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Direct DM search future directions
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Paolo Agnes, LIDINE 2019, Manchester

The DarkSide Program

The Global Dark Matter Argon Community aim to perform a 
search for DM with dual-phase LAr TPC down to the 
neutrino floor, collecting exposure which is free from 
instrumental background 


With DarkSide-50 and DEAP-3600: potential of PSD (pulse 
shape discrimination) for background-free searches


DarkSide-50 world-leading result at low-mass 2-4 GeV/c2
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Liquid Argon double phase TPC
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S2S1

NR

ER

—> Ar Pulse Shape Discrimination of ER ~109

Time delay —> z coord.

PSD specific to Argon (1 ns and 1.5 
microsec singlet - triplet scintillation 
emission time constants. 

Unlike in Xenon were they are similar 
and only discriminant is S2/S1 ratio 
(rejection power 1/250) 
ok also for argon
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The DarkSide program timeline
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DarkSide-50 (end) 

Sensitivity to WIMP 
-nucleon cross 
section  10-44 cm2 for 
a WIMP mass of 100 
GeV/c2. Leading S2 
only low mass limit 
(2018). 
—> Updated result in 
2022

DarkSide-20k @LNGS (2023-26) 

50t UAr (20t fiducial) acrylic TPC, 8280 
PDM channels. Acrylic+Gd n-veto in AAr 
protoDUNE cryostat.100 ton-yr exposure. 
TDR submitted dec.21, now baselined 
Sensitivity to WIMP-nucleon cross sec. of 
2.10-48 cm2 at 100 GeV/c2 WIMP mass.

Proto-0 @NA (now) 

Acrylic TPC, test first PDM 
motherboard, S2 studies. 
Running @ Napoli:

TPC Mockup (2023) 
Scaled down DS20k 
version, 0.4t active LAr 
acrylic TPC.Test: final 
detector design & UAr 
cryogenics. 
CERN —> now LNGS:

Y. Wang UCLA  07/30/2019

Prototyping
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Proto_0 

• ~10 kg LAr in active volume 

• Test of new techniques: 
conductive polymer (Clevios), 
ESR, wire grid… 

• S2 related study: pulse shape, 
X-Y

Proto_1ton 

• ~350 kg LAr in active volume 

• Sealed acrylic TPC 

• Scaled down version of DS-20k

Global Ar DM Collaboration, GADMC: 
ArDM, miniDEAP, DEAP-3600, DarkSide-50 

… and future 300t ARGO  

ReD @LNS (now) 
Acrylic TPC to test NR 
response to low energy 
recoils



The proof of principle: DS50 with UAr
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NR

ER

x 1400 ER background reduction factor 
measured with the first use of depleted UAr 

Calibration



DS50 results in high mass DM search
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Before and After active neutron veto tagging: 

UAr DS50 TPC background-free for exposure of 44 ty —> DarkSide-20k scales to 200 ty

zero-background DM search



The Underground Argon road: URANIA and ARIA
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Also of interest for other future experiments: LEGEND, COHERENT, Argo, DuNe R&Ds



DS50 results in low mass DM search
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DS50 2018 analysis updated in 2023 with 
new calibration, selection and MC. 

Only S2 ionization signal (recoil energy 
too low to have scintillation S1). 

Non zero background search. Limited by 
energy response at low energy and 
internal ER back. 

World best sensitivity to GeV DM and 
sub-GeV adding Migdal effect 



DarkSide-20k construction in LNGS Hall-C

9Sandro De Cecco



10Sandro De Cecco

DarkSide-20k inner detector design



DS-20k Inner detector: nested TPC & neutron Veto
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Gadolinium loaded PMMA neutron veto

Gd-PMMA

- Gd(MAA)3-doped acrylic with 1 wt% Gd 
concentraIon —> new material (transparent) 

- 15 cm thick panels, 4π coverage: TPC walls, 
top & boSom endcaps. 

- 40 cm thick external UAr buffer with PEN 
w.l. shiYers and SiPMs (+ UAr in TPC) to 
detect scinIllaIon from Gd gamma’s.



DarkSide-20k cryogenic SiPMs
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- NUV-HD-cryo SiPMs R&D by FBK & DarkSide 
- Preproduction tested at cold in several sites 
- Tech. Transfer and Production at LFoundry (SiPMs 

produced in 2022, currently tested 
- Mass assembly is starting at LNGS 

S/N ratio > 8; time res. ~ 10 ns

Technology change from PMT to low background SIPMs to cover large areas w high efficiency



Photo Detection Units production and test
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PDU assembly and mass production at NOA clean room, 
a 400 m2 new infrastructure at LNGS

PDU mass test at Napoli cryogenic facility 
also now testing long term performances and 
PDU prototypes, proto0 for S2 reco + DAQ.

ex.: Single PE response
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General neutron background budget in 200 t yr
Total NR background events from alpha-n neutrons in 200 t yr : 0.095

… + 3.2 events from CEvNS (irreducible atmospheric v background))



DarkSide-20k sensitivity
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—> Unique to DarkSide-20k, a zero instrumental background experiment:

< 0.1 neutrons in RoI (30 - 200 keVnr) with 200 t-y exposure. 



