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“Looking for dark matter”
according to ChatGPT

Query by Michael Perry



Global Argon Dark Matter Collaboration
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More than 400 researchers, at more than 100 institutions, in 14 countries

DEAP-3600

DarkSide-50

DarkSide-20k ARGO

… and multiple related liquid argon detectors; R&D and QA infrastructure



Related presentations at CAP 2025
• Asish Moharana (Carleton)

• SiPM Optical Modeling and Optical Crosstalk Simulation for ARGO 

• Austin Murray (Queen’s)
• DEAP-3600 Hardware Upgrades and Third Fill 

• Serge Charlebois (Sherbrooke)
• Development of Photon-to-Digital Converters – A 3D Integrated Digital Single-Photon Detector 

for Large Scale Photodetection Systems 

• Mark Boulay (Carleton)
• Searching for Dark Matter within the Global Argon Dark Matter Program: 

DEAP-3600, DarkSide-20k and ARGO 
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https://indico.global/event/442/contributions/125648/
https://indico.global/event/442/contributions/125209/
https://indico.global/event/442/contributions/125178/
https://indico.global/event/442/contributions/125178/
https://indico.global/event/442/contributions/129131/
https://indico.global/event/442/contributions/129131/


Outline
• Latest results from !"#$ %&'(() at SNOLAB

! Physics analyses with second-fill dataset

! Hardware upgrades complete!  Third-fill underway

• !*+,-./0 %1(,) under construction at LNGS, Italy
! Key Canadian contributions

• The Future
! Photon-to-digital converters (PDC)
! ARGOlite demonstrator  !   DarkSide-LowMass

• #234
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DEAP-3600 @ SNOLAB
• Data collected in 2016-2020

with 3269 kg of liquid argon
• Reject electronic recoil backgrounds 

using 5678089*50)/.8:+.;.<*=.><)(PSD)
! Demonstrated 10!"#$leakage fraction

at 50% nuclear recoil acceptance
• DEAP Collaboration (2020) EPJC 80, 303
• DEAP Collaboration (2021) EPJC 81, 823

• Best limits on DM interactions with argon
• DEAP Collaboration (2019) PRD 100, 022004
• DEAP Collaboration (2020) PRD 102, 082001
• DEAP Collaboration (2022) PRL 128, 011801
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https://epjc.epj.org/articles/epjc/abs/2020/04/10052_2020_Article_7789/10052_2020_Article_7789.html
https://link.springer.com/article/10.1140/epjc/s10052-021-09514-w
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.022004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.082001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.011801


DEAP-3600: Latest results
! !"#$%&'"()"$*+,")"-%($-.("/%,$01#$%&1-(

12(%3"(*4&-%&##$%&1-(!"#$%&'$()*+%,-.)
12($#03$50$,%&4#"*(&-(#&6+&.($,71-

! !"#$%&'(()*'+),-'.%/01023%"$4&%526%57

! 8"$*+,")"-%(12(%3"(!" /.)01#%'*'%)+%,'2',3
&-($%)1*03",&4($,71-

! 0.964 ± 0.001 [stat] ± 0.024 [sys] Bq/kg!"#$%
! !"#$%&'(()*'+),-'.%/01083%"$4&%586%9:0

! 9&,"4%()"$*+,")"-%(12(%3"(!" /.)&+4*54'*#
! 302 ± 8 [stat] ± 6 [sys] years
! #;;<=,<>%*?%"$4&6%)+@-AB021CDC8CE9

! :1*&%&1-(,"41-*%,+4%&1-(&-(9;<:5=>??
! ! "#$%&'(")*+$,')F)-.G,%GH)>'I<>%)(=H)%><;)?G%J+'K%.<;L
! #;;<=,<>%*?%4MNOP6%)+@-AB0218DC1858 7

https://link.springer.com/article/10.1140/epjc/s10052-024-13518-7
https://link.springer.com/article/10.1140/epjc/s10052-023-11678-6
https://arxiv.org/abs/2501.13196
https://arxiv.org/abs/2503.10383


DEAP-3600: Coming up
• ?@A$)/ *+,);*==0+)80*+:9)using the

profile likelihood analysis method
in the full second-fill dataset

• 5B solar <06=+.<>)*B8>+5=.><

• 5.5 MeV solar axion search
• Muon flux measurement

• Results from =9.+/%C.77)/*=* )to be collected
in the upgraded detector configuration
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Dust alpha
control region

Great S/B
in high-E ROI



DarkSide-20k @ LNGS
! 9+$#503$*"(@:A(B&%3(67),-$$#0)"$8#.(.-"$8)+.(-$ (CD<,EF(G?(%1--"*(2&.+4&$#

