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• DarkSide-20k @ LNGS (49.7 tonnes active), foreseen by 
late 2026 

• Established in 2017 

• Counting > 500 members > 100 institutions in 14 countries 

• Future detectors: 

✦ARGO (3000 tonne-year exposure, foreseen in 2030s) 

✦DarkSide Low-Mass (1 tonne-year exposure)
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Global Argon Dark Matter Collaboration



• Argon:  ns, 1600 ns PSDτs ≈ 6 τt ≈ →
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Pulse shape discrimination

Phys. Rev. D 93, 081101 (2016)  

f90 =
∫ 2μs

−5μs
S1dt

∫ 90ns
0

S1dt

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.081101
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• World-leading PSD was 
demonstrated in 
DEAP-3600, using 
Atmospheric Argon 

• ER background rejection 
efficiency as high as 108  in 
DarkSide-50, using a double 
phase TPC
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Pulse shape discrimination

DEAP-3600

Eur. Phys. J. C 81,823 (2021)

https://link.springer.com/article/10.1140/epjc/s10052-021-09514-w


• Atmospheric Argon has 1 Bq/kg of 
activity due to 39Ar decays (Q = 565 
keV, t1/2 = 269 years) 

• Underground Argon extracted from a 
CO2 mine in Colorado (400 ppm 
Argon in CO2) strongly reduced ERs 
in DarkSide-50 

• Overwhelming pile-up within 3.5 m 
drift length in DarkSide-20k if filled 
with AAr

β
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Underground Argon

X 1400

Phys.Lett.B 743 (2015) 456-466

https://www.sciencedirect.com/science/article/pii/S0370269315001756
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Underground Argon

URANIA

ARIA

DArT LNGS



• Low activity UAr found in 2009 at 
Southwest Colorado CO2 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.
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Argon Extraction: Urania

• Expected extraction rate 250 kg/day 

• Additional experiments interested in UAr from Urania: 
Argo, COHERENT, LEGEND
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Argon purification: Aria  

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

• Expected purity from URANIA: 99.999 % 

• At least two more orders of magnitude needed for 
DarkSide-20k 

• Aria: argon cryogenic distillation plant 

• Seruci-1: 350 m tall distillation column

https://epjc.epj.org/articles/epjc/abs/2021/04/10052_2021_Article_9121/10052_2021_Article_9121.html


• Expected purity from URANIA: 99.999 % 

• At least two more orders of magnitude needed for DarkSide-20k 

• Aria: argon cryogenic distillation plant 

• Seruci-1: 350 m tall distillation column 

• Seruci-0: 26 m tall already demonstrated 36Ar - 40Ar separation 
performances in a few days run
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Argon purification: Aria  

Eur.Phys.J.C 81 (2021) 4, 359 Eur.Phys.J.C 83 (2023) 5, 453

https://epjc.epj.org/articles/epjc/abs/2021/04/10052_2021_Article_9121/10052_2021_Article_9121.html
https://link.springer.com/content/pdf/10.1140/epjc/s10052-023-11430-0.pdf


• DArT: small low-background detector located at 
Laboratorio Subterràneo de Canfranc (LSC, Spain), 
1400 m.w.e undergound
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Argon essay: DArT

JINST 15 (2020) 02, C02044

ArDM, a LAr 
TPC (850 kg AAr) 

https://iopscience.iop.org/article/10.1088/1748-0221/15/02/C02044


• DArT: small low-background detector located at 
Laboratorio Subterràneo de Canfranc (LSC, Spain), 
1400 m.w.e undergound
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Argon essay: DArT

J. Phys.: Conf. Ser. 2156 012043

F640 < 0.5

JINST 15 (2020) 02, C02044

https://iopscience.iop.org/article/10.1088/1742-6596/2156/1/012043/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/15/02/C02044
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Inner Detector
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TPC

Active (fiducial) UAr Mass: 
49.7 (20.2) tonnes
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anode, cathode and field cage 
rings
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TPC

Active (fiducial) UAr Mass: 
49.7 (20.2) tonnes

CleviosTM coating serving as 
anode, cathode and field cage 
rings

ESR + TPB

• LY at null field: 10 PE/keVee 

• S2 yield > 20 PE/e-
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Neutron Veto
Neutron veto Active 
UAr mass = 32 tonnes
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Neutron Veto
Neutron veto Active 
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Outer veto

650 tonnes
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Outer veto
Low radioactivity membrane cryostat

650 tonnes
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Outer veto
Low radioactivity membrane cryostat

Light yield 10 PE/MeV≈

650 tonnes
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Outer veto
Low radioactivity membrane cryostat

Light yield 10 PE/MeV≈

For the WIMP search: 
cosmogenic < 0.016 events in 
10 years exposure

650 tonnes
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Photodetection

Requirement for 
DarkSide-20k

• Silicon Photomultipliers (SiPMs) 
guarantees the best energy resolution 
compared to photomultipliers tubes



27

Photodetection

Requirement for 
DarkSide-20k

• Silicon Photomultipliers (SiPMs) 
guarantees the best energy resolution 
compared to photomultipliers tubes



28

Photodetection

Requirement for 
DarkSide-20k

• Silicon Photomultipliers (SiPMs) 
guarantees the best energy resolution 
compared to photomultipliers tubes



29

Photodetection

Requirement for 
DarkSide-20k

• Silicon Photomultipliers (SiPMs) 
guarantees the best energy resolution 
compared to photomultipliers tubes 

