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Since 2017
The Global Argon Dark Matter Collaboration (GADMC)

GADMC unified in a single Collaboration more than 400 scientists interested in
DM searches with argon to explore heavy (and light) dark matter to the neutring
.flcor and beyond B L
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Other GADMC Talks at This Conference

Thomas Thorpe, Mar 31 at 8:00 AM:
DarkSide-20k: The Next Stage in the Direct Dark Matter Search Using Liquid Argon

Michela Lai, Mar 31 at 8:30 AM:
Dark matter search in DEAP-3600: results and prospects

Andrea Capra, Mar 31 at 3:45 PM:
From Photoelectrons to Bytes in DarkSide-20k

Federico Gabriele, Mar 31 at 6:00 PM:

The innovative Underground Argon Project: the path from procurement to purification for search of
Dark Matter

Roberto Tartaglia, Apr 1 at 8:00 AM:
The NOA Facility @ LNGS
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Fig. 4 a The F™¢  distributions at 110 Nys are shown for *°Ar B

prompt
events (background), together with the model fit, and for simulated DAy
recoil events (signal). b The background leakage probability (based on
the fit model to * Ar data) and signal acceptance (based on signal MC)
as a function of the PSD parameter is shown
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- both DEAP-3600 and

DarkSide-50 have
rejected more MIP’s
than we will

encounter in
DarkSide-20k
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Solar and supernova neutrinos:
DS-20k and Argo as neutrino observatories

Core-collapse supernova neutrinos Solar neutrino measurements
Sensitivity to core-collapse supernova burst High-precision solar neutrino measurements viag
neutrinos beyond the Milky Way, with >30 sensitivity electron-scattering and otherché
to the neutronization burst resolve solar
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SN Neutrinos via CEVNS S2-only in DS-20k

* 180 (350) neutrino events from 11 (27) Mo SNs at 10 kpc against 7 bg events

 Flavour insensitive, measurement of the entire SN-v flux

* Detection of the neutronization burst, sensitive to neutrino me Jder

* Measurement of SN mean and integrated neutrino ene
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The Cornerstones of the GADMC Program

* Pulse shape discrimination for complete electron recoil rejectior
nderground argon for pile—up avoi

 DUNE-Ilike cryostat for shlel
enhanced target |

e Use of PMMA vesse
PMMA for anode
enhancemer

e Custc
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Low-radioactivity, High Efficiency SiPMs

 Developed with Fondazione Bruno Kessler (FBK
 Photon detection efficiency: >40% at 77 K
 Dark count rate: <0.01 Hz/mm2 at 77 K

_.» SNR: >8 (TPC PDU

« A new tool for particle physics: low
noise, high-efficiency SiPM array
areas in a cost-effective manner

s

“Tile (24 SiPM)
5

130 X 30 um? 8 x 12 mm?



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

Step 1: SiPMs development

A. Gola et al.,Sensors 19, no. 2, (2019), 308

NUV-HD
40um cell pitch

12X8 mm?

450 550
e NUV vs RGB choice (POT) Wavelength (nm)

e Cell pitch and fill factor (FF) optimization PDE = QE X Po1 X FF
e E field profile = DCR+CN reduction PDE > 55% @ 290K

21




Step 1: SiPMs development

Cell size = 25 pum

NE a\o’
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100 150 200 250 300
Temperature (K) Overvoltage (V)

e DCR has 2 gengsation mechanisms e AP dangerous to PSD

e Thermal agitation dominant @T> 100K e Suppressed by introducing a dopant into
e [ield-assisted tunneling @T<100K the SPAD junctions.

- E field protile engineered to suppress tunneling. ® DICT suppressed by the low E field

22




Step 2: readout electronics design...

Vbias

Sector Vbias

! ! Mixed series/parallel
. . .
configuration
Reduce Cin@T|A
Preserve BW

M. D'Incecco et al.,
IEEE Trans. Nucl. SC|
65, 4, (2018), 1005 -

Summing stage v PDM

to readout 24 SIPMs

M. D'Incecco et al.,IEEE Trans. Nucl. Sci., 65, 1, (2017), 591-596

SIPM = current generators + huge output capacitance (~50pF/mm?2)

Transimpedance amplifier (TIA) High Bandwidth and Low Noise

SNR is reduced wrt a single SiPM, but still very high

Power dissipation is < 250mW per PDM

23



Step 2: ...and upgrades

“u“m__.- )

45 60 75 90 105

Filtered Amplitude [A.U.]

