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~200 Members
29 Institutions

XENON Collaboration
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XENON Dark Matter Project

L. Althüser ς25.11.25 

Å XENONnTexperiment
Å Located @LNGS in Italy
Å Depth of 3600 m water equivalent
Å Muon Veto and Neutron Veto 

(~700 t ultrapure water, 
prepared for Gd-loading)

Å Time Projection Chamber with 
5.9 t of LXe in the active region and 
8.6 t in total in the system

Eur. Phys. J. C 84, 784 (2024)

XENON100

Legend -200

XENON1T/nT Borexino
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Detector Calibration 
and Response Modelling

L. Althüser ς25.11.25 

ER response model

Å For data blinding, detector response validation
Å 212Pb from 220Rn (flat ‍-spectrum) for cut acceptances and threshold
Å 37Ar, (mono-energetic 2.8 keV peak, ὸȾ συÄ) as high statistics 

anchor for the low-energy response and resolution models

NR response model

Å 241AmBe, external source with clean NR selection via coincident 
tagging with the neutron Veto

ER

NR

NR (NuclearRecoils)

WIMP DM, neutrons, CEvNS

ER (ElectronicRecoils)

ʴΣ ʲ ōŀŎƪƎǊƻǳƴŘǎΣ ŘŀǊƪ ǇƘƻǘƻƴ

241AmBe

220Rn

37Ar

Phys. Rev. Lett. 131, 041003 (2023) [2303.14729]
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XENONnT Detectors

L. Althüser ς25.11.25 

Dual-phase LXe TPC

Å 1.3 m ( ) x 1.5 m
Å 8.5 t LXe in total (2.5x XENON1T)
Å 5.9 t LXe instrumented (3x XENON1T)
Å 494 3-inch PMTs (2x XENON1T)

Neutron Veto (NV)

Å Gd-loaded water Cherenkov detector
Å 120 8-inch PMTs

Muon Veto (MV)

Å Water Cherenkov detector 
Å 700 t ultra-pure water 
Å 84 8-inch PMTs

XENONnT: JCAP11 031 (2020)
XENONnT: Eur. Phys. J. C 84, 784 (2024)
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XENONnT Cryogenics System

L. Althüser ς25.11.25 
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Recovery and Storage for Xenon (ReStoX)

ReStoX: Eur. Phys. J. C (2017) 77: 881
XENONnT: Eur. Phys. J. C 84, 784 (2024)

L. Althüser ς25.11.25 
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ReStoX 1

Å 2.1 m diameter sphere, 73 bar maximum pressure

Å Build for XENON1T and used for XENONnT

Å Capacity of 7.6 tonnes (LN2: 35 kg/d)

Å Recovery speed of 50 kg/h (LN2: 25 kg/h)

ReStoX 2

Å 1.45 m diameter, 5.5m height, 71.5 bar maximum pressure

Å Build for XENONnT to enable fast recovery

Å Capacity of 10 tonnes (LN2: 0 kg/d)

Å Recovery speed of 1 tonne/h (LN2: 8 tonne)
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XENONnT Cryogenics System

L. Althüser ς25.11.25 
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Cooling/Liquefaction

Å Heat load <200 W (including purification systems)

Å Redundant Iwatani PC150 pulse tube refrigerators
with 250 W @ 177 K (LXe temperature)

Å One PTR can be serviced while the other is in operation

Å Backup LN2 cooling system with custom LN2/LXe heat 
exchanger reaching >500 W

XENONnT: Eur. Phys. J. C 84, 784 (2024)
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Ionization Electrons attach to electronegatives

Å Drifting electrons attach to impurities along the drift

Å S2 size is reduced, lower sensitivity for small signals

Å Distorted S2 signals from deep interactions

Xenon purity is expressed as electron lifetime Ⱳ▄

Å Time over which the number of drifting electrons ὔ is 
reduced by a factor 1/e due to attachment

Å Attachment depends on specific rate constant Ὧand 
concentration ὅ

Electronegative Impurities in XENON

L. Althüser ς25.11.25 

†
В В/ /

ὔ ὸ ὔ πὩ Ⱦ

Deep S2S2

Illustration: M. Murra
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ὲ ɤ ὼ+ (GXe/LXe migration)

Removal Model for Electronegatives

L. Althüser ς25.11.25 

Illustration: M. Murra

O2 mole fraction
Removal term

(total mass, removal efficiency, flow rate)

Source term

(surface desorption)

Startup 

dominated by 

removal rate

Final purity 

depends on 

source rate vs 

removal rate
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Gaseous Xenon Purification in XENONnT

GXe Pumps: Eur. Phys. J. C (2018) 78: 604
XENONnT: Eur. Phys. J. C 84, 784 (2024)

L. Althüser ς25.11.25 

Upgraded XENON1T Purification

Å 2x SAES heated getter (PS4-MT50-R) with 
Hydrogen Removal Units (HRUs) (tritium removal)

Å 2x Custom-developed magnetically-coupled piston 
pumps (radon-free, 1.9 bar ҟP at 100 slpm)

Å Limited by the GXe pump flow of 60 ς100 slpm

Å Handles the injection of radioactive sources for calibration

Å Developed for a turn-around time of 7 days for 3.2 tonne

11 
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Liquid Xenon Purification 
in XENONnT

LXePUR Development: Eur. Phys. J. C 82, 860 (2022)
XENONnT: Eur. Phys. J. C 84, 784 (2024)

L. Althüser ς25.11.25 
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Å Goal:<0.1 ppb O2-equivalent conc. in 7 days

Å LXe extracted from the bottom of the cryostat

Å Sub-cooled by a LXe-LN2 heat exchanger

Å Pumped using two redundant LXe pumps

Å Purified by custom-designed purifier

Å Volumetric flow rate of 1-4 LPM

Å Turn-around time of 0.9 days for 8.6 tonne
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Liquid Xenon Purification in XENONnT

Pumped using two redundant LXe pumps

Å Barber Nichols Pump (BNCP-32C-000)

Å Magnetically-coupled shaft partial emission centrifugal 
cryogenic liquid pump

Å Satisfies requirements of cleanliness, efficiency, low heat 
influx, and liquid flow rate

Å Minimal down time during annual pump maintenance

Two custom-designed redundant LXe purifiers

Å Independent vacuum insulation enclosures

Å In-situ regeneration while other unit is in operation

Å High efficiency Engelhard Q5 purifier (high Rn) at low purity

Å Lower efficiency SAES St707 filter (low Rn) normal operation

Å Purity can be kept >1 year without regeneration
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Liquid Xenon Purification in XENONnT

LXePUR Development: Eur. Phys. J. C 82, 860 (2022)
XENONnT: Eur. Phys. J. C 84, 784 (2024)

L. Althüser ς25.11.25 
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Purification Strategy

Å Initial purification with high-efficiency purifier (Q5) to clean 
xenon bulk, but with high radon emanation

Å Switch to lower efficiency purifier (St707) to maintain purity 
with low radon emanation during science data taking

5 ms in 5 days!

Performance during science data taking

Å Flow rate of 2 LPM

Å Turn-around time of 0.9 days for 8.6 tonne

Å Achieved electron lifetime up to 20 ms

Å About 90% of the electrons survive the full drift (1.5 m)


