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Dark matter and xenon:
a timeline
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XENONnT
Present, 6t

LUX-ZEPLIN (LZ)
Present, 7t

ZEPLIN-II
2007, 31 kg

XENON10
2007, 15 kg

ZEPLIN-III
2008, 12 kg

XENON100
2010, 62 kg

LUX
2013, 250 kg

PANDAX-II
2016, 580 kg

XENON1T
2017, 2 t

ZEPLIN-I
2005, 3.2 kg
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Massive
→ 50-100 tonnes

Yet compact
→ 2-4m height x diameter

Science
    



Memorandum of Understanding
between members of the

XENON/DARWIN and LUX-ZEPLIN collaborations
towards a next generation liquid xenon experiment

More than 100 senior scientists from 16 countries signed MoU on July 6, 2021
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Boulby Underground 
Laboratory

A potential host site is the 
Boulby Underground Laboratory

Feasibility study indicates technical viability

A challenge, but a great opportunity
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Science with liquid xenon

White paper just released (arXiv:2203.02309)
(particular thanks to Rafael Lang, Purdue)

~600 authors from 146 institutes

72 UK authors from 13 institutes

Details the breadth of physics enabled by 
a next-generation xenon observatory
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https://arxiv.org/abs/2203.02309
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Backgrounds

Goal is to be dominated by 
neutrino backgrounds

222Rn challenging but there 
is R&D to fix it

85Kr purity levels sufficient 
for next generation 
achieved

Self-shielding from 𝜸-ray 
and neutron backgrounds

arXiv:2203.02309

https://arxiv.org/abs/2203.02309
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Weakly Interacting 
Massive Particles

Spin independent interactions

Chase WIMPs to the neutrino floor!

arXiv:2203.02309

Solar neutrino electron scattering
8B, HEP, diffuse supernovae, atmospheric coherent neutrino-nucleus scattering
136Xe double beta decay

https://arxiv.org/abs/2203.02309
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arX
iv:2203.02309

Weakly Interacting 
Massive Particles

Spin dependent interactions

Unpaired neutrons

https://arxiv.org/abs/2203.02309


Light WIMPs

Scintillation agnostic

m𝛘 ~ few GeV
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arXiv:2203.02309

Phys. Rev. Lett. 123, 251801

https://arxiv.org/abs/2203.02309
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.251801


Light WIMPs

Migdal effect

m𝛘 ~ few-hundred MeV
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arXiv:2203.02309

arXiv:1907.12771

https://arxiv.org/abs/2203.02309
https://arxiv.org/abs/1907.12771
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Astrophysical neutrinos

pp solar neutrinos
300 t×yr→ new solar physics

8B solar neutrinos
→ ready for supernova neutrinos

arXiv:2203.02309

https://arxiv.org/abs/2203.02309
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Promising isotopes

Neutrinoless double 
beta decay

Double electron capture

136Xe

214Bi 𝛄
2447 keV

208Tl 𝛄
2614 keV

137Xe 𝝱
Q=4173 keV

arXiv:2003.13407

https://arxiv.org/abs/2003.13407
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136Xe neutrinoless
double beta decay

𝜸-ray backgrounds from detector 
components and external environment
● 208Tl 2614 keV → impact strongly 

mitaged by 1% 𝞂/E
● 214Bi 2447 keV → impact mitigated 

by self shielding of larger detector

137Xe from neutron capture and 
cosmogenic activation

With major investment in controlling 
backgrounds (beyond DM needs) 
could match nEXO sensitivity

arX
iv:2003.13407

70 tonnes

https://arxiv.org/abs/2003.13407


Xenon Futures R&D Programme

UK has started the R&D phase towards a G3 experiment

Exploring SiPM readout for 𝜸-ray and radon background reduction

Advanced radioassay techniques and cold radon emanation (Xinran Liu, Apr 5th, 12:15)

Attempting observation of the Migdal effect from nuclear recoils (Tim Marley, Apr 4th, 15:15)
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Additional Slides
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Dual-phase Xe time 
projection chamber

S1: prompt 
scintillation

S2: ionization signal, 
electrons drifted 
upward and extracted 
into the gas phase 
region to create 
secondary 
scintillation

3D position 
reconstruction
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