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The DarkSide-20k experiment

Next liquid argon TPC of the GADMC after DarkSide-50:

-

Rare events search
at very low energy

Scale up of the detector
Minimization of backgrounds

Nested detectors structure

Outer Veto
650 tonnes of AAr,
cosmogenic veto

Inner Detector:
Inner Veto
32 tonnes of UAr,
neutron veto
| TPC
49.7 tonnes of UAr

T T _TT_T T

2 >l)$”7r

Sara Tullio

Dark Matter-Nucleon Os [cm?]

v

Under construction
@LNGS Hall C
3800 m w.e, X0,

No Quenching Fluctuations

n

o
&
T

-

o
IS
T

"

°
&
T

10-45 L

0.8

1
1.2

1 L N
3.0 4.0 6.0 10.0

[GeV/c?]

1
2.0

Eur. Phys. J. C 86:220 (2026)

10—‘5 A
i
& 10-470
[ 10 E
NNNNNNN 90% CL arXiv:2502.18005 (2025)
10—‘8 andaX-4T 90% CL PRL 134.011805 (2025)
:_ 90% 2410.17036 (2024)
20k 1 1. t yr)
— 20k 1 1. t yr)
[ 2 - 20k 10 1 t yr)
10—‘9:_ i | ‘ e 20k 10 live-yr EXT (460 yr)
B )i 1 el n MRS " n L
102 101 10° 1 -
EEJ in preparation  tzev/ct)

10-44

90% CL exclusion

W Ar v-fog  [PRL127 251802 2021]
i =3 complex WIMP [EPJ C 8 992 2022]

10745 %

pMSSM11

[EPJ C 78 256 2018]

[EPJ C 82 1 2022]

LowW s
22" Sept 2026 RADICACTVITY )

TECHNIQUES



The DarkSide-20k experiment

See DarkSide-20k overview

poster for more details

Sara Tullio
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Liquid Argon for direct Dark Matter searches

Some characteristics align perfectly with the TPC mechanism....

ﬁX Shared with the other noble gases...
b o « Possibility of large monolithic targets
Ar « Easy radio-purification
- « Excellent Ionization / scintillation properties

Specific to Argon...
« Abundance in nature
« Identification of incident particles analyzing the shape of scintillation pulses (PSD)
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9Ar B-decay background

The need of Underground Argon

—39Ar B decay——
Atmospheric Argon C . - . .
pAAr N I"ICh in 39Ar 7/2- LY 29N e N 100% deqd ‘l'lme In Ds_20k

4OAr+n— 2n + 3%Ar | 7 limits S2-only fmq.lyms
half life: ~269y | — lowers PSD reliability

activity: ~ 1Bq/kg

Underground Argon  — poor in 3°Ar
(UAr)

In DS-50 TPC:
10*

v R Attty
o _
o 107 ‘::;vnizﬁ:z?tt:oi:g.‘)”m ° .
. S —— 9Ar activity
I x1400! ———— 3°ar (Global Fit) o °
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5 10° e e
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39Ar B-decay background
The need of Underground Argon

counts /J LV.VUL s /J UVU.1 amu

ICPMS analysis

100000

| — UAr

| — Ar Alphagas-1
80000 —— Ar Alphagas-2

I % Natural abundances
60000 —
40000
20000 -

85Kr contamination confirmed

(Presence of different Kr isotopes
at their natural abundances)

I ﬂ ﬂ LJ Upper limit!
72 =W, S A WL i The batch was probably affected by
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82
Atomic mass [amu]
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Underground Argon procurement chain

Urania facility
Industrial scale extraction plant

Aria facility
Purification via chemical separation

UAr validation

% Aria .
Canfranc, Spain
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Nuraxi /Figus, Sqrdini, Italy
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Underground Argon procurement chain

Urania facility
Industrial scale extraction plant

Cortez, Colorado

Aria facility
Purification via chemical separation

Wes =W
S p 4 ‘ ‘ - . Py
Nuraxi Figus, Sardinia, Italy See Celin Hidalgo’s talk

for more details
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Underground Argon procurement chain

DarT in ArDM

UAr validation
Canfranc, Spain

>

Focus of this talk
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Why and What is DArTinArDM? v T 2000 muve, oA

