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Disclaimers
ωMy interpretation of G3 R&D:
ωNoble element DM detectors beyond current generation (LZ, XENONnT, PandaX-4T, DarkSide-50)

ωNot including semiconductor detectors focused primarily at low-mass WIMPs (e.g. SuperCDMS) 
or DM coupling primarily to electrons (e.g. SENSEI)

ωSlide content primarily from collaborations mentioned 
(GADMC, XLZD, HydroX, CrystaLiZe)

ωFocused on key open questions for G3 and plans for addressing them 
(not on recent results)

ωThis covers highlights of ongoing research efforts but is not comprehensive
ωSorry if I missed your favorite thing!

Nov 21, 2024CPAD 2024
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Community Goals for Dark Matter Detection

Nov 21, 2024CPAD 2024

Goal: a dark matter experiment so sensitive 
that its primary limitation is Χ
background neutrinos!
 

I have done a terrible thing. 
I have postulated a particle 
that cannot be detected.
- Wolfgang Pauli
(not a CPAD regular)
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Community Goals for Dark Matter Detection

Nov 21, 2024CPAD 2024

Goal: a dark matter experiment so sensitive 
ǘƘŀǘ ƛǘǎ ǇǊƛƳŀǊȅ ƭƛƳƛǘŀǘƛƻƴ ƛǎ Χ
background neutrinos!

ΧǘŀƪƛƴƎ Řŀǘŀ ƛƴ мл years or less

I have done a terrible thing. 
I have postulated a particle 
that cannot be detected.
- Wolfgang Pauli
(not a CPAD regular)



5

Community Goals for Dark Matter Detection

Nov 21, 2024CPAD 2024

Goal: a dark matter experiment so sensitive 
that its primary limitation is Χ
background neutrinos!

Χtaking data in 10 years or less

Χand then discover dark matter with it

I have done a terrible thing. 
I have postulated a particle 
that cannot be detected.
- Wolfgang Pauli
(not a CPAD regular)
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How close are we? What are our options?

Nov 21, 2024CPAD 2024

ωAbout 1 order of 
magnitude awayΧ
the hardest yet

ωPrincipal contenders:
ωGADMC = Global Argon 

Dark Matter Collaboration

ωXLZD (LXe)

ωAlso worth exploring:
ωSingle phase detectors

ωHydrogen doping 
(low-mass reach) ς
HydroX

ωCrystal xenon 
(radon reduction) ς  
CrystaLiZe
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Global Argon Dark Matter Collaboration
ωGADMC ς joins scientists from the four collaborations listed leading 1st gen Ar DM experiments

Nov 21, 2024CPAD 2024

Construction started 2022
Data-taking expected 2026 - 2027

20 T fiducial volume
300 T fiducial volume

Argo
SNOLAB?

~8 m
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LAr Key Challenges
ωSourcing radiopure Ar (underground Ar) at 100 tonne scale

ωScaling dual phase TPC technology to 100 tonne scale
ωHigh voltage, e.g. wire grids

ωPhotosensors (high light collection, low dark counts, many channels)

ωHigh circulation rates to maintain chemical purity

ωNovel TPC design demonstration
ωTransparent, conductive cathode/anode (PMMA + Clevios + TPB for wavelength shifting)

ωReflective coatings for walls (PMMA + ESR reflector + TPB)

ωMany are being explored now for DarkSide-20k



Installation of DUNE-like 
membrane cryostat in LNGS

DUNE-like 
membrane 
cryostat

700 tonne 
atmospheric 
ŀǊƎƻƴ ʴ-shield, 
-˃veto

Underground 
argon 
containment 
vessel

50 tonne
underground 
argon volume 
neutron veto

Inner 
detectors: 
neutron veto 
and TPC

Detector support system

Detector feedthroughs

Photosensor planes

50 tonne
(20 tonne fid.) 
underground argon
dark matter target 9
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~1400x

http://doi.org/10.1103/PhysRevD.93.081101


Industrial Scale Underground Argon (UAr) Production
Production: Urania
Cortez, CO
Å Industrial scale extraction plant
Å Extraction rate: 250-330 kg/day
Å Production capability Ғ 120 t over two years
Å UArpurity: three-four nines

Production: Aria
Sardinia, Italy
Å Industrial scale extraction plant
Å 350 m cryogenic distillation column
Å O(1 tonne)/day capability
Å UArpurity: > six nines
Å Ultimate goal: isotopic separation

DArTin ArDM, Spain
Facility for qualification of 39Ar

Status: 
Å Urania tested (U. Houston), being installed in CO ~now
Å Aria first module (26 m) tested, see 2023 paper, full column not yet built
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https://epjc.epj.org/articles/epjc/abs/2023/05/10052_2023_Article_11430/10052_2023_Article_11430.html


SiPM R&D

ÅPhoton detection efficiency: >40%at 77K
ÅDark count rate: <0.01Hz/mm2 at 77K
ÅSNR: >8 for 10×10cm2 TPC PDU
Goal of cost-effective coverage for very large areas
Veto PDUs now being tested

PDU packaging and assembly at 
Nuova OfficinaAssergi(NOA) at LNGS

SPAD

σπσπ ‘Íς
SiPM

ψ ρς ÍÍς
Tile (24 SiPM)

υ υ ÃÍς
PDU (16 Tiles)

ςπςπ ÃÍς
Optical Plane (264 PDUs)
ςρ Íςin TPC, υ Íςin Veto

σȢφÍ

JINST 12, 

P09030 ( 2070 )
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http://doi.org/10.1088/1748-0221/12/09/P09030
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Cryogenics + Circulation
ωCryo @ CERN

