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Disclaimers

wMy interpretation of G R&D:
wNoble elementDM detectors beyond current generatighZ XENONnTPandaX4T, DarkSide50)

wNot including semiconductor detectors focused primarily attoass WIMPg.g.SuperCDMS
or DM coupling primarily to electrong.@.SENSEI)

wSlide content primarily from collaborations mentioned
(GADMC, XLZBydroX CrystaLiZe

wFocused ortkey open questiongor G3 andplans for addressing them
(not on recent results

wThis coverdighlightsof ongoing research efforts but is not comprehensive
wSorry if | missed your favorite thing!
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Community Goals for Dark Matter Detectior

Figure 1 — Program and Timeline in Baseline Scenario (B)
Index: M Operation = Construction MR&D, Research P:Primary S:Secondary Goal a dark matter eXperlment SO SenS|t|VE

§ Possible acceleration/expansion for more favorable budget situations
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How close are we? What are our options?

wAboutl order of
magnitude awa¥( 10744
the hardest yet

Exclusion 90% C L

S D -
pMSSM11 [EPJ C 78 256 2018] \\ a

W scalar complex WIMP [EPJ C 8 992 2022]

=50 Dirac complex WIMP [EPJ C 8 992 2022] ‘

10—45 N\ I Ar v-fog [PRL127 251802 2021]

..

wPrincipal contenders:

wWGADMCGC= Global Argon
Dark Matter Collaboration 4-4s|.

WXLZD(LX

wAlso worth exploring:
wSinglephasedetectors 10748 . \_ - :

wHydrogen doping
(low-mass reachy

! LZ 90%CL excl [2207.03764]
LZ 2.7 y (15.3 t yr)

=== XENONnT 5 y (20.2 t yr)
= DS-20k Fid. 5 y (100 t yr)
==+ DS-20k Fid. 10 y (200 t yr)

mid @ S K DS-20k Ext. 10 y (460 t yr)
HydroX — = ARGO Fid. (3000 t yr)
© XLZD (1000 t yr)
wCrystalkxenon | =
(radOHFEdUCtion)C 0.01 0.1 1 , 10 100 500
Cr . M, [TeV/c“]
ystalLiZe
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Global Argon Dark Matter Collaboration

wGADMC(; joins scientists from the four collaborations listed leadifggenAr DM experiments

300 T fiducial volume

DarkSide 50 @ | ,
LNGS N DEAP 3600 »

Snolab

DarkSide ZOk
LNGS
51t (20 t Fiducial Volume]

F

Mini Clean .
Snolab Y .\
~';\' 4\ -J'ﬂ -

e

Construction starte@02

Datatakingexpected2026- 2027 SNOLAB
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LArKey Challenges

wSourcingadiopure Ar (undergroundAr) at 100tonne scale

wScalingdual phase TPC technologyltdOtonne scale
wHigh voltagee.g.wire grids
wPhotosensorghighlight collection, low dark counts, many channels)
wHighcirculationratesto maintainchemicalpurity

wNovel TP@Eesign demonstration
wTransparentconductivecathode/anode (PMMA €leviost TPB for wavelength shifting)

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

wMany are beingexplorednow for DarkSide20k
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Detector support system
Detector feedthroughs

NS A

4 DUNEHike
7S /// // " _membrane
Installation of DUNHike __cryostat

@ o»membrane cryostat in LNG
b - = >~ 700tonne

- _atmospheric
- NE shyfeld:

- ~~argon
—containment

.

== g=——vessel
IB==Q = 50tonne
PE==JI=E underground
= argon volume

=== neutron veto

b A\t te e\t T

{Inner
detectors: g | 7 VYarse
neutronveto 8 |~ = = @ etUaaRoey 00 7
and TPC  f
~ 50tonne 2
- (20tonnefid.)

