~5 keVNR

- Large exposure (mass, livetime): 1 
tonne x year

Combination of S1 and S2 signals allow:

- Position reconstruction

- Energy reconstruction

- ER/NR discrimination

112

Most stringent result on WIMP Dark 
Matter down to 3 GeV/c2 masses 

[PRL 121, 111302 + PRL 123, 251801]
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The XENON1T ER band

Detector with:

- Low background: 76 ± 2 events/t/yr/
keV

- Low threshold: 1 keVee

- Large exposure (mass, livetime): 1 
tonne x year

Combination of S1 and S2 signals allow:

- Position reconstruction

- Energy reconstruction

- ER/NR discrimination

113

Now use ultra-low ER background to 
search for excesses in ER band.



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

The XENON1T ER excess

• CDMSlite: HV operation


• low threshold: down to 56 eVee


•

114
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The XENON1T ER excess

• CDMSlite: HV operation


• low threshold: down to 56 eVee


•

115

PRD 102, 072004 (2020)Possible interpretations:
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XENONnT ER results (July 2022)

116

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, accepted by PRL

Nuclear recoil data are 
still blinded  

WIMP search results 
soon
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LXe TPCs: present and future
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PandaX-4T

118

0.63 tonne x year exposure
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LUX-ZEPLIN

119

• First (not blinded) results presented in July ‘22
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Recent results from LZ

LZ: Phys. Rev. Lett. 135 (2025) 1, 011802



from XENON1T 



to XENONnT 
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XENONnT: main upgrades

123
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XENONnT TPC

124

The making of the XENONnT TPC 
https://www.youtube.com/watch?v=58OjXiONghU
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127XENONnT performances: Kr/Ar and Rn 
Marco Selvi | selvi@bo.infn.it

mailto:selvi@bo.infn.it


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

XENONnT Rn distillation

128



129ER: Rn removal -> solar pp neutrinos 
Marco Selvi | selvi@bo.infn.it

Radon Removal in XENONnT down to the Solar Neutrino Level, arXiv:2502.04209, accepted by PRX

mailto:selvi@bo.infn.it
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XENONnT nVeto
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XENONnT nVeto

131

• Gd-loaded Water: 0.2% of Gd in mass  
-> 3.4 t of Gd-sulphate-octahydrate; 
(technology from EGADS-SK colleagues)


• Cerenkov light is seen by additional 120 8”  
PMTs placed in water around the cryostat;


• high-reflectivity foil to confine an inner nVeto  
region with high light collection efficiency.

Neutron tagging efficiency:

85% with 0.2% Gd,

65% with pure water


(requiring a threshold of 10 PMTs in 
coincidence)

Making the nVeto:  
https://www.youtube.com/watch?v=xb6aXrbGMR8
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Gd-doped Neutron Veto (2023)

132



Marco Selvi - INFN Bologna                               Review of Direct Dark Matter Detection                    Invisibles24, 2nd July 2024, Bologna

Gd-doped Neutron Veto (2023)
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133nVeto performance with GdWater
Marco Selvi | selvi@bo.infn.it
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134XENONnT Science Runs 0 and 1
Marco Selvi | selvi@bo.infn.it

I dati analizzati e i 
risultati pubblicati 

fino ad ora si 
riferiscono ai 

Science Run 0 e 1

mailto:selvi@bo.infn.it
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137XENONnT 8B results
Marco Selvi | selvi@bo.infn.it

Phys.Rev.Lett. 133 (2024) 19, 191002
arXiv:2408.02877
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141XENONnT 8B results
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142Electrode Replacement in the TPC
Marco Selvi | selvi@bo.infn.it

XENONnT

LZ

Despite the lower ER background, in XENONnT the most important background in the  
WIMP ROI comes from ER recoils leaking into the NR band, due to the lower E-field.

mailto:selvi@bo.infn.it
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145New electrodes assembled and tested
Marco Selvi | selvi@bo.infn.it

Cathode (hexagonal mesh) Anode (reinforced ring, higher wire tension)

Successfully tested in LXe in 2024.

mailto:selvi@bo.infn.it


next step beyond 
XENONnT: XLZD



154next-gen LXe exp.:  XLZD

450 ricercatori (PhD excluded), 70 istituzioni, 16 nazioni 
Spokespersons: Dan Akerib (LBNL), Marc Schumann (U. Freiburg) 

Exec Committee: H. Araujo (Imperial), L. Baudis (Zurich), P. 
Decowski (NIKHEF),  

T. Fruth (Sydney), H. Lippincott (UCSB), K. Ni (UCSD), K. Palladino 
(Oxford), M. Selvi (INFN Bologna), K. Valerius (KIT), M. Yamashita 

(Tokyo)

XLZD Consortium -> Collaboration

XLZD meeting in July 2025 @LNGS
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XLZD -> next-gen LXe detector

155



156XLZD scale & goals

Nominal 
(60 t active)

Opportunity 
(80 t active)

Early phase 
(<40 t active)

3m
3m



157Sites for XLZD 

WIMP search

Xe137 activation for 0n2b search

Site shortlisting: 
 
- Boulby (UK) 
- Kamioka (Japan) 
- LNGS (Italy) 
- SNOLab (Canada)  
- SURF (US) 
 
Kamioka is too shallow, 
the others are fine. 

LNGS is the only one where 
no excavation is needed. 

Decision by 2026.



158Design studies for XLZD @LNGS 

4m-wide corridor to bring big 
stuff in

20 t + 20 t 
Cranes
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Direct Detection of WIMPs by 2035?

159

nT, LZ  
projections
DarkSide-20k 
DARWIN
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