Expected %°Ar concentration ~ 1017 g/g: beyond reach of ICP-MS c) @
N
:@: Exploit the ArDM experiment ( ~ton-scale dual-phase TPC)
' Turned into single-phase detector — active veto for DArT

=
v

Depleted Argon Test detector rgon Dark Matter active veto tank
/ \ DArT Vessel inlet L PE shield <—g - \

Single phase detector
ArDM Top Flange

Pb shield
- Photosensors: ArDM Main Vessel
8 x 1 cm? SiPMs
PMT planes
- 1.33 kg LAr active mass support
DArT Vessel rings

/—-\o - ESR reflectors Reflector panels

- mm I - on Teflon support

K - TPB-coated acrylic / K

support
plate
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Lead Shield

DArT prototype - in test setup

SSteel Cryostat
N

Copper vessel
—=

Acrylic structure

2 SiPMs only

1.33kg LAr active mass Indium sealed Filled with pressurized LN, (2.2 bar, 85 K) Flushed with Rn-free
air

Goals of the setup
Parallel operation with the main

DArTinArDM detector,
enabling the order-0 quality check
before the main detector filling.

e Continuous performance over weeks
e Operational conditions for the DAQ and electronic
e Measurement of the 3%Ar activity in atmospheric Ar
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39Ar activity in AAr =] ol review
Integral method Binned Likelihood fit method

AAr data model ~ UAr + M, a
8AAr ‘

39 H
AAT Ar sim

Free parameters of the fit:
e S, fine tuning energy scale parameter

Apar = Apar / Mia,

AAr

6000}

39Ar sim
39Ar sim + UAr

e ¥Ar activity in AAra,,

15000F

3%Ar fit (AAr)

12500} —— Best fit
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3 t R ~ 10000F I UAr data
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39Ar activity in AAr
Integral method

N(AAr,,.) A NCUAF D) fanr/und
AAAr = +{Ayar MLA"

qAA AAr/ M
15000F
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Binned Likelihood fit method

AAr data model ~ +M,

AAr

Free parameters of the fit:
° S fine tuning energy scale parameter
o Ar activity in AAr a,,

L P P P P
50 100 150 200 250 300
Otot (PE)

22" Sept 2026 RADIOACTIVITY J\— ;

TECHNIQUES

Sara Tullio



DArT in ArDM

Integratlon of DArT in ArDM

R\

DArT
construction

Urania & Aria
UAr analysis

- Indium sealing, leak testing
- Filling of ArDM bath with LAAr -
- Condensing Ar inside the DArT chamber

) Fine tuning of the reconstruction

%:J Definition of analysis workflow

refurbishment

Argon purity monitor
g | Background characterization

Sensitivity projections
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DArT analysis workflow

Raw charge spectrum in DArT detector
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DArT analysis workflow .
Raw charge spectrum in DArT detector REL’MINA Ry

Quality cuts - noise events rejection e, ohedaka ot

102
ch5 | Max=171.0 MaxP=76.0 ch5 | Max=25.6 MaxP=6085.0 [
Qmax=-1220961.0 fprompt=-0.009 Max_pre=171.0 Qmax=-338.6 fprompt=-1.129 Max_pre=24.6 L
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DArT analysis workflow

Raw charge spectrum in DArT detector

Charge(640ns)
prompt"Charge(full window)
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8 I h H H H H H I H 1 : Aetive mass 1317 kg ! Mo cut
Pulse Shape Discrimination - a particles rejection UAr data b guatity
1021 + PSD
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Isof i [
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a-like wi 1
% 10
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DArT analysis workflow

Raw charge spectrum in DArT detector

of
O ArDM Veto cut - internal / external y rejection

Veto condition:
Within the coincidence window
after a DArT energy deposit
>3 ArDM PMTs detect = 2 PE each

t: global DAXT -
first PMT above 1.5 PE

— Gaussian p = -74.63

Cut: [-220.00, 200.00] ns

Veto tagging : ° L
97% from outside (MC)

. MRRERUTE S o sl
91% from BiPo (Data)
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DArT analysis workflow

