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 2WIMP direct detection landscape

Figure adapted from P.A. Zyla et al. (Particle Data Group) (2020)

https://pdg.lbl.gov/2021/html/authors_2021.html
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 3Towards higher sensitivity

Lower backgrounds and larger mass 
extending the physics reach

Interaction kinematics - 
lowering the threshold

Community Whitepaper: arXiv:2203.02309 (2022)
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Fundamental Physics 
Neutrinoless double beta decay  of 136Xe


Rare decays

Detector 
as source
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 5The DARWIN baseline design

2.6 m

2.6 m

40 t 
LXe

‣ Two-phase LXe/GXe TPC; aspect ratio 1 

‣ 50 t total LXe (40 t target) 

‣ Top and bottom photosensors (~1800 3” XENON PMTs) 

‣ PTFE reflectors and Cu field-shaping rings

DARk matter WImp search with liquid xenoN

‣ In-situ purification plus krypton and 

radon distillation (background mitigation) 

‣ Veto detectors: water Cerenkov for 
muons with Gd doping for neutrons

DARWIN Collaboration, JCAP 1611 (2016) 017



 6Background goals

85Kr (0.03 ppt natKr )

136Xe (abundance 8.9%)

Figure updated from Schumann et al., JCAP 1510 (2015) 016

Electronic recoil (ER) background Nuclear recoil (NR) background

DARWIN Collaboration, JCAP 1611 (2016) 017

‣ NR background dominated by coherent elastic 
neutrino-nucleus scattering (CE NS) 

‣ Radiogenic neutrons: ~2 events/ 200 t yr  (materials) 

‣ muon-induced neutrons: ~0.4 events/ 200 t yr                 
(12 m diameter water tank at LNGS)

ν
‣ Intrinsic goal: ~one order of magnitude lower 

222Rn, 85Kr than currently achieved by XENON 

‣ Expected neutrino-dominated ER background



 7WIMP sensitivity projections

Community (DARWIN/LZ) Whitepaper: arXiv:2203.02309 (2022)

‣ Projected median upper limits for the next-generation xenon 
experiment (dashed red lines) with current limits (solid lines) 

‣ Probes cross sections and masses down to the neutrino floor (and 
into the neutrino fog) 

‣ Grey bands indicate >1, 10, 100, etc. expected neutrino events in the 
50% signal-like region

Spin-independent WIMP-nucleon Spin-dependent WIMP-proton Spin-dependent WIMP-neutron



 8Solar and Supernova neutrinos neutrinos

Nuclear Recoil (NR)

neutrinos

Coherent elastic neutrino-nucleus scattering (CE NS)ν

‣ Detect solar and atmospheric neutrinos via 
Ce NS interactionsν

‣ Flavour-insensitive detection of supernovae neutrinos 

‣ Participation in SNEWS network
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Community (DARWIN/LZ) Whitepaper: arXiv:2203.02309 (2022) R. Lang et al, PRD 94, 103009)
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 9Solar neutrinos

DARWIN Collaboration, Eur. Phys. J. C 80 (2020) 12

pp neutrinos  

‣ 1 pp neutrino event/t day [1 keVee threshold] 

‣ Measurement of pp-neutrino flux with 0.15% statistical 
precision (300 t yr exposure)

Elastic neutrino-electron interactions

neutrino
Electron Recoil (ER)

neutrino

‣ Inferred electron neutrino survival probability and 
weak mixing angle 

DARWIN

https://link.springer.com/content/pdf/10.1140/epjc/s10052-020-08602-7.pdf


 10Neutrinoless double beta decay of 136Xe

2νββ
0νββ

 Eβ1
+ Eβ2  Qββ

DARWIN Collaboration, Eur. Phys. J. C 80 (2020) 9

‣ 136Xe is a neutrinoless double beta decay 
candidate (8.9% natural abundance ~ 3.6 t 
in 40 t DARWIN)  

‣   peak at 2.458 MeV with 0.8% energy 
resolution (XENON, EPJ C 80 (2020) 8). 

