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XLZD: THE DEFINITIVE LIQUID XENON RARE EVENT OBSERVATORY

• WIMP dark matter
cover fully the available parameter space down 
to the “neutrino fog”: 
not only to “rule out” these popular models if no 
signal is found, but to actually discover a faint 
signal hiding where the neutrino fog sets in.
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• Neutrinoless double beta decay in Xe-136: 
competitive search with the potential to match the best 
dedicated experiments; sensitivity paper out soon

• Plus: other physics involving astrophysical neutrinos, rare 
nuclear decays, more exotic dark matter models 
[J.Phys.G 50 (2023) 1, 013001]

An ambitious experiment enables a broad science case, 
→ essential given the scale of investment!

A 10-fold scale-up in target mass compared to existing experiments will poise XLZD to make at least 
two ground-breaking discoveries
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Liquid xenon detectors
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๏ Leading sensitivity at intermediate / high 
DM masses since ~2007

๏ Advantages
๏ scalable ⇒ large target masses
๏ readily purified ⇒ ultra-low backgrounds
๏ high density ⇒ self-shielding

๏ SI and SD (129Xe, 131Xe) interactions

๏Many other science opportunities 
(second order weak decays of 124Xe, 126Xe, 
134Xe, 136Xe; solar and supernova
neutrinos)

Liquid xenon

Liquid argon

Bolometers
HPGe crystals

Upper limits for a 50 GeV WIMP

Time
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Two-phase xenon TPCs

๏ Observe light (S1, primary scintillation) and 
charge signals (S2, secondary scintillation) when 
a particle interacts in the dense liquid 

๏ 3D position reconstruction

๏ Energy reconstruction

๏ Particle discrimination: ratio of 
charge/light (ER vs. NR)
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Towards the neutrino fog
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DM

e-

Laura Baudis and Stefano Profumo, PDG 2024
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Ongoing LXe experiments
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LUX-ZEPLIN XENONnT PandaX-4T

๏ TPCs with 2 arrays of 3-inch ø PMTs 
๏ Kr & Rn removal techniques (to mitigate 85Kr and 222Rn backgrounds)
๏ Neutron & muon vetos, ultra-pure water shields, liquid scintillator

SURF, 7 t LNGS, 5.9 t JinPing, 3.7 t
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DARWIN R&D

• R&D for next-generation liquid xenon detector
• Several large-scale demonstrators in operation (3 ERCs)
• Photosensors, TPC design, large-scale purification, Rn removal, Gd-loaded water, etc.

8

D
AR

W
IN

 c
ol

la
bo

ra
tio

n
JC

AP
 16

11
 (2

0
16

) 0
17

Xenoscope at UZH
L. Baudis et al., JINST 16, 2021, EPJ-C 83, 2023

Pancake in Freiburg
A. Brown at al., JINST 19, 2024
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XENON-LUX-ZEPLIN-DARWIN
• XLZD Consortium MoU signed by 104 senior researchers from 16 countries in July 2021

• Steering Committee and Working Groups in place, regular meetings; “Design Book” in preparation

• The new collaboration to build & operate the next-generation experiment is forming right now

• Our team(s) are operating the largest, world-leading LXe-TPCs: LZ and XENONnT
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CANDIDATE LABORATORIES
Facilities and locations being considered, “leading to the down-selection of those sites that meet key 
physical and infrastructure requirements, i.e. those laboratories where such an experiment can deliver its 
science mission fully.”
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Location Depth Muon	flux

Kamioka	(JP)	 /Lab-C 1,000	m 2,700	m	w.e. 128	/m2/d

LNGS	(IT)	 /Hall	C 1,400	m 3,800	m	w.e. 29.7	/m2/d

Boulby	(UK) /New 1,300	m 3,330	m	w.e. 14.6	/m2/d

SURF	(USA)	 /New 1,490	m 4,300	m	w.e. 4.6	/m2/d

SNOLAB	(CA)	 /Cube	Hall 2,070	m 5,890	m	w.e. <0.3	/m2/d
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SELECTING A FACILITY TO HOST XLZD
• Over the past 1-2 years we have developed requirements motivated by 

i) the science we want to do (driven by dark matter and 0νββ decay searches)
ii) the infrastructure needed to support that science

• The “baseline” XZLD experiment considered was essentially that in a “Design Book” which is 
about to be published (60-80 tonnes of active xenon mass)

• The XLZD Siting Working Group included several sub-teams
• Underground science experts; backgrounds experts; infrastructure experts
• Each candidate laboratory had a formal liaison to XLZD

• We have concluded the first part of this work with a preliminary shortlist

11Uwe Oberlack SNOLAB EAC 31.07.24



REPORT SCOPE

12

NOTE: THIS IS AN INTERNAL XLZD DOCUMENT, BUT ALL LABS HAVE SEEN IT.
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XLZD@SNOLAB?
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• We need to know more about how SNOLAB would meet some of our requirements 
related to availability of space underground and other constraints
• Without this additional information it is fairly clear to us that SNOLAB could only host 

a smaller experiment

Specific requirements 
not met or not met in full
(this remains TBC)
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XLZD@SNOLAB?
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Specific requirements 
not met or not met in full
(this remains TBC)
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NEXT STEPS

Presentations by the laboratories to XLZD over the summer
• XLZD must scrutinise the information presented; the shortlist may change if new information 

emerges
• Describe the proposed facility and location, and how XLZD could be accommodated 

(e.g. CAD layout)
• State how orange and red requirements could be met or circumvented
• What else is on offer to attract XLZD to that location

• SNOLAB will be invited to present too
• We are happy to continue to liaise with SNOLAB to explain our requirements and understand 

the “fit”
• In any case, SNOLAB could host a smaller XLZD experiment and our contact should 

continue!
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Thank you!


