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Xe
X E N O N
Dark Matter Project

27 institutes, 
150 scientists



Cryogenics & Purification

Electronics & DAQ

Xe storage & Distillation
Water-Cherenkov 

muon veto

Xe TPC
3.5 tons Xe with

2 tons ‘active’

Calibration System





TPC assembly during Fall 2015



From XENON1T to XENONnT

• Reuse most of XENON1T

• Larger inner cryostat vessel

• New TPC

• Additional ~250 PMTs (494 total)

• Total of 8.4 tons of LXe

• 10x lower 222Rn

• Neutron Veto System 

• LXe purification 

• Detector being built  - Start in 2020

Similar efforts: LZ (USA), PandaX-xT (China)
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Lowest Background of any DM experiment

PhD Sander Breur

Aim XENONnT 
>10x lower BG  



Upgraded DAQ System
• “Triggerless” DAQ - all signals readout continuously

• Lower thresholds & new event signatures 

• Two different gain readouts

• “Dark Matter”: ~10 keV

• 0ν2β: 2.5 MeV Live Processing

Live RecordsLive RecordsLive RecordsLive Recordslive records

raw records

Highly-fragmented DAQ-only output 
format (fragmented due to 
parallelization)

This is our lossless, long-term storage 
format

This is a possible reduced storage 
format 
Should be agreed on by analysis 
group

These are all the plugins our analysts 
will make in preparation for nT and at 
the analysis sprints 
(strax plugin ~= hax minitree)

reduced records

peaks

events

corrections

other smart 
things

To tape, 
GRID

To GRID

To 
analysis 
sites

BASE

ADVANCED
BEST 

(maybe we get nervous and 
don’t want to delete data yet)

11



XENONnT Installation Ongoing

Test of Grids in LXe

Cryostat Modified Novel LXe purfication system

DAQ mostly installed

On schedule for a start in early 2020! 

Top PMT array assembled



Patrick Decowski - Nikhef/UvA

XENON1T: 1 ton x year Exposure 

PRL 121, 111302, arXiv:1805.12562
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Other XENON1T Analyses Ongoing
Slowest process ever: 2νDEC

T2νDEC
1/2 = (1.8 ± 0.5) × 1022 y

arXiv:1904.11002
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XENON1T (1 t⇥yr, this work)

arXiv:1902.03234

arXiv:1907.12771

Spin-Dependent

Brems + Migdal

Sander Breur

Ionization (S2) - only

arXiv:1907.11485

Jelle Aalbers
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Physics Channels
• WIMP searches

• Spin-independent 
• Spin-dependent and inelastic interactions 

• Solar axions, galactic axion-like particles (ALPs), sterile ν 
• Alternative dark matter candidates
• Coupling to electrons via axio-electric effect

• Supernova neutrinos
• Sensitivity to all neutrino flavors (via CNNS)
• Complementarity to large-scale neutrino detectors

• Coherent neutrino-nucleus scattering (CNNS)
• Predicted by SM, only very recently observed!

• Low-energy solar neutrinos:  pp,  7Be
• Test/improve solar model,  test neutrino models

• Neutrinoless double beta decay
• Lepton number violating process, effective Majorana mass 
• No enrichment in 136Xe required
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Even larger Xe detectors

XENONnT DARWIN

8t of LXe total
Reuse a lot of XENON1T infrastructure
Start in 2020

50t of LXe total
Global effort
Start in 2025

1.4m
2.6m