! H"-*&%&'&%I(%1(.$,J()$%%",(&-%",$4%&1-*
! &'Ar NR: DS-20k Collaboration (2018) EPJ Plus 133, 131
! e(: DS-20k Collaboration (2024) Nature Comm. Phys. 7, 422

! H+0",-1'$(-"+%,&-1*
• DS-20k Collaboration (2021) JCAP 2021, 03, 043

! 9#3):+$+8'+$)%-$,.';",'-$0<
! Construction of the time projection chamber
! Material assay and quality control for radiopurity
! Surface coatings
! Data acquisition system
! Calibration systems
! Underground argon extraction with URANIA
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https://link.springer.com/article/10.1140/epjp/i2018-11973-4
https://www.nature.com/articles/s42005-024-01896-z.epdf
https://iopscience.iop.org/article/10.1088/1475-7516/2021/03/043


DarkSide-20k photodetector system
• Photo-detection units each 400 cm0

! SiPMs by FBK, model NUV-HD-Cryo
• Technology transferred to !"#$%&'(

! Device meets or exceeds all requirements
• A. Gola et al. (2019) Sensors 2019, 19(2), 308

! Fabrication in progress!
• Quality assurance and quality control paper: DS-20k Collaboration (2025) EPJC 85, 534

10680 PDUs: 528 in TPC, 128 in Veto

! %&'(')*(*+(,'-$*..,+,*-+/$0$1#2$3($14#$-5
! 6'7$-',8*$3($69:$(*5;*:3(<:*$3-)$=$>$'?*:?'@(3A*B$

$ CDE$F$#G"$HIJ55! K$9%$F$#G"$,-$L$M8
! E3),';<:,(/B$*N;*+(*)$(,@*$+'-(:,O<(,'-$('$-*<(:'-$

$ O3+PA:'<-)$FF$#G"$*?*-($J$4##$(!/

)*+,-  (900 µm! )

https://www.mdpi.com/1424-8220/19/2/308
https://epjc.epj.org/articles/epjc/abs/2025/05/10052_2025_Article_14196/10052_2025_Article_14196.html
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The present: Analog SiPMs
DarkSide photodetector unit (PDU) 
assembled at Nuova Officina Assergi,
INFN LNGS

The future: Digital SiPMs
Photon-to-digital converter (PDC) tile
from U. Sherbrooke with Teledyne-DALSA



Photon-to-digital converters (PDCs)
• Also known as &!)/.D.=*7)-.$A8

" Analog front-end electronics replaced by 
digital active quenching circuit for each SPAD

" Reduced power dissipation
" Noise reduction from enhanced capability and 

flexibility of !"#$%&'()*+,-.%&%/)+-(,)."'/-,+,!/("#%!0
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J.-F. Pratte et al. (2021) Sensors 2021, 21(2), 598
T. Rossignol et al. (2024) JINST 19, P09017

https://www.mdpi.com/1424-8220/21/2/598
https://iopscience.iop.org/article/10.1088/1748-0221/19/09/P09017


ARGOlite: technology demonstrator for ARGO
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• -.<D70%59*80)detector with 200 kg UAr
! Fully instrumented with digital SiPMs (either 3D PDCs or “2.5D” ATARI devices or both)
! Smart DAQ: machine-learning algorithms for event identification and reconstruction

ARGOlite design in the
DEAP-3600 water tank
in Cube Hall at SNOLAB

ARGOlite
preliminary
design with
SiPM tiles



DarkSide-LowMass
• Dual-phase UAr TPC (1.5 tonnes) 

optimized for low-mass dark matter 
search in .><.E*=.><%><7F):9*<<07 (S2)

! Could be located in Cube Hall
! Sensitivity all the way into neutrino fog

14Global Argon Dark Matter Collaboration (2023) PRD 107, 112006

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.112006


ARGO @ SNOLAB
• Ultimate direct detection experiment with argon

! 400 tonnes underground argon
! 250 m! of digital SiPMs for full coverage
! Smart DAQ system

• Designing single-phase option for Cube Hall
! Minimize neutron backgrounds
! Position reconstruction against surface alphas
! Photodetector system design and simulation

• Detector layout optimization
• Quantify impact of external cross-talk
• Performance requirements

• Part of collaboration works on dual-phase option 15

SiPMs to cover
full AV surface
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+ ! "#$%&'()*+,-&.-)with ARGO:
 Sensitivity to supernova neutrinos all the way to the Large Magellanic Cloud
 Measurement of intermediate-energy neutrinos with enough statistics to resolve the solar metallicity problem 

/(%0120"31&'4)
"5*".$"1)-"'-&$&6&$,
to WIMP dark matter,
all the way into the
neutrino fog



Summary
• G.H6./)*+D><)/0=0:=>+8)have potential to reach world-leading sensitivity 

for the direct detection of dark matter
! Global Argon Dark Matter Collaboration has a research plan for the next decades
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New collaborators
are very welcome!