‣ Half-life measurement (constraint); can 
also probe the mass hierarchy

Qββ

Projected sensitivity 
   yrs in 50 t yrT1/2 = 2.4 × 1027T0ν

1/2 ∝
Mt
B

๏ Test of lepton 
number conservation 

๏ Majorana neutrino 
nature



 11Neutrinoless double beta decay of 136Xe

‣ Probe the neutrino mass heirarchy 

‣ Background rate assumption 0.2 events/(t yr); dominated by materials (fiducial volume dependent), plus cosmogenic 
137Xe (site dependent), intrinsic 222Rn, and 8B solar neutrinos. 

‣ Active area of R&D aimed at reducing   backgrounds.0νββ DARWIN Collaboration, Eur. Phys. J. C 80 (2020) 9



 12DARWIN R&D

Photosensors

Background mitigation Detector design

‣ Photosensors: Lower radioactivity PMTs, high position resolution SiPMs, hybrid photosensors for  improved light collection, etc. 

‣ Background mitigation: materials screening and site studies for muon-induced backgrounds, liquid xenon purification, 
distillation, Rn mitigating coatings and detector designs  

‣ Detector design: sealed/hermetic TPCs, single-phase TPCs, aspect ratio optimisation
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‣ Two large-scale demonstrators (in z & in x-y) 
supported by ERC grants: demonstrate electron 
drift over 2.6 m, operate 2.6 m ø electrodes 

‣ Study of high-voltage application; typically 
limited by light emission from electrodes, xenon 
purity. 

Test electrodes with 2.6 m diameter: U. FreiburgTest electron drift over 2.6 m (purification, high-voltage): U. Zurich

XENON TPC R&D
R&D facilities and prototypes

see talk by A. Bismark



 14The DARWIN Collaboration

>170 members from 33 institutions and 11 countries



 15The future

LUX-ZEPLIN (LZ): 10 t LXe 
Data taking 2021

XENONnT: 8.6 t LXe  
Data taking 2021

Community Whitepaper: arXiv:2203.02309 (2022)

Current generation

‣ Memorandum of Understanding signed July 6, 2021 by 106 
research group leaders from 16 countries 

‣ International collaboration with complementary areas of expertise 

‣ First joint meeting April 26-27, 2021; second meeting now 
ongoing (hosted by Karlsruhe Institute of Technology) 

‣ Community whitepaper with combined science goals, 
background considerations, priorities - posted March 2022.

Merger of leading collaborations for a  
future DARWIN/G3 xenon-based experiment

DARWIN

Data taking 2027/28



 16Summary

‣ The DARWIN observatory will be the next-generation xenon-based TPC, following the legacy of the leading WIMP search 
experiments. 

‣ The large-mass, low-background experiment enables a broad physics program beyond WIMPs, including: 

‣ Low-mass dark matter (sub-GeV down to keV) 

‣ Precision measurement of the solar neutrino pp-flux 

‣ Early detection of supernova neutrinos; synchronisation with the global multi-messenger community 

‣ Competitive search for neutrinoless double beta decay using intrinsic 136Xe. 

‣ Diverse, international R&D efforts are currently ongoing to address the technical and background requirements for the 
next generation. 

‣ A new global consortium with the LZ dark matter collaboration is underway.

www.darwin-observatory.org 
  

galloway@physik.uzh.ch 
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Reference: Air Liquide, Gaffet, XeSAT 2022

XENON availability

Xenon has an abundance of 0.087 ppm 
in the Earth’s atmosphere 

Extraction from air requires multiple 
steps 

Electronics demand expected to 
continue until 2030 

Space demand is booming (recent 
developments + private investment) 

Long-term supply may be affected by 
geopolitical crises

https://indico.in2p3.fr/event/20879/contributions/109397/attachments/70773/100454/AirLiquide_Gaffet_XeSAT%202022%20Workshop%20(1).pdf

