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Liquid Xenon Time Projection Chambers
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(SLAC National Accelerator Laboratory)

Key features: excellent charge/light yields, 

σ ∝ A2 , lack of long-lived radioisotopes, 

fiducialisation →highly scalable.
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Leading Dark Matter (DM) technology above a ~few GeV

3

PANDAX-II

580 kg (362 kg)

LUX

250 kg (100 kg)

XENON1T

2,000 kg (1,042 kg)

ZEPLIN-III/XENON10

12 kg (7 kg)

XENON100

62 kg (34 kg)
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XENON LUX-ZEPLIN-DARWIN (XLZD) Collaboration
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XENON+DARWIN+LUX-ZEPLIN+new groups → 17 countries, 77 institutes, 440+members
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The XLZD detector concept  
● Builds on mature technology → 

combines best of XENON and 
LUX-ZEPLIN

● ~factor 2 linear scale-up → 
manageable technical challenges

● 60 tonne active natural LXe target 
(80t in case of positive funding and 
market conditions)

● Two arrays 3” low-background PMTs 
(2362 tubes total)

○ Other sensors under study

● Drift field 240-290 V/cm 

● Highly (VUV) reflective PTFE walls

● Radiopure material selection and 
background mitigation (active veto, 
online reduction, analysis) 
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XLZD Design book: arxiv/2410.17137 (2025) 
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A Dark Matter and Rare Event Physics Observatory

Dark Matter:

● WIMP
● Sub-GeV
● Inelastic
● Axion-like 

particles
● Planck mass
● Dark photons
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Supernovae:

● Early alert
● Supernova 

neutrinos 
● Multi-messe

nger 
astrophysics

Neutrino nature:

● Neutrinoless 
double beta decay

● Neutrino magnetic 
moment

● Double electron 
capture

Solar:

● pp neutrinos
● Solar 

metallicity
● 7Be, 8B, hep

Ultra-low BG + large exposure + high dynamic range → broad physics programme

Whitepaper: LXe observatory for DM and ν-physics          
J Aalbers et al 2023 J. Phys. G: Nucl. Part. Phys. 50 013001 

Potential for transformative discovery in several fundamental physics areas
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Dark Matter discovery to the ν-fog
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Neutrinoless double beta decay with 136Xe
● Natural abundance of 136Xe (8.9%) 

(could choose to later enrich/deplete)
● Exploit excellent self-shielding → 

search in inner 11 tonne FV 
● 107 reduction to detector centre
● XLZD 0νββ sensitivity paper:              

J.Phys.G 52 (025) 4, 045102 
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11 tonne inner FV

214Bi γ-rays from detector materials
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Siting selection in 2026

● Host laboratory selection in 2026. Requirements:

○ 0νββ drives minimum laboratory depth

○ Lab readiness and country commitment

○ Space+accessibility, underground fabrication/staging (if required)

● Boulby, LNGS, SNOLAB & SURF currently considered

● Task force compiled detailed siting report

● Discussions with laboratories ongoing

9
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Timeline: operation in the 2030s
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XLZD@Boulby UK pre-construction project  

● UKRI Infrastructure Fund 
preliminary activity 3.5 yrs in 
progress (2024-27)

○ Proposed UK scope focussed on 
hardware suited to host nation, plus 
industrial, clean UG manufacture and 
sustainability

○ Conceptual design of UK scope in FY 
2025/26

○ Preliminary design of UK scope 
2026/27

● 24 UK universities and institutes:
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A quick look at the Boulby site 

option, as we’re in the UK
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XLZD@Boulby UK pre-construction project  
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A quick look at the Boulby site 

option, as we’re in the UK

● XLZD would operate in a new 
facility (stage 2) at 1300 m 
depth

● Facility design part of the 
STFC Boulby Development 
Project

○ Includes manufacturing “past the 
bottleneck” in stage 1 facility at 
1000 m
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In summary

● LXe technology is mature and 
scalable

● XLZD collaboration formed 
from current world-leading Xe 
experiments

● Ambitious plans for a 60-80 
tonne LXe-based rare event 
search observatory

● Broad DM and ν-physics 
programme  → potential for 
discoveries in several areas of 
fundamental physics 

● At the design phase → site 
selection in 2026 → operation 
in the 2030s
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