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Overall context: DarkSide-20k and the GADMC
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 ~ 100 institutions worldwide 
~ 500 collaborators

CRYOSTAT 
INSTALLED!
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Overall context: DarkSide-20k and the GADMC
GADMC talks:

● Status of the DEAP-3600 experiment - P. Adhikari
● The DarkSide-20k experiment - I. Ahmad
● Low radioactivity Ar for DM searches and beyond - R. Stefanizzi
● Prospects for DS-20k sensitivity to light DM particles - M. van Uffelen
● Material assay campaign of the DS-20k experiment - R. Santorelli
● Characterization of low energy argon recoils with ReD and ReD+ - L. Pandola
● Boosted sub-GeV DM from Primordial Black Holes in DS-50 - R. Calabrese

GADMC posters:

● The cryogenics system for the underground Ar in DS-20k - K. Thieme
● Data-driven identification of EL signals from low-E NRs in a LAr TPC using self-supervised 

machine learning - N. Pino
● Characterization of DS-20k large-area SiPM Tiles - A. Marasciuli
● Photodetectors packaging process flow for the DS-20k experiment - P. Salomone
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Ar, what’s the point?
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Additional discrimination 
variable: Pulse shape 
discrimination
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Additional discrimination 
variable: Pulse shape 
discrimination

ER contributes as bkg 
to WIMP searches 
only at very low E

Vicente Pesudo  - XV workshop on the Identification of DM - L’Aquila, July 2024



Ar, what’s the point?
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Additional discrimination 
variable: Pulse shape 
discrimination

ER contributes as bkg 
to WIMP searches 
only at very low E

39Ar makes the operation of a 
several-meter scale TPC too challenging.

S1-S2 coincidence at 50 kHz unfeasible. 
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UAr program of DarkSide: Urania, Aria and DArT
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The UAr program described in 
previous talk by R. Stefanizzi



8

Underground Ar in DarkSide-50

DarkSide-50 showed a depletion factor of 1400 in 
UAr with respect to atmospheric Ar activity:
A (UAr) = 0.73 ± 0.11 mBq/kg.

Presence of 85Kr evidences exposure 
to air at some point…

Increasing 39Ar activity.

Extraction and purification of UAr 
is a proven technology.

UAr intrinsic activity should be lower 
than in DarkSide-50.

Verification of UAr compliance is 
needed for each batch.
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JINST 15 (2020) 02, P02024

DArT-in-ArDM: the concept

DS-50

● 1 L chamber full of UAr (DArT) seen 
by 8 SiPMs.

● ArDM full of atmospheric Ar as veto
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Overview

DArT in 
ArDM

ArDM

DArT 
(in test 
cryostat)
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Milestones of DArT
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Data taking on surface

Data taking @ LSC (atmospheric Ar)

Construction of Pb castle (DArT)

Installation of 7 tonne Pb ring

PMT test and calibration

Refurbishment of ArDM

Gas system and slow control

Tests: gas system + integration

Components received for assembly 2.0

Data taking with UAr from DS-50

Characterization of radiopure SiPMs
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Milestones of DArT
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Data taking on surface

Data taking @ LSC (atmospheric Ar)

Construction of Pb castle (DArT)

Installation of 7 tonne Pb ring
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Refurbishment of ArDM
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Tests: gas system + integration
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Data taking with UAr from DS-50

Characterization of radiopure SiPMs

UAr data!
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V [V]
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Data taking on surface
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Assembly of DArT 2.0 (Sept)

Maintenance of cryocoolers (Sept)

Coming soon: 
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Milestones of DArT
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Data taking on surface

Data taking @ LSC (atmospheric Ar)

Construction of Pb castle (DArT)

Installation of 7 tonne Pb ring

PMT test and calibration

Refurbishment of ArDM

Gas system and slow control

Tests: gas system + integration

Components received for assembly 2.0

Data taking with UAr from DS-50

Characterization of radiopure SiPMs

Assembly of DArT 2.0 (Sept)

Maintenance of cryocoolers

Coming soon: 

No showstopper for 
having the detector 
cold before the end of 
this year.
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Data taking on surface

Data taking @ LSC (atmospheric Ar)

Construction of Pb castle (DArT)

Installation of 7 tonne Pb ring

PMT test and calibration

Refurbishment of ArDM

Gas system and slow control

Tests: gas system + integration

Components received for assembly 2.0

Data taking with UAr from DS-50

Characterization of radiopure SiPMs

Assembly of DArT 2.0 (Sept)

Maintenance of cryocoolers

Coming soon: 

Commissioning with 
UAr batches from 
URANIA expected in Q1 
2025



DArT in test cryostat
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Single Photoelectron (SPE) calibration: 

+ Same gain in both SiPMs but light yield 
different.

