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 The XENONnT experiment: 
Recent status and updates
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The XENON Project + DARWIN

XENON10 XENON100 XENON1T XENONnT

Years 2005 - 2007 2008 - 2016 2012 - 2018 2019 - now
Total Xe mass 25 kg 161 kg 3200 kg 8600 kg

WIMPs sensitivity ~10-43 cm2 ~10-45 cm2 ~10-47 cm2 ~10-48 cm2

XENON experiments
• The (main) target of XENON project: Direct detection of dark matter 

• WIMPs, ALPs, … 

• Other physics targets: Solar axions, neutrino physics, …



XENON experiments: liquid xenon TPC
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Two-phase Xe Time Projection Chamber as WIMP detector
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• Particle interactions in LXe lead to primary 
scintillation (S1) and the release of ionization 
electrons

• Ionization electrons drift towards the liquid-
gas interface under the uniform electric field, 
get extracted and accelerate in the GXe, 
producing secondary scintillation (S2), whose 
magnitude is proportional to the number of 
extracted electrons

• Electron lifetime is used to characterize the 
absorption of the ionization electrons drifting 
in LXe by electronegative impurities (mainly 
oxygen):

Qf = Qie− td
τe ⇒ τe = td

−ln(Qf /Qi)
• S2/S1 depends on the type of interaction 

• Electronic recoils: Gamma, Beta, Axion… 

• Nuclear recoils: Neutron, WIMPs… 

• ER has larger S2 than NR events: BG rejection 

• Very high sensitivity for WIMPs

• DM and BG particles generate signal in LXe: 

• S1: Scintillation photons 

• S2: Ionization electrons
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The XENONnT
• Detector located at Gran Sasso Laboratories, 

Italy 

• Underground space to suppress muons 

• 1500 m of rock ~ 3600 m.w.e.  

• ~10-6 of surface muon flux 
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The XENONnT
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The XENONnT

Neutron 
Veto

Rn 
distillation

Liquid 
purification

Xenon 
storageXENONnT 

detector

: New systems 



• XENONnT TPC 

• Diameter=1.3m, 
Height=1.5m 

• Full/Active: 8.6 / 5.9t 

• ~x3 larger than XENON1T 

• Low energy ER BG: 1/6 of 
XENON1T 

• Target: 222Rn 1uBq/kg

XENONnT TPC
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~1.5m

~1.3m
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Xenon purification system
• Direct liquid circulation with cryogenic pump 

• Online purity measurement by purity 
monitor 

• Multiple filters works very well 

• High eff / high Rn (for intense purification) 

• Mid eff / low Rn    (for DM data taking) 

• Arxiv:2205.07336 for more detail 

• Achieved x10 better purity than XENON1T 
( > 10ms )
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Xenon purification systemOxygen Filter Material Selection
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• Used Engelhard Q5 (BASF Cu-0226-S) as filter material for 
oxygen removal; Cu on an alumina substrate after activation

• Large surface to mass ratio optimizes oxygen absorption

• Oxygen removal capability has been proven or has been tested in 
LAr by various groups

• Mild Rn emanation rate

1. Curioni, A., et al. "A regenerable filter for liquid argon 
purification." Nuclear Instruments and Methods in Physics 
Research Section A: Accelerators, Spectrometers, 
Detectors and Associated Equipment 605.3 (2009): 
306-311.

2. Adamowski, M., et al. "The liquid argon purity 
demonstrator." Journal of Instrumentation 9.07 (2014): 
P07005.
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St 707 Pills 

In some applications where space is a constraint, such as in batteries, a single getter pill acts as the pump inside the 
device.  

 

 

 

The pills are obtained compressing SAES St707 getter 
alloy powder in a controlled manufacturing process. The 
product’s name St707 Pill/A-B/C identifies the pills’ 
formats according to the following scheme:  

A indicates the diameter of the pill 

B indicates the height of the pill 

C indicates the exposed geometric surface area 

 

Several formats are available as reported in the following Table. 

 A 

Dia. 

(mm) 

 

B 

Height 

(mm) 

 

C 

Geometric surface 

(mm2) 

 

Weight 

(mg) 

 

St707 Pill/4-2/50 4 2 50 130 

St707 Pill/6-2/100 6 2 100 275 

St707 Pill/6-3/115 6 3 115 470 

St707 Pill/6-4/130 6 4 130 550 

St707 Pill/10-3/250 10 3 250 1300 

Other formats available on request. 

 

St 707 Pieces 
Whenever the application requires a good pumping speed that would be achieved with a bulk quantity of material, 
St707 pieces provide a cost effective solution.  

The St707 pieces are available in several formats to fit virtually any need.  

The sorption capacity of the St707 ensures operation lifetimes of years in applications where replacement is not an 
easy option, such as in the insulated pipes for steam injection. 

  

From: SAES Getters  https: //www.saesgetters.com/sites/
default/files/St%20707%20Pills%20%26%20Pieces_0.pdf 
(2012) 

Copper power on ceramic ball

Non evaporable getter

• Direct liquid circulation with cryogenic pump 

• Online purity measurement by purity 
monitor 

• Multiple filters works very well 

• High eff / high Rn (for intense purification) 

• Mid eff / low Rn    (for DM data taking) 

• Arxiv:2205.07336 for more detail 

• Achieved x10 better purity than XENON1T 
( > 10ms )

http://www.saesgetters.com/sites/default/files/St%20707%20Pills%20%26%20Pieces_0.pdf
http://www.saesgetters.com/sites/default/files/St%20707%20Pills%20%26%20Pieces_0.pdf
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Xenon purification system
Preliminary

Days

5ms in 5days!
    

