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XLZD
• A consortium formed by the LZ, XENON and DARWIN collaborations 

• All use detectors based on 2-phase xenon TPC technology 

• LZ and XENON lead the direct dark matter search for masses above ~10 GeV 

• DARWIN has been studying the design and science reach of a 50 tonne detector 

• Present a united front immediately, to propose a large 2-phase xenon 
TPC project, with up to 100 tonnes of active mass 

• Work towards a formal collaboration, to be formed in the next few 
months
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XLZD

• MoU towards a new collaboration signed in 2021 
• Whitepaper signed by 600+ scientists from 150 institutions in 28 countries 
• Various working groups already active, with mixed teams  
• First in-person meeting in Karlsruhe (Germany) last week 

• Discussions on the design, installation location, ongoing and future R&D
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Ultimate goal
• Explore the remaining WIMP parameter space above 

the neutrino “fog”
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to a future study.
The background model is made up of the intrinsic elec-

tronic and nuclear recoil backgrounds. The expectation
value is dominated by electronic recoils from naturally
occurring 136Xe and solar (mostly pp) neutrinos scatter-
ing o↵ electrons. Electronic recoil events can be distin-
guished from a WIMP signal using the ionization signal.

Nuclear recoil events from neutrons scattering in the
detector volume can be separated to some degree from
a WIMP signal based on the recoil energy spectrum and
their tendency to scatter multiple times. Further, neu-
trons can be tagged surrounding the detector with an
active neutron veto. We thus only include nuclear recoil
backgrounds from 8B, HEP, di↵use supernovae and at-
mospheric neutrinos. These neutrino signals, while being
an interesting signal in their own right (Sec. V), may sig-
nificantly a↵ect the sensitivity to dark matter as they are
becoming the dominant background (Sec. IIQ).

The neutrino recoil spectra, as well as flux uncer-
tainties on the di↵erent components, are taken to be
the same as in [84], with spectra from Ref. [147–150].
WIMP recoil spectra are computed using the wimprates
package [151], with spin-independent computations from
Ref. [152], spin-dependent computations from Ref. [153],
and WIMP-pion recoil spectra from Ref. [154, 155]. We
use the background and signal distributions to construct
signal regions for each WIMP interaction and mass as
the 50% most signal-like region in S1 and S2, ordered
by signal-to-background ratio. We indicate the region at
which neutrinos become an appreciable background as
the cross section where the WIMP and neutrino expec-
tation in the signal region are equal. Levels where the
neutrino signal is equal, 10 times, 100 times etc. of the
WIMP signal are indicated by the shared gray regions
labeled “neutrino fog” in Figures 5 and 7. Estimates
of where experimental sensitivity will improve only very
slowly with exposure depend crucially on the uncertainty
on the neutrino signal and detector response. Attempts
to quantify the “neutrino floor“, such as [156, 157] (the
former is included as a dashed line in figure 5) often as-
sume e.g. very low experimental energy thresholds in or-
der to reflect the ultimate limit. Further discussion of
the neutrino background may be found in section IIQ.

C. Spin-Independent WIMPs

The next-generation detector proposed here can be
thought of as the ‘ultimate’ WIMP dark matter detec-
tor in two senses: exposure and energy threshold. Tradi-
tionally, WIMP detection has been limited primarily by
the experiment’s exposure (expressed in mass ⇥ time),
and sensitivity has progressed proportionally to that ex-
posure. This linear scaling will hold as long as contam-
ination by any non-WIMP recoils remains small. This
next-generation WIMP detector will be the last to ben-
efit from this proportional scaling over much of its oper-
ating time. Any larger experiment would face a rate of

FIG. 5. Projections for the next-generation experiment dis-
cussed here, together with projected and current leading 90%
upper limits, on the spin-independent WIMP-nucleon cross
section. Blue and purple solid lines show the current lim-
its from XENON1T [82] and PandaX-4T [158] (non-blind*).
Dashed blue and orange lines indicate sensitivity projections
from LZ [85] (15.3 t ⇥ y, one-sided) and XENONnT [84]
(20 t ⇥ y). Projected median upper limits for exposures of
200 t ⇥ y and 1000 t ⇥ y are plotted in dashed red. The
dashed line shows one definition of the “neutrino floor” [149],
the shaded gray area indicates the “neutrino fog”, specifically
where more than one, 10, 100, etc. neutrino events are ex-
pected in the 50% most signal-like S1/S2 region. Calculations
follow Refs. [151, 152].

coherent elastic neutrino-nucleus scattering from astro-
physical sources [149, 159]. While that is an interesting
signal in its own right (section V), neutrinos present an
unavoidable background to WIMP sensitivity.
The energy threshold of this search is also important.

A recoil threshold of ⇠keV is required in order to e�-
ciently test WIMP hypotheses down to the Lee-Weinberg
limit of few GeV/c2 mass. The goal for an ultimate
WIMP dark matter detector, then, can be described
as testing the entire WIMP mass range (⇠2 GeV/c2 –
⇠100 TeV/c2) down to cross sections limited by neutrino
scattering. Such a detector also has sensitivity to many
theoretically interesting and yet unexplored dark matter
candidates (section III) and probes the coupling of dark
matter to the Higgs boson [160].
To indicate the WIMP mass and cross section reso-

lution expected for a signal from WIMPs roughly one
order of magnitude below current constraints (one event
per tonne-year), Figure 6 shows confidence intervals for
spin-independent WIMP signals at 20 and 100GeV/c2.
At high masses, spin-independent WIMP spectra are de-
generate in WIMP mass (as the kinematics only depend
on the reduced mass). This leads to poor mass resolution,

Not as close as 
you may think!

LZ: 15.3 t⨉y
5.6 tonnes 
1000 days 

 
Need ~1000 t⨉y



Detector design
• Final detector size still under discussion, 

driven mostly by 136Xe 0𝝂2β sensitivity 
• Likely 60 - 80 tonnes active (75 - 100 t total) 

• Typical TPC arrangement 
• Large active region of liquid xenon defined by 

electrode grids 

• Xenon self-shielding guarantees negligible external 
backgrounds for WIMP search 

• Two light sensor arrays in the top and bottom 

• Possibility to use SiPMs on the top array for 
improved position resolution (ongoing R&D)

60 t active (75 t total), 3 m Ø, 3 m tall 
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Installation location

SURF, SD, USA

SNOLAB, CA

Boulby, UK

LNGS, Italy Kamioka, Japan



136Xe 0𝝂2β
• A detector with 60 tonnes is enough for WIMP search 

• Going for 80 - 100 tonnes can make it extremely competitive for 0𝝂2β  
(even with no 136Xe enrichment) 

• Can exclude the inverted hierarchy (IH) scenario for the neutrino masses

10 yr exposure, installation at SURF 100 tonne active mass, installation at SURF

Exclude IH



R&D
• Using SiPMs in the top array can significantly 

improve the position resolution  
→ boost 0𝝂2β sensitivity 

• Reduce the background by excluding multiple scatters of 
high energy gammas 

• Possibility to reconstruct the tracks of the two electrons 

• Doping the xenon with H2 or D2 to reduce 
electron diffusion 

• Collaboration with UK institutions  
(ICL, RAL, UCL, etc.) 

• Prototype chamber under construction 

• Preliminary simulations show that a resolution 
of 120 µm is possible  
(see poster by Fátima Alcaso for more details) 
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8x8 SiPM array 
(3x3 mm2 each)



Thank you!