PR
Raw charge spectrum in DArT detector EL’MINA Ry
O LY = 1.050 PE/keV No cut
Q ] . . Retive nass = 1,317 Xg UAr data i Quality
O ArDM Veto cut - internal / external y rejection 102 o
Veto condition: 10
Within the coincidence window N\
after a DArT energy deposit g "
>3 ArDM PMTs detect = 2 PE each 3 Ima)
E I:; ‘.\i /\&
§ 107 2 A 4
a WA

102

Ik A
e
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) I IR | Al I R ST T
2000 4000 6000 8000 10000 12000
Energy [keVee]

Veto tagging : 8
97% from outside (MC)
91% from BiPo (Data)
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DArT analysis workflow

Raw charge spectrum in DArT detector

Q

O ArDM Veto cut - internal / external y rejection

Counts / keV / kg / day

|
*  DArTinArDM pre-veto

| DArTinArDM post-veto
{  DArT1

UAr data
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DArT analysis workflow

Raw charge spectrum in DArT detector

Q
Q

Q
O BiPo cut - #“Bi rejection
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DArT analysis workflow

Raw charge spectrum in DArT detector

Q
Q
Q

O BiPo cut -

214Bj rejection

s

N\ 0-region

Counts / keV / day / kg
T

Gln--L | B |

] Lovgol L

0 2000 4000 6000 8000 10000 12000 14000
DArT Charge [PE]

Fitted peaks

4500 5000 5500 6000 6500 7000 7500 8000 8500 9000

Energy (keV)

Rate (Hz)

222Rn 26760 events / 397.06h — 0.018
218pg 23698 events / 397.06h — 0.016
214po 9383 events / 397.06h — 0.006
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DArT analysis workflow
P
Raw charge spectrum in DArT detector REL’MINA Ry

e { Mo cut
. UAr data }  Quality
H 2140 H H 102 - . ¢ PSD
O BiPo cut - “*Bi rejection 222Rn contamination | v
222 H 4 BiPo
3824 | Rn can be estimated from
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DArT analysis workflow

Raw charge spectrum in

DArT detector

Q
Q
O ° 214 ° ° °
O BIPo cut - “**Bi rejection
222
] Ro 214Bj signature:
— o, - B followed by an a
3'“"£°r %14/[;8})0 %1.,/;8}’0 1w in a time window
214/"83Bl '210/[5(83];l 206 coincidence.
27m Pb B 20 m Pb 5d Pb
22
L S— i ~"Bi decay spectrum
5 903 yoE —E
£ F 1 o DAIT
é“; ps Z i — EpartEaom
i 5102—
05506~ 500~~506 406500 ' G e ae” 15‘"séo"';oha"45&"@56'55'05"so'oa' ssﬂa";éo;f

Dt next [ns]

consistent with literature, validating

even‘r\‘riming and Rn-chain identification.

Energy [keVee]

+E

reconstructed by EDArT ArDM

24 IDJAr,
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Counts/ Bin

DArT analysis workflow

PRy,

CENTRE DE PHYSIQUE DES

PARTICULES DE MARSEILLE

LY 1 050 PE/keV
=1.3

O ARn trapping system is gding

222,
24| Rn to be installed
86 |
(4 > 101:_
9 160 v
3.1m P() B e e e
84 } o B
(4 B Oy ] i - a {>{>§} """"
214 21 E/ ] E
27 m Pb Pb ')
82 82 *i ] <
7R § o X .......
“liPo lifetime ~ : § | Biritrap i —><H to recovery
i\ B : system
D 5 ArDM
70 = purifier
ol 2 0
;| = from UAr
S bottle
30} Q i
20ff g §
10fi 1118 ] -.
ol ¢ | e i sy O e . F TP T [ R
0 1000 1500 2000 2500

0 100 200 300 400 500 600 700 800 900 E 000
- —gy [keVee]

(Ag-ETS-10 zeolite + cooling system ) + pump
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o Uar data CPPM

222pn contamination veto
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DArT analysis workflow

PR
Raw charge spectrum in DArT detector EL’MINA R
Quality cuts - noise events rejection s e daka e
[ alit:
102 t glsln !
f | Veto
Pulse Shape Discrimination - a particles rejection f i
> 10t
3
ArDM Veto cut - internal / external y rejection N
3 :’/\\
BiPo cut - 2Bi rejection < I,,M‘-
8 H v
%101 /; \\
, " ‘:f‘ :
Final charge spectrum 10, f
10-3 e Ly 0 PRI R SR S
Rate after analysis cuts: T Sy pew