. underground argon ~3Photosensor planes

dark matter target v Ty
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http://doi.org/10.1103/PhysRevD.93.081101

Industrial Scale Underground Argagél) Production

Production: Aria

Production: Urania

Sardinia, Italy
goztnedzt’ls(t:riitl scale extraction plant A Industrial scale extraction plant
P A 350m cryogenic distillation column

A Extraction rate250-330kg/day o
. g A O(lLtonne)/day capability
A Production capabilitf 120t over two years A UArpurity: > six nines

A UArpurity: threefour nines A Ultimate goal isotopic separation

DArTin ArDM, Spain
Facility for qualification oFArd ,

S Seruci-| ég
‘ Seruci-ll

Status % .' g 59 —
A Urania tested (U. Houston) belng mstalled in CO ~now i e
A Aria first module (26 m) tested, seé aperfull column not yet bunt

-~
.



https://epjc.epj.org/articles/epjc/abs/2023/05/10052_2023_Article_11430/10052_2023_Article_11430.html

SIPMR&D

JINST 12,
:  P09030 (2070)

PDU packaging and assembly at
NuovaOfficinaAsserg(NOA) at LNGS

500+

0- l : L_ L__L_‘&* Frra—
0 15 30 45 60 75

90 105 120
Filtered Amplitude [A.U.]

APhoton detection efficiency40%at 77 K

ADark count ratex0.01Hz/mm2 at 77 K

ASNR>8 for 10x10 cn? TPGPDU

Goal of coskeffective coverage for very large areas
Veto PDUs now being tested

SPAD SiPM Tile @4 SiPN) PDU 16 Tiles)

onmotni S ¢ pdic v vAIS ¢ T ¢ TAIS cdCi

n TPCyl € in Veto

7. = v



http://doi.org/10.1088/1748-0221/12/09/P09030

Cryogenics + Circulation

wCryo@ CERI
wTargetl000slpmcirculation speed T
wUp to10kW condenser Exchanger system

Cold Gas Ar

Cooling control
loop

LAr lines
Circulation Pump

Nitrogen Supply
& Phase Separator

Valve Control Panel %
& Monitor ©HGW Photod el

the gas handling system condenser system
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TPC

Wnsersystem %
_ e T Y 5
: UAr (Veto ” 3
wTPMesign Acrylic (PMMA) : a
PMMA barrel, cathode, anode @ e =

w ) ) | .g

" O

w Conductivepolymer Clevio$ coatingfor
anode,cathodég and field cage rings

wSS wirgrid (gate)

wESR as reflector and TPB as wavelengtr
shifteron barrel

wReadoutopticalplanesoutside
(transparent) cathode, anode

SS Vessel

15cm ) 40 cm

w1 ton LAr¢ testing starting ~now

Mockup TPC Design . Heat Exchangers

TN

Mockup at LNGS
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ARGO

Outer cryostat

UArMass:
Atotal 400tonnes
AfiduciaISOOtonnes

Liquid argon buffer
Ultrapure acrylic vessel
(7m diameter and height)

400tonneslow-radioactivity
argon within acrylic vessel

» 250m? PDCs covering full
¥~ acrylic vessel surface

SiPMassemblies arranged
as photonto-digital
converters (PD(Qs

Data rates: s ‘S M.
operation5k p.e/(m?xs) [PERINREIS | iy

calibration100k
p.e/(m?xs)

b
= X
\
e
. B X
= ._ _ _ _‘-,A 3
A as—




XLZD

wCollaboration brings together scientists frofENONLZ, and DARWIN

wPlan for staged approach:
wFixedradius + cryostat vessel

wVariableheight field cage
w40T->60T->80Tactive

wSee XLZD Design BoakXiv2410:17137
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https://arxiv.org/abs/2410.17137

L>é Key Challenges

wRadonremoval (reduced emanation, continuous purification)

wHigh voltage e.g.wire grids (related: fewelectron and fewphoton noise)
w~Photosensors (many channels, high LCE needed)

w~High circulatiorratesto maintainchemicalpurity

CPA024 Nov21, 2024 17




Xenon Purification and Circulation

wXENONRNTas proven distillation to be highly effective for Rn removal attiemne scale

wLiquidphase purification offers the prospect of higher circulation rates

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

W Distillation at Minsterfl

CPAR2024

LXe pump 4
motor

(npt phsmt) :  ‘;

cryogenic Ju : - . . Bl : '

B Liquid purification, S iy 2 removal
Xecllpse(Cqumbla) a3

outer = SLAC \J‘“&\ ~

"CS;C]S : : (outcrv sel) ( )
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Radon emanation mitigation

wSurfacecoatingswith ultrapure copper(MPIK Heidelberg)

w??Rnreductionfactor of 1500with 5 um coppe

wSee also: hermetic TPCrystalLiZe

Coating
Material O ***Ra

recoil \ surface
range

i Electrochemical plating
@ MPIKHeidelbeg g
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High Voltage R&- Grids

wWhat design is optimal for reduced/ghoton emission,
mechanical stability?