• NUV-HD Cryo SiPMs developed with 
Fondazione Bruno Kessler meet all 
DarkSide-20k requirements

Single Photo-Electron Response for 
filtered waveform from FBK NUV-
HD-CRYO SiPM at  7 V of OV

A. Gola et al. Sensors19(2), 308 (2019)

https://www.sciencedirect.com/science/article/abs/pii/S0016703716305658
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Photodetection

Tile+

24 SiPMs = 1 Tile

5 cm

5 cm
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Photodetection

PDU
20 cm

20 cm

14 Tiles = 1 PDU

Nuova Officina Assergi

Test facility in Naples

Tile+

24 SiPMs = 1 Tile

5 cm

5 cm
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Photodetection

PDU

Tile+

24 SiPMs = 1 Tile

20 cm
20 cm

5 cm

5 cm

14 Tiles = 1 PDU

3.6 m

OV: 32 vPDU

IV: 20 vPDU

TPC: 525 vPDU

Nuova Officina Assergi

Test facility in Naples
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DAQ
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Double Phase TPC

• With 20 tonnes x 10 years:

• Instrumental background: 
< 0.1 neutrons in RoI (30~200 keVNR)

• 90% C.L. exclusion: 
6.3 x 10-48 cm2 at 1 TeV/c2
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Multi-messenger
• Demonstrated outstanding sensitivity to neutrinos from an eventual Core Collapse Supernova
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Multi-messenger
• Demonstrated outstanding sensitivity to neutrinos from an eventual Core Collapse Supernova

Journal of Astroparticle Physics 03(2021)043 

https://iopscience.iop.org/issue/1475-7516/2021/03


43

Multi-messenger
• No PSD available, extremely low background in the SN time-

lapse 

• Unique sensitivity among noble liquid detectors to Core-Collapse 
supernovae 

• Sensitive to all neutrino flavors

Journal of Astroparticle Physics 03(2021)043 

https://iopscience.iop.org/issue/1475-7516/2021/03
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Multi-messenger
• No PSD available, extremely low background in the SN time-lapse 

• Unique sensitivity among noble liquid detectors to Core-Collapse 
supernovae 

• Sensitive to all neutrino flavors 

• Sensitivity up to the Milky Way Center also to the neutronization burst 
only 

• Contribution to the Supernova Early Warning System  

•

Journal of Astroparticle Physics 03(2021)043 

https://iopscience.iop.org/issue/1475-7516/2021/03


Physical Review D 104, 082005 (2021)
6 keV (S1+S2)0.4 keV (S2-only)
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Low mass searches Additional research program: 
sensitivity to low mass candidates with S2-only
No PSD available
Background from spurious electrons at < 4 e-

•

Physical Review Letters 130, 101001 (2023)
 [1.2 -3.6]GeV/c2

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.082005
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.101001
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Physical Review Letters 130, 101002 (2023)

Anelastic scattering of 
fermion or bosons on 
Argon through light 
mediators

Low mass searches

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.101002
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Anelastic scattering of 
fermion or bosons on 
Argon through light 
mediators

Absorption of ALPS by 
argon shell electrons 

Low mass searches

Physical Review Letters 130, 101002 (2023)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.101002


• Optimized for the S2-only analysis
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Low mass

Phys. Rev. D 107, 112006 (2023) 

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


• Optimized for the S2-only analysis 

• Sensitive to the neutrino fog with 1 tonne year exposure
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Low mass

Phys. Rev. D 107, 112006 (2023) 

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


• Time-of-Flight PET scanner Total body design 

• Ongoing R&D using DarkSide-20k technology on 
medical physics 

• Xenon-doped argon as scintillator medium observed 
by VUV-sensitive SIPMs 

• Low dose or ultra-fast scanning time!
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3DPi

NSS/MIC 2021 and 
RTSD2021 Proceeding PoS EPS-HEP2021 (2022) 778

https://ieeexplore.ieee.org/document/9875839
https://inspirehep.net/files/79457c8e423f6c934b6ee2ffa8297334


• DarkSide-20k is the first experiment 
from GADMC, now in the construction 
phase at LNGS

• Material essay, geometry and R&Ds 
pursued to make it an instrumental 
background free experiment 

• DarkSide-50 has achieved instrumental 
background free high mass WIMP 
results, and world-leading low mass 
WIMP results

• These results will at minimum scale 
with DarkSide-20k target mass

• Contribution to SNEWS
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Take home
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On behalf of



• Octagonal shape dual phase TPC 

• Active UAr Mass: 49.7 tonnes 

• Fiducial UAr Mass: 20.2 tonnes 

• Structure built in pure and Gd-doped acrylic 

• ESR serving as reflector and TPB as wavelength shifter 

• Drift field: 200 V/cm 

• Extraction field  2.8 kV/cm 

• CleviosTM coating serving as anode, cathode and field 
cage rings 

• Stainless steel wire for the electron extraction grid  

• Gas pocket thickness: (7.0  0.5) mm 

• LY at null field: 10 PE/keVee 

• S2 yield > 20 PE/e-

≥

±
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Inner detector
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ER Ionization yield

WIMP Search Region
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Low mass searches

Physical Review Letter 130, 101002 (2023) 

νs + e− → νe + e− ν̄s + e− → ν̄e + e−

First search for sterile neutrinos in a noble liquid filled 
dark matter detector

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.101002