~ 40 mBq
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Data driven sensitivity projections

From measured spectra to 3%Ar sensitivity

Binned profile-likelihood fit in the 40-600 keV window; Frequentist CLs evaluation in RooFit/RooStats

103
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1073k
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Data driven sensitivity projections

From measured spectra to 3%Ar sensitivity

Binned profile-likelihood fit in the 40-600 keV window; Frequentist CLs evaluation in RooFit/RooStats

*9Ar signal template:
AAr = UAr

103E
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e
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Data driven sensitivity projections

From measured spectra to 3%Ar sensitivity

Binned profile-likelihood fit in the 40-600 keV window; Frequentist CLs evaluation in RooFit/RooStats

%Ar signal template: 1°ﬁ" {  UAr data
AAI' - UAI' . ‘ PR i AAr data
102h§§ | mmssans Residual background B
i 3%Ar in UAr
Background model: ol T2 mhalka)
UAr - *Ar - 8Kr simulated * | = e, %, 17T (1.05 uBq/kg)
& H Excluded from fit
% 100H (E < 40 keV)
Reference activities: 5
A
(measured by DS-50 TPC) =y
UAr *¥Ar = 0.73 + 0.11 mBg/kg 8
O 102
UAr &Kr = 1.05 + 0.13 mBqg/kg
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o ) T SR R R I R S| A
0 100 200 300 400 500 600 700 800 RY

Electron recoil energy [keV]
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Data driven sensitivity projections

From measured spectra to 3%Ar sensitivity

Binned profile-likelihood fit in the 40-600 keV window; Frequentist CLs evaluation in RooFit/RooStats

*9Ar signal template:
AAr = UAr

Background model:
UAr - 3%Ar - ®Kr simulated

Toy-MC sensitivity
Ai = B,,i + qAr,UAr =Al,i +
Oy A ZOKE i+ WA

Minimal **Ar activity to
which we are sensitive:

103E
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Data driven sensitivity projections

From measured spectra to 3%Ar sensitivity

Binned profile-likelihood fit in the 40-600 keV window; Frequentist CLs evaluation in RooFit/RooStats

*Ar signal template:
AAr = UAr

Background model:
UAr - 3%Ar - ®Kr simulated

Toy-MC sensitivity
Ai = B,,i + A UAr =Al,i +

qu,UArssKr i+ WA

Minimal **Ar activity to
which we are sensitive:

1.3 months x kg exposure:
0.42mBq/kg at 90% C.L.
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Conclusions & Outlook

The Need for UAr
Crucial to suppress the 3°Ar background for DarkSide-20k rare event searches.

¢ DArTinArDM Fully Operational

DArT chamber successfully integrated into ArDM active veto;
DArT prototype running parallel for fast quality checks.

lL" Stable Operations & Proven Sensitivity

Robust workflow (PSD, Veto, BiPo cuts)
Data-driven 39Ar sensitivity of 0.42 mBqg/kg @ 90% C.L. achieved.

Ongoing Efforts & Future Prospects

Finalizing MC simulations (G4DS framework) to characterize all backgrounds sources.
The setup is ready to analyze UAr batches for DS-20k, coming by the end of the year

UAr will play a pivotal role in future DM searches, O vfB, CEVNS, and beyond.
Stay tuned!
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DArT in ArDM - D epleted Argon Test construction
SiPMs characterization /Assembly
/:% " L ‘SiPMResponseatDifferentVoItages(ian\ | N « E »m { K t;: . ‘7 \

S 108

I

A Y O I
1]]|I"|T

||l|lllll
IIIIIIIII

- Average 30V t 3ov
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- Average32v | 32V

) L | 1 |
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8 SiPMs showing similar gain were chosen

Isopropanol solution
Ultrasonic bath /
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DArTblm ArDM - D epleted Argon
s§e_m y

Test construction

Position reconstruction \
$ S
L — e Top-Bottom Asymme'rry Left-Right Asymmetry
& N 3 G =
N Em g )(* L:“m
| | 2 18- 2 1 Pl g
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AR Leld EALY)
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) Some vertical posmon discrimination,
but poor horizontal resolution.