Phase IT Vessel

wWoven grids mitigate risk of shorts (LZ, SLAC)

wlLargescale tests of breakdown, precursors, chemical treatments

wUnderground testing?

Assemd xtraction Region

=
N

CPA024 Nov21, 2024 20



High Voltage R8¢ Breakdown +eedthrus

wCathode HV delivery particularly challenging (highest voltages) See J. Sor@talk11/20

wBetter understanding of dielectric breakdown in noble elemente XeBrA@ LBNL

I To linear stage

¥ MOTION-@ K




Electron drift

wHow reliably can we drift-eover3 m?

wScintillation light attenuation length?

Custom HV

1 Cooling tower
Cryostat with TPC

Heat exchanger

1
-
=
:
L-* Mechanical levelling system

Gas panel with getter
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Photosensors and Readout

wBaseline design uses PMTs
wColdPMT readout (SLAZYyoASIC, Rochester)

wDigitalSIPMs; SPADs + digital readout davice
wDark counts< 3x102 Hz/mm? active area @LXe temps

wReduced dark count VUMPMs

Digital SIPMs@ Heidelberg

- “0
b @ o = -
el L
H !

! n F ~ ’ I“'
L Vuv4 2

SiPMtesting @ Nagoya
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AlternativeLXe
Approaches

FOR WHEN A0 TONNESCALBJP OF EXISTINGECHNOLOGY
ISNY ADVENTUROUS ENOUGH FOR YOU

CPAR2024
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HydroX

See R. Corom@ltalk11/20

wlmproved sensitivity to low DM masses
+ spindependent models with hydrogedoping

wPotential LZ upgrade

CPA024
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HydroX

Imperial College
UC SANTA BARBARA London
5 R Henry Machine XENIA @
Y : @ UCSB: | Imperial:
Measure Henry coeff. for light high granularity SiPM readout
elements in LXe & LAr | , (6 ~150 pm)
Understand cryo properties of e Measure electron transport/drift
light gas mixtures : properties in H,-doped LXe
: TPC for i do
Tests of injection/extraction s ensit(izlritl;n proves 07k

rrrrrrr

i BERKELEY LAB
HydroX @ LBNL:

Low-energy DM signal
calibration:

HydroX @ SLAC:
Measure impact of H, on TPC
signals:

Impact on S2 (charge) signal

Purification + circulation with
mixed H2+LXe

Measure light and charge
yields of recoiling He and
H in doped LXe TPC
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CrystalLiZe

wFreeze LZ (solid/vapor two-phase TPC): see my tald 1/20
Radon emanated from surfaces now
excluded from solid bulk

win crystdiZe, Rn in bulk target from
LXephasewould be fixed,
decayaway in O100) days

. . - excluded

Heater

Heat sink
braids

RTD
SiPM
HV cables

wo 1T

frozen

RTD

Nov21, 2024
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CrystalLiZe

ADemonstrated at 700 g scale at LBNL
A Scintillation, ionization signals matchLXe
A Faster e- drift, higher e- extraction, higher density

A Radonexclusion factor of >600 x

A Scaleup to 25 kg planned at UT Austin
A Crystal growth speed and transparency

A HV quantification
A Compatibility with HydroX?

-
Cryocooler -— 57 1 Crystal
Heater <+=  Purifier 1.25} Coys [ Liquid
Inner Vessel Gas Panel "g
3 1.00}
Quter Vessel »—  Xe Pump o
Xe Cylinders § 0.75
2
€ 0.50t
o)
=
0.25¢t
0.00

Thermal Links  Heater 0 50 100 150 200 250 300
S1 area (phd)
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HermeticTPC

wPrevent Rn emanation by sealing TPC off from vessel Freiburg

wDesign space being explored

Nagoya
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