ωTarget 1000 slpm circulation speed

ωUp to 10 kW condenser

Nov 21, 2024CPAD 2024
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TPC
ωTPC Design:
ωPMMA barrel, cathode, anode
ωConductive polymer (Clevios) coating for 

anode, cathode, and field cage rings
ωSS wire grid (gate)
ωESR as reflector and TPB as wavelength 

shifter on barrel
ωReadout: optical planes outside 

(transparent) cathode, anode

ω1 ton LAr ς testing starting ~now

Nov 21, 2024CPAD 2024



ARGO

UArMass:
Åtotal 400 tonnes
Åfiducial 300 tonnes

SiPMassemblies arranged 
as photon-to-digital 
converters (PDCs)
Data rates:
Åoperation 5k p.e./(m2×s)
Åcalibration 100k 

p.e./(m2×s)

Outer cryostat

Liquid argon buffer

Ultrapure acrylic vessel
(7m diameter and height)

400 tonneslow-radioactivity
argon within acrylic vessel

250 m2 PDCs covering full
acrylic vessel surface

15

~8 m
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XLZD
ωCollaboration brings together scientists from XENON, LZ, and DARWIN

ωPlan for staged approach:
ωFixed radius + cryostat vessel 

ωVariable height field cage 

ω40 T -> 60 T -> 80 T active

ωSee XLZD Design Book: arXiv:2410:17137

Nov 21, 2024CPAD 2024

~3 m

https://arxiv.org/abs/2410.17137
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LXe Key Challenges
ωRadon removal (reduced emanation, continuous purification)

ωHigh voltage, e.g. wire grids (related: few-electron and few-photon noise)

ω~Photosensors (many channels, high LCE needed)

ω~High circulation rates to maintain chemical purity
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Xenon Purification and Circulation
ωXENONnT has proven distillation to be highly effective for Rn removal at few-tonne scale

ωLiquid-phase purification offers the prospect of higher circulation rates

ωLZ demonstrated chromatography for Kr removal; Rn removal when cold?

Nov 21, 2024CPAD 2024

Liquid purification,
Xeclipse (Columbia)

Distillation at Münster

Liquid purification, 
chromatography 
for Kr (Rn) removal 
(SLAC)
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Radon emanation mitigation
ωSurface coatings with ultrapure copper (MPIK Heidelberg)

ω222Rn reduction factor of 1500 with 5 µm copper

ωSee also: hermetic TPC, CrystaLiZe

Nov 21, 2024CPAD 2024

Electrochemical plating
@ MPIK Heidelberg



20

High Voltage R&D - Grids
ωWhat design is optimal for reduced e-/photon emission, 

mechanical stability?

ωWoven grids mitigate risk of shorts (LZ, SLAC)

ωLarge-scale tests of breakdown, precursors, chemical treatments

ωUnderground testing?

Nov 21, 2024CPAD 2024

2.7 m

Pancake @ Freiburg SLAC
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High Voltage R&D ς Breakdown + Feedthrus
ωCathode HV delivery particularly challenging (highest voltages)

ωBetter understanding of dielectric breakdown in noble elements

Nov 21, 2024CPAD 2024

XeBrA @ LBNL

See J. SoriaΩs talk 11/20

MOTION @ KIT bHiVE @ KIT
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Electron drift
ωHow reliably can we drift e- over 3 m?

ωScintillation light attenuation length?

Nov 21, 2024CPAD 2024

Xenoscope @ Zurich

2.6 m



23

Photosensors and Readout
ωBaseline design uses PMTs

ωCold PMT readout (SLAC cryo ASIC, Rochester)

ωDigital SiPMs ς SPADs + digital readout on device
ωDark counts < 3x10-2 Hz/mm2 active area @LXe temps

ωReduced dark count VUV SiPMs

Nov 21, 2024CPAD 2024

SiPM testing @ Nagoya

Digital SiPMs @ Heidelberg



Alternative LXe 
Approaches
FOR WHEN A ~50 TONNE SCALE-UP OF EXISTING TECHNOLOGY 
ISNΩT ADVENTUROUS ENOUGH FOR YOU

Nov 21, 2024CPAD 2024 24
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HydroX
ωImproved sensitivity to low DM masses 

+ spin-dependent models with hydrogen-doping

ωPotential LZ upgrade

Nov 21, 2024CPAD 2024

See R. CoronelΩs talk 11/20
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HydroX

Nov 21, 2024CPAD 2024
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CrystaLiZe
ωFreeze LZ (solid/vapor two -phase TPC):

Radon emanated from surfaces now 
excluded from solid bulk

ωIn crystaLiZe, Rn in bulk target from 
LXe phase would be fixed, 
decay away in O(100) days

Nov 21, 2024CPAD 2024

See my talk 11/20

CrystaLiZe @ LBNL
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CrystaLiZe
ÅDemonstrated at 700 g scale at LBNL
ÅScintillation, ionization signals match LXe

Å Faster e- drift,  higher e- extraction, higher density

ÅRadon exclusion factor of >600 x

ÅScale-up to 25 kg planned at UT Austin 
ÅCrystal growth speed and transparency

ÅHV quantification

ÅCompatibility with HydroX?

Nov 21, 2024CPAD 2024

CrystaLiZe @ UT Austin
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Hermetic TPC
ωPrevent Rn emanation by sealing TPC off from vessel

ωDesign space being explored

Nov 21, 2024CPAD 2024

Nagoya

Freiburg