+ Lots of progress in optical simulation: 
+ Compatible with 2 mm shift of the top SiPM position. 

+ Corrected offline.

27

Data analysis
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Data analysis
Pulse shape Discrimination

External bkg suppression

39Ar clearly visible

Geant4 MC 214Po lifetime 
& z-resolution

Analysis of 
α spectrum

f
6
4
0



Underground Argon
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- 3 bottles of UAr from DS-50 received and stored underground:

- 3 x 50 L @ 20 bar ~ 3 m3 of gas or 5.3 kg. We can get more if needed.

- Detailed spectroscopy at CIEMAT.

- First: tested and gained experience with the UAr recovery 
system using atmospheric Ar.

- Measurement in DArT (test cryostat) with UAr:
+ background subtraction for 39Ar measurement in atm. Ar.
+ AAr run followed by UAr run. Successful recovery of UAr in a B50 bottle.

30

UAr from DS-50
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Data analysis: AAr vs UAr

+ UAr data is essentially a bkg measurement of the instrument.

+ Beautiful shape of the 39Ar after subtraction. Working on competitive 
quantification of 39Ar activity in atmospheric Ar.

+ Characterizing threshold effects and systematics.
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UAr spectroscopy measurement

36Ar depletion too!

Study of isotopic abundances as evidence of cosmogenic exposure?
Promising. Better resolution needed to disentangle mass 38.
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ArDM
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Refurbishment and integration ArDM fully refurbished spring 2023
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Plots for Ch4 @950 V:

All PMTs operative and 
calibrated. 

Grounding problem 
fixed January 2024.

Only cryocooler 
maintenance missing
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Integration test November 2023
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With UAr of 
DS-50

Schedule



➔ UAr fundamental for several 
low-background experiments beyond 
DM

➔ DArT recognized as the facility to 
validate  the UAr for these experiments
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DArT beyond DarkSide
White paper (+EOI) from 
❏ COHERENT
❏ DUNE 
❏ GADMC (DS-LowMass, ARGO) 
❏ LEGEND

The infrastructure built for DarkSide-20k 
could meet the UAr demand for most of the 
foreseen future experimental needs

Formal request by the LEGEND coll. for 25 
tonnes of UAr

(“...extraction, purification, and testing of 
the 25 tonnes of UAr required for the 
LEGEND-1000 experiment”)



- DArT is the facility for UAr characterization. 

- DArT in ArDM will start operations before the end of the year.

- We will receive samples from each batch from Urania and 
ARIA to measure 39Ar and identify potential problems before 
insertion in DS-20k.

- We are working towards a competitive measurement of 39Ar 
activity in atmospheric Ar.

- We are studying other characterization techniques and 
sensitivity beyond 39Ar

39

Conclusions

Vicente Pesudo  - XV workshop on the Identification of DM - L’Aquila, July 2024



Thanks 
for your 
attention

!
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BACKUP
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Dual-phase TPCs

Scintillation detected 
promptly (S1)

Massive targets

Uniform E field to measure 
ionization: prevents 
recombination + 
drifts e- to anode

e- extracted to gas phase in 
stronger field to induce 
electroluminescence (S2)

light pattern in detection 
plane provides XY 
information

Time difference between S1 
and S2 provides Z info 
(mm resolution)

S2/S1 provides particle 
discriminationAt low Energies, S1 and S2 almost featureless:

Unambiguous identification of S1-S2 necessary 42
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Underground Ar in DarkSide-50

DarkSide-50 showed a depletion factor of 1400 in 
UAr with respect to atmospheric Ar activity:
A (UAr) = 0.73 ± 0.11 mBq/kg.

Still world-leading for some region 
of the low mass WIMPs parameter 
space with S2-only analysis. 

Solid alternative to bolometers in 
view of the recurrent excess found 
so far

Phys. Rev. Lett. 123, 251801
arXiv:1907.11485
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DarkSide-20k

90 tonnes of UAr 

50 TPC (20 fiducial) + 40 Veto

650 tonnes or AAr as buffer and 
muon veto

ProtoDune-like cryostat

21 m2 of cryogenic & high QE & 
radiopure SiPM + electronics

First detector of the Global Argon Dark Matter Collaboration


