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RARE EVENT OBSERVATORY BASED ON THE NOBLE LIQUID XENON
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XENON + LUX-ZEPLIN + QARWIN

XLZD

e Consortium of X+LZ+D collaborations formed in 2021 @ |
f.e by F

* Think Manchester United joining forces
with Manchester City...

Unified scientific collaboration formalised in 2024 e

Many new institutes joined since, notably from Canada, and more continue to join

Approaching 500 scientists and engineers in over 80 institutes in 17 countries

Conceptual Design activities ongoing across all 13 work packages

XLZD and ONBB decay

Collaboration has agreed to elevate ONBB decay to a primary science requirement
* Much work to be done in this area: if you are interested in joining us, please reach out!
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HOST LABORATORY

* Five underground laboratories expressed interest in hosting
* Four were shortlisted after careful internal process: Boulby, LNGS, SNOLAB, SURF

 Site selection will be mostly not in the hands of physicists: we can deliver our science at all these four sites
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EXPERIMENTAL STRATEGY

Baseline [2410.17137 XLZD Design Book]

* Dual-phase xenon TPC with 60 tonnes of “active” mass of natural xenon,
surrounded by a Skin Detector and an Outer Detector, 12 m water tank

* Fixed TPC diameter at 3 m, nominal height 3 m for 1x1 ratio at 60 tonnes
* Photosensors: 2- and 3-inch ultra-low-background VUV photomultipliers

baseline
Infrastructure designed to manage risks and opportunities - 3m x 3m TPC

60-tonne

* 80-tonne TPC (3m—4m height) to meet ONBB goal of 10?8 yr “designed in” i
active mass

* Early science & performance verification with smaller payloads is postgple

We understand this technology

* Many DM searches delivered over the last 20 years

* ONBB decay searches now emerging from these experiments too
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https://arxiv.org/abs/2410.17137

TIMELINE

“Credible” timeline, usual caveats apply...

* Conceptual Design 2026/27 (funding applications)
* Site selection 2027-28

* Preliminary Design 2028/29 (baseline)
» Start of Construction 2029/30

e Start of Operations 2035

e Operations 15 years, nominally
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CONFIGURING THE XLZD PROJECT FOR ONBB DECAY

Requirements

* The science we want to do must be captured in formal project requirements: our metric for success

XLZD will have two top-level science requirements: on dark matter and on ONBB decay sensitivity

We have not set numbers for ONBB decay sensitivity yet; we will have a requirement and a goal

Informed by an early study from 2024 plus detailed work ongoing now

The ONBB requirement must align with the experimental baseline, the goal will require we go beyond

Goals

* Need path to achieve project goals with additional funding secured in a timely fashion
* 80-tonne TPC (~100 tonnes of xenon), more aggressive backgrounds, other improvements

* Technical innovation and judicious material selection can enable this over the next few years

* Proposals can be brought into the baseline where their performance, cost, schedule & risk justify this




REQUIREMENTS, REQUIREMENTS, REQUIREMENTS...

CDRis all about “building the instrument that meets the scientific requirements”

We are developing this story, doing the detailed work needed to assign well-motivated numerical values to
the top-level requirements and goals, to fully understand the flow-down to the technical subsystems, and

to identify any potential conflicts
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2024 STUDIES

Change in paradigm: trade-off some component radioactivity
for additional self-shielding in a natural abundance target

PAPER - OPEN ACCESS

Neutrinoless double beta decay sensitivity of the

XLZD rare event observatory

To cite this article: J Aalbers et al 2025 J. Phys. G: Nucl. Part. Phys. 52 045102

Assumptions: LZ/4 and LZ/10 backgrounds, no PLR, 60/80 tonnes, depth
* We are credibly at LZ/4 backgrounds today, from assays in hand

* Mild enrichment could also be considered once putative signal sighted

-2
10 = [ I | L] I LI LI I LI LI I LILI LI I L L T ' I-I E
(2 Materials -
—_ before / after vetoes / i
2 107 N |
- F37 e (Kamioka) \, — fmas §mmmrmmmmmmssscssgeefasessaay
X N
5 [FTXe (LNGS) N\ /f \ :
Z 107 Y \N\ .
F'""%e (Boulby)
E —_— \/\ \ / “*Rn
o LISTXe (SURF) |\ T e
5 10°F E
R :
17X (SNOLat) _
10-6 1 - — I Ll -I'-:-‘J'Y:"I..I“.I. .:l.ll.I...I..I..;.‘I“I“-I"[';..I‘.I...I."..I..l-.
2300 2350 2400 2450 2500 2550 2600
Energy [keV]

XLZD / Henrique Araujo

50

200

100

8-11 tonne FV for 60-tonne system
14-17 tonne FV for 80-tonne systen

5000

10000
R? [cm?]

15000

20000

1073

L 10—4

- 10—5

L 10—6

1077

1078

107°

Normalized rate [a.u]

1775” exclusion limit (90% CL) [yr]

Tfff " discovery sensitivity (30) [yr]

4.6 (20)

7(30)

tivity [meV]

9.3 (40):

mgg sensi

14 (60)

12
Exposure time [yr]

== Optimistic |
7(30)

9.3 (40)

14 (60)

mpg sensitivity [meV]

21 (90)

10 12

0 2 4 6 8
Exposure time [yr]

9



2026 STUDIES

Granular bottom-up background model
for more robust evaluation
of sensitivity

G4 simulations for y-ray propagation
plus radioassay data

Modelling detector response
* 0/E =0.65%

* 3-mm SS/MS resolution in z

(simulated event PDFs) X
(radioassay data) X
(component masses) =
bottom-up backgroung model
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A
2026 STUDIES WORK IN

PROGRESS

Investigating sensitivity scenarios for 60-tonne and 80-tonne LXe-TPCs
* Conservative: assumes LZ cables, LZ Teflon, measured superinsulation, LZ titanium cryostat (= 2024 studies)
* Improved: nEXO cables, EXO-200 Teflon (10x improvement), 10x reduction in superinsulation

* Ultimate: above plus substantial improvement to cryostat (e.g. CVD nickel)

XLZD Preliminary | XLZD Preliminary
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Preliminary conclusion: there is a path to 10?2 years at 80 tonnes with judicious material selection
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CONCLUSION

XLZD is a next-generation rare event observatory for dark matter and neutrino physics

We need to converge on the path to reach the ONBB sensitivity
goal of 10?8 years

The top-level scientific aims are DM scattering and ONBB decay in Xe-136

Other physics goals include astrophysical neutrinos and rare nuclear decays

XLZD is substantially derisked by the two largest DM experiments
operating in real-(under)world conditions

Key assumptions on backgrounds, energy and position resolutions
are being validated now by the “progenitor” experiments

Working toward Conceptual Design Report & Review in 2026/27

Much work remains in this area, where our strategy
is still evolving within the collaboration
— join us if you want to contribute!
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