Cold detector characterization

Jata (background subtracted)

:+ + —— Total it
+ ------- Gaussian photopeal

©

Event rate [s' P

@

) . Improvement in LY measured

SiPMs characterization in the
detector updated

(~ X 35LY,,.,)
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DArT in ArDM - Ar gon Dark Matter refurbishment

... from double to single phase

Pb shield

DPE shiely

New field cage New Lead shield (~6t) PMTs equalization
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Rn trap installation

i PARTICULES DE MARSEILLE

A

to recovery
system

bath

DATT Rn trap ir;'h
ArDM $ 30°C %

purifier

DAIT
purifier

] ij i ArDM

ArDM recirculation system

| A S .

(Ag-ETS-10 zeolite + cooling system )+ pump procured! i
Cooling system Pump

UAr will pass through hot getter first and Rn trap later.

Ag-ETS-10 zeolite trap operated in a -30°C bath to enhance the Rn absorption.

Rn is delayed in the trap while Ar flows through, which allows the Rn-222 to decay before reaching the detector.
Given the current impedance of the filter + trap we can achieve ~ 1 slpm flow

This reduces internal Rn-chain backgrounds, especially 2'“Pb/?!*Bi, relevant for the *°Ar assay.
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Ar Excitation and ionization process

lonization °

Excitation °

@ O -

Recombination e
128 nm

7ns__. °

1.5 us

Singlet
Triplet
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DArT analysis workflow

L. Event rate stable over more than 60 days!
Rates variation

Alpha events rate

=== 3VoV alpha region
= 3VoV beta/ER region 104 0055 E_ + +
— o005 ++ t } +++++ 4 4 ' 3
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UAr in other experiments:
Le gend' 10 O O /' Intrinsic activity of 42Ar in AAr

Cosmogenic: 40Ar(a, 2p)42Ar
f- decay to 42K with QB = 599 keV

< t1/2=329y
40.4 £5.9 uBqg/kg
42K isap-withat1/2=12.4h
f3- decay to 42Ca with QB = 3.5 MeV

e LEGEND-200: Initial phase deploying ~200 kg of
enriched germanium detectors (7°Ge) in LAr @ LNGS.
Taking data with ~140 kg.

e LEGEND-1000: Planned to employ 1t of 7°Ge in UAr.

LEG E N D 1000

Same ROI of the B decay of 76Ge:

Qgg = 2.04 MeV

Counts /(keV.kg.yr)

IIIII|TF|‘ T TR

800 1900 2000
Energy (keV)

Illm'lb T lIIIIII|‘

Intrinsic "°Ge energy spectrum:
—2vppdecay-T, =1.92x 10%"yr
—Ovpp decay - T, > =1.00 x 10% yr

- L _L
1000 1500 2000 2500

g &
OIIII T

Energy (keV)
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ICP-MS Analysis with the UAr of Ds-50

e There are some masses, corresponding to the most abundant elements in the gas
and its interferences, that the ICP-MS doesn’t measure — Forbidden Masses
e The ICP-MS has two different working modes:
o Standard mode (STD).
o With collision cell: to reduce the spurious signal given by polyatomic ions:
collision with a non-reactive gas (He).
This process is called kinetic energy discrimination (KED).
In KED mode some masses forbidden in STD mode can be measured.
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ICP-MS Scheme

Plasma generated

using Ar gas
Vacuum
RF coil interface

(—L\ CRC Detector (SEM)

lon optics and  Mass analyser
\ photon stop (quadrupole) l

|

Mass spectrometer
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ICP-MS Setup

Valves for bottle switching
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DArT1 in test setup - full simulation chain

Optical Simulation Electronic simulation

Energy deposition Photon absorption Waveforms generation
Photon absorption Waveforms generation Physical observables

Events / 2 PE / 0.01
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DArT1 in test setup - full simulation chain

Good agreement between data and simulations

- Waveform level
Channel 0 (Top SiPM) Channel 0 (Top SiPM)
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DArT in ArDM simulation in G4DS11 - status

Active LAr

Background simulations
(external + material)

— Precise background estimation

— Sensitivity update

Reflector |
r o ——

LAr

ArDM refurbished geometry DArT2 geometry implemented
Minor integrations of biasing, signal wires

and metal pieces in the PCB are ongoing
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and materials are implemented.
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