LHC and Direct DM search complementarity
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DarkSide-LowMass sensitivity
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For a conceptual low background 1 ton UAr TPC ~ 1 year exposure: 

DarkSide-20k sensitivity to low mass DM paper in preparation (will be very high) 



DarkSide-20k construction schedule
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Commissioning



GADMC: the Global Argon Dark Matter Collaboration
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Global Argon Dark Ma9er Collabora;on : 400 scien;sts - 14 countries 

Fundings for DarkSide-20k: INFN, MIUR, CIPE, RA, RAS (Italy), NSF and DOE (U.S.), CFI and NSERC 
(Canada), STFC (UK), IN2P3 (France), Poland and Spain Ministries for Science and EducaIon



BACKUP
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DarkSide-20k Cryostat
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Including: warm/cold membranes and 
AAr cryogenic system 
Installation started in Hall-C: Apr. 23 
—> ends in Dec. 2023
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DarkSide-20k in LNGS Hall-C
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DarkSide-20k TPC parameters
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The Underground Argon road: URANIA and ARIA
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100 T

           100 t
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DS-20K keys/URANIA
• Procurement of underground 

argon at the Cortez(Co) site 
from Kinder Morgan wells will 
be expanded 

• Support by 2013 MIUR 
Progetto Premiale Urania 
(€2.3M) will provide a plant 
capable of extracting 100 kg/
day of UAr 

• Air Products started operation of 
its helium extraction plant in June 
2015 
➢ will provide ~20% of the production 

for the US National Helium Reservoir 
in Amarillo, TX 

• Will exploit a slip-stream from the 
helium plant, the new Argon 
plant will be designed and built 
by Polaris SRL. 
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DS-20K key points/URANIA

• Helium plant working, Urania plant engineering completed 
• Modular units fabricated in Italy and shipped to US 
• Installation in 2022 at Kinder Morgan site in Colorado
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URANIA is a Pressure Swing Absorption plant (PSA)



DS-20K key points/ARIA
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DS-20K keys/ARIA

ARIA: 350 mt tall cryogenic distillation column in Carbo Sulcis Seruci well : Regione Sardegna & 
INFN initial capital investment 

- Seruci-0 module in operation, run with Argon in October 2021 

- First article on cryogenic distillation with Aria and results of Seruci-0 run III: published on EPJC: 
https://link.springer.com/article/10.1140/epjc/s10052-021-09121-9  

- Industrial operation to improve availability and affordability of 13C, 15N, and 18O, crucial for 
medical and nuclear energy applications
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https://link.springer.com/article/10.1140/epjc/s10052-021-09121-9


DarkSide-20k UAr cryogenic systems
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Condenser box



DarkSide-20k UAr cryogenic system test at CERN
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Built and tested at CERN until April 2022: 
Stable results inline with expectations 
(cooling power and flow) efficiency above 95% 

—> Installation at LNGS with TPC mockup test late 2023



DarkSide-20k TPC details
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DarkSide-20k TPC field rings
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Resistive polimer 
(RM Clevios) coated 
On Gd-Acrylic



DarkSide-20k Inner detector parameters
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DarkSide-20k background free strategy
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ER backgrounds : 

39Ar : expect 1.8x108 events in ROI with UAr (based 
on ) ! push PSD to 109 (possible) higher LY 
(SiPMs) and/or further depletion factor DAr/UAr 
O(10-100) from ARIA 

222Rn: if <2µBq/kg (like DS-50) would be 100k 
events in ROI but will be less due to larger volume/
surface … and PSD! 

85Kr: is x3 39Ar activity in DS-50 ! ARIA 85Kr 
depletion x1000 ok 

ν-electron scattering : 20k events in ROI ! 
negligible after PSD 

Material radioactivity : subleading after 39Ar ! 
radiopure SiPMs and ultra clean SS vessel 
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NR backgrounds : 

- cosmogenic neutrons (µ induced): negligible 
after WCD and LS veto. 
- Material radioactivity : total events in 100 t yr < 
0.1 after veto ! radiopure SiPMs and ultra clean 
SS vessel  
- ν-N CNNS scattering : 1.6 events in 100 t yr ! 

irreducible 

DarkSide-20k Neutron background budget: 


