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Ii Dark Matter Halo

v,

Galactic Bulge /
Galactic Disk

Noble element

Liquid at ~87 K (P ~ bar)

Relatively light nucleus

Efficient scintillator (~ 40k photons/MeV)

Transparent to its own scintillation light
(128 nm)

Relatively cheap and easy to purge

Activity mainly set by the 3°Ar abundance
(Q =565 keV)

Unique Pulse-shape Discrimination
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Pulse Shape Discrimination in Argon:
Either singlet or triplet argon excimer
states, with ratios depending on the kind
of recoil.
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All that you can do with a
tonne-scale LAr detector...

Most precise measurement of the 3°Ar specific

activity in Atmospheric Argon
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DEAP-3600 (this work)

0.964 4= 0.0015¢ &= 0.024y,




All that you can do with a
tonne-scale LAr detector...

Most precise measurement of the 3°Ar specific
activity in Atmospheric Argon

Extrapolation of the QF values into the low-energy

region down to 10 keV
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All that you can do with a
tonne-scale LAr detector...

Ultra-heavy DM candidates: extremely low number density in the halo, ?
need for tonne-scale exposure and pretty high cross-section, hence

multi-scattering in LAr!
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All that you can do with a

tonne-scale LAr detector...

Ultra-heavy DM candidates: extremely low number density in the halo, ?
need for tonne-scale exposure and pretty high cross-section, hence

multi-scattering in LAr!
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Coming soon from DEAP-3600: First search

All that you can do with a
tonne-scale LAr detector...

for solar neutrino absorption in 4°Ar

vV . +tH0Ar ->490K* + e

Expected neutrino signal
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CASCADE: Geant4 Code for Allowing Simulation
of n-Capture and De-excitation with ENSDFgamma
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https://arxiv.org/abs/2408.02774

Phys. Rev. D. 100, 022004 (2019)

WIMP mass [GeV/c?]
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Chris Jillings poster on

the hardware upgrades!
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Nuclear Recoil (NR)
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Additional research program:
sensitivity to sub-GeV mass
candidates with S2-only
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Next step: DarkSide-20k experiment!

Three nested detectors designed for
being instrumental background free in 10
years of data taking
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Gradient of Xe discovery limit, n = —(dIn¢/dIn MT) ™}
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ARGO will be the ultimate experiment from GADMC

UAr Mass target: 400 tonnes (300 fiducial)
S1PMs arranged as photon-to-digital
converters (PDCs) <
5x 103 PE/m?2 x s during operations ¢ Baeetes
1 x 105 PE/2 x s during calibrations |

b Outer Criostat

" ~ Liquid Argon buffer
Ultrapure acrylic vessel
o 400 UAr mass target

% within the vessel

~ 250 m2 PDCs on the

M acryclic surface
Currently performing detailed |

background calculations to refine
concept.

Need to determine if SNOLAB Cube

Aiming to complete the key features
Hall would allow adequate shielding

of its design in the early 2030’s.




Sensitivity to core-
collapse supernova
neutrinos...




... up to the Large
Magellanic Cloud...
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... thanks to the Low-
Mass dark matter
search!
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Vicente Pesudo’s talk!
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Vicente Pesudo’s talk!
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at the very cente
search...
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Majorana neutrino mass

Matter-antimatter asymmetry
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Majorana neutrino mass

(Z,A) — (Z+2,A)+2€+25+Q,3,3
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E, = Qperc — Ex(2.47 keV) — E; (0.23 keV) = (429.88+0.19) keV
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Search for 1-10 GeV/c? dark matter with \ /
the Scintillating Bubble Chamber in Xe-
doped Argon!

SiPMs = I

| e oo e | e

JINST 19 (2024) 01, C01023
Xe-doped Ar,

: L ; . Tazget flnid with options for pure Ar, Xe, Ny, or CF,
e _I?ima _— acgl'zﬁc —— [m;} L Fiducial volume 10 L (10 kg LAr at 130 K)
- : : . Thermodynamic regulation +0.5 K, £0.1 bar (5 eV Seitz threshold)
JT e gi ’ Seitz threshold Down to 40 eV (LAr at 1.4 bara, 130 K)
' \ Wi Scintillation detection 1 photon per 5 keV NR in Xe-doped argon
, |,| N, j| Hl '\ | PHI ||, , , Bubble imaging stereoscopic at 100 fps with mm-resolution
-50 0 50 100 150 200 . _ Time-of-nucleation reconstructed to
Time from PMT trigger [ns] Acoustic reconstruction

125 us resolution
Universe 9 (2023) 8. 346
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Search for Ovpp in DUNE FD by with
Xe-doped LAY!
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* 10 x charge yield increase at O(ppm) Xe-
doping increas levels of photosensitive
dopant would imply a 1% @ 1MeV in
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DarkSide-Low Mass could also be 1 tonnes of active UAT volume

filled with Xe-doped Ar o Optimized for the S2-only analysis
o Sensitive to the neutrino fog with 1 tonne
year exposure

Structural supports
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Phys. Rev. D 107, 112006 (2023)



...As well as the 3DII scanner!

* Time-of-Flight PET scanner Total body

* Xenon-doped argon as scintillator medium observed

by NUV-sensitive SIPMs
* Low dose or ultra-fast scanning time!

NSS/MIC 2021 and RTSD2021
Proceedine

Positron emission and

positron-electron annihilation

PET scanner

Positron-emitting
radionuclide
\'. Posilron
Electron
— il a
511 keV 511 keV
gammAT®Y Annihilation 3T Y LN
Gamma ray
detectors
PoS EPS-HEP2021 (2022) 778
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50 tonnes (TPC) of UAr + 27 tonnes of UAr
(Inner Veto) + 650 tonnes of AAr (Outer Veto)
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* Low activity UAr found in 2009 at Southwest
Colorado CO, wells and purified at FNAL for
DarkSide-50, with a rate 140 g/day

* Urania will be built next to the previous site by
Polaris S.p.A.

* Expected extraction rate 250 kg/day

UAr extraction performed at Urania,
currently under construction
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Photosensors have being tested in NOA facility, Italy,
while the read-out is developed at TRIUMF

TPC: 525 PDU

- L ; 7_ v‘ 73
NOA facility |
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* Expected purity from URANIA: 99.9 %

At least two more orders of magnitude

needed for DarkSide-20k

e Aria: argon cryogenic distillation plant

Eur. Phys. J.C 81 (2021) 4, 359

TB
- 36(38)—4?_.

=
L]
[y

[
. Ul
w wun
IHHiIIl‘l![H|IIII|IIII|IIII|J—£—I—I—P—l—I—I—
——
——

(=

Separation S
w
18]

.15

3
°.-:IIII

e Seruci-1: 350 m tall distillation column

* Seruci-0: 26 m tall already demonstrated
1 30Ar - 40Ar separation performances in a few
days run
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39Ar essay in DArT with ArDM: small low-
background detector located at Laboratorio
Subterraneo de Canfranc (LSC, Spain),

1400 m.w.e undergound

ArDM: 850 kg AAr

JINST 15 (2020) 02, C02044
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event / 0.001 s / 1 ton
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Relative Measurement and Extrapolation of the Scintillation Quenching
Factor of a-Particles in Liquid Argon using DEAP-3600 Data

Three data points for the alpha
Quenching Factor (QF) in the range

e ——————————— “gRn
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Extrapolation of the QF values into the low-

energy region down to 10 keV

The energy-dependent QF product of the best-

fit electronic QF curve and the nuclear QF

curve from TRIM
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Background Index (cts/(keV-kg-yr))
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