30

Switch from 4 sectors (6cm?2) to 1 single 24cm2 unit

Power dissipation < 50mW per tile

24
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Industrial Scale Underground Argon (UAr)

Production — URANIA — Cortez, CO, US

Eur. Phys. J. C(2021) 81:359
Industrial scale extraction plant
Extraction rate: 250-330 kg/day
Production capability = 120 t
over two years for DS-20k

UAr purity: 99.99%

Seruci-|
Seruci-ll

X
X
R

Seruci-0 (demonstrator) tested

350 m cryogenic distillation column
O(1 tonne)/day capability

Resulting UAr purity: 99.999%

SR e

{

e, JE
‘

DArtInArDI\/I: LSC-supported faci Ilty of quallflcatlon of UAr |n 39Ar and 42Ar -

.
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Keep the UAr production going!

* Once tuned at max production of 90 tonne/yr, the Ur nia-and Aria plantin
ﬁ‘f current form can produce all the UA -

e DarkSide-20k

 LEGEND

« COHERENT
Argo

Othe



DS-20k Cross Section Within Membrane Cryostat

View from Hall-C dOOFv N Membrane _ n’s*- Detector support system

“ProtoDUNE-like” ’

5 tonne crane cryostat Detector feedthroughs

Atmospheric argon
(AAr) volume (=700 t)

Vacuum vessel
containing UAr and

TPC/veto

Underground argon
(UAr) volume (=100 t)

[94Eq VINING-AD

“eg—ad Inner detectors”, TPC
=1 and neutron veto

Outer veto will consist
of SiPM arrays near

the cryostat walls
looking inward

SRS

. Concrete pad to support cryostat £

AR, .~

6 03/31/2023 Tom Thorpe — UCLA-DM



DS-20k Experimental Project Summary Timeline

o)

UCLA/LANL

Tom Thorpe
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Q2

2022

i% Hall C available for DarkSide

I:> Hall C infrastructure + Cryostat & AAr cryogenics installation

Q3

Q4

Ql

Q2

2023

UAr extraction and purification

Q3

or

i% NOA facility ready for Photodetectors production

I:.> Mock TPC procure, fabricate, assemble, operate

|:> Inner Detector procure, fabricate, assemble
assembly in Canada and LNGS facilities

Tom Thorpe — UCLA-DM

2024 2025 PAOPAS

Ql Q2 Q3 Q4 Ql Q2 Q3 Q4 Ql Q2 Q3 Q4

* Cryostat clean room ready for detector installation

Photodetectors production & testing

Detector installation in Hall C |:>
A

Detector installed
Ready to fill

A
) _ ¢ * UAr extraction begins

—————————>

All UAr delivered to LNGS ¢ ik

-



https://inspirehep.net/authors/1259722

ARGO: Key Elements of Conceptual Design

Front-side SIPMs with »
wavelength shifter and
backside-illuminated VUV-
sensitive SIPMs, arranged as
photon-to-digital converters

v P Outer cryostat

‘ . :
- X r =
py 3 :
e G 4

bb s Sl . - . LR
TS A . » . . v
. . o 2 - . <
i . ¥ ’

(PDCs). 5
S S
Data rates: « P
- - QQ’
e operation 5k p.e./(m2xs); N\ < N
e calibration 100k p.e./(m2xs). W % A N <
Both single- and double-phase ‘\ N\ Q\ . > PDCs Sovering ol
under active consideration. _ g ) - a5 < - acry > vessel surface
&4 <4 VI |
Event vertex reconstru€ < N - Ny
particle ID using_spat N N
temporal photon hit patt s e, TR
S A . I
) N N
UAr Mass: N\ < N
e total 400 tonnes:; N1

e fiducial 300 tonnes.



Development of photon-to-digital Going further to enable large scale detectors:
converters: A fully digital photodetector module

* Signal processing at sensor level
allows much simpler implementation;

* All-digital system not affected by
electronic noise encountered In
analog;

* Ability to disable noisy Single Photon
Analog Diodes (SPAD);

e Active quenching suppresses To reduce wire count and mass:

essentially all after-pulsing; * On tile power management e
* Bidirectional digital optical communication

Low background and cryogenic operation:

 Silicon based tile substrate - low background

e Excellent potential for time resolution: e CTE matched to silicon - PDCs and ASICs
~100ps.

* Lower power consumption: no event
no power for digitizing;

Leverages past CFl and NSERC funding:

.......

i f s B 1 ’,'x';_','v
| g B i)
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The GADMC
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Conclusion

* DarkSide-20k in construction, operation expected by 2026:

H- ‘ Ié?(”citing prospect for first direct
f instrumental background

* Argo on the longer term horizo B
+ Compelling programdolext

detector, exploiii

SiPMs phao

* 1 tonne