(GXe pur only)
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• Direct liquid circulation with cryogenic pump 

• Online purity measurement by purity 
monitor 

• Multiple filters works very well 

• High eff / high Rn (for intense purification) 

• Mid eff / low Rn    (for DM data taking) 

• Arxiv:2205.07336 for more detail 

• Achieved x10 better purity than XENON1T 
( > 10ms )

Xenon purification system

>10ms with low Rn filter!



Rn-depleted  
off gas

Inlet gas

• Rn atom accumulates more 
into LXe than GXe 

• Rn distillation: pure off-gas 

• Rn atoms are kept in the 
column and decay 

• Already tested in XENON100, 
XENON1T 

• Eur. Phys. J. C (2017) 77: 358 

• New Rn column built for 
XENONnT: 200SLPM speed

Rn distillation system
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Rn distillation system
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• Two operation modes: GXe + LXe 

• GXe mode:  

• Remove Rn from GXe, before entering to LXe  

• Ex: signal cables, cryogenic pipe, … 

• LXe mode:  

• Remove Rn from LXe  

• Ex: TPC body, PMT, … 

• 1.7uBq/kg achieved with GXe-only mode 

• Further x2 reduction expected with 
GXe+LXe mode: 1 uBq/kg or less



• Neutron: ultimate BG for WIMPs 
search 

• Neutron Veto system 

• Gd-Water Cherenkov detector 

• Neutrons are captured by Gd, then 
produce 8MeV γ 

• Covering entire Cryostat with ePTFE 
structure 

• Tagging efficiency: ~80-90% expected 
from simulation 

• At 0.5% Gd2(S04)3・8H20

Neutron Veto
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Neutron Veto
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• Total amount of Xenon for the detector: 

• XENON1T: ~3.2 t 

• XENONnT: ~8.6 t  

• Xenon Strage + Emergency recuperation 

• ReStoX1: GXe + LXe, 7.5 t 

• ReStoX2: GXe + SXe, 9 t

Xenon storage
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�9XENON RECOVERY AND STORAGE
ReUse XENON1T ReStoX 
‣ Vacuum-insulated storage system with 
capacity of 7.6 t of Xe (gaseous, liquid or 
solid) 

‣ LN2 based cooling system (35 kg / d) 

‣ Fast recovery in case of accident/
maintenance (~50kg/h) 

‣ Maximum pressure: 73 bar 

‣ Fully controlled by SCS

Additional ReStoX2 
‣ Foam-insulated storage system with 
capacity of 10 t of Xe (gaseous, 
liquid or solid) 

‣ Very fast recovery with Xe freezing 
(1t / hour) 

‣ Maximum pressure: 71.5 bar 

‣ LN2 consumption                            
for recovery: ~ 8000 kg 

‣ Construction completed 

‣ Already delivered to LNGS, 
commissioning and tests 

2.1m

5.5m

1.45m

are ongoing!
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RestoX1 RestoX2



Xenon storage
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RestoX1 RestoX2
• RSX1: upgrade from 1T 

• Quick LXe recuperation with new line  

• Common liquid line with purification 

• RSX2: new system for nT 

• Quick GXe recuperation by freezing Xe 
gas  

• Capable of holding all xenon in room 
temperature



Expected sensitivity (SI WIMP)

22• JCAP 11 (2020) 031 for more detail



• XENON1T LowER excess in 1-7 keV region 

• Phys.Rev.D 102 (2020) 7, 072004 

• Significance with Axion spectrum:  

• 3.4 σ without tritium BG assumption 

• 2.0 σ with tritium BG assumption
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• Discrimination power between axion and tritium 

• With 1T best fit BG 

• Axion/tritium can be distinguished even with few 
month of data (depending on Rn level) 

• XENONnT Rn level from alpha: ~1.7 uBq/kg

Expected sensitivity: Tritium vs Axion ? 



• Science data taking stared since 
mid 2021: 

• Internal calibration: Kr, Rn, Ar 

• External calibration: AmBe 

• Energy scale, cut efficiency, 
simulation… 

• DM data taking and analysis ongoing

Data taking
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220Rn calibration spectrum

AmBe calibration spectrum



• The XENONnT finished construction on 
2020 and started data taking since mid 
2021 

• New subsystems works very well  

• High e-lifetime:  >10ms 

• Lowest Rn level: 1.7 uBq/kg (and can 
be further lowered) 

• Science data taking and analysis is 
ongoing: stay tuned!

Summary
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BG spectrum for early data

E-lifetime



• The XENONnT finished construction on 
2020 and started data taking since mid 
2021 

• New subsystems works very well  

• High e-lifetime:  >10ms 

• Lowest Rn level: 1.7 uBq/kg (and can 
be further lowered) 

• Science data taking and analysis is 
ongoing: stay tuned!

Summary

26

BG spectrum for early data

Rn alpha rate
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