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Construction underway at LNGS since 2023!
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DarkSide 20k concept & goals

Direct WIMP dark matter research with noble liquids:
A Dualphase argon time projection chamber (TPC)
A Light/Charge detection combined to obtain Particle ID

A Deep underground at LNGS, Italy (3400v.e)

Atoms
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Matter
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DarkSide 20k concept & goals

A Detectingprimary scintillation (S1from

interaction in liquid angroportional

secondary light signal (S&pom ionization

electrons accelerated in gas pocket
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A Highly ionizing Nuclear recoils (NR) are dominated by the fast component (sin§leffast) and characterized by

enhanced recombination (smaller S2/S1 ratiot. ERS)
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Different flavours of Argon

Underground ArgonAr)

ADepleted of¥°Ar (~1400 depletion factor) produced in interaction
with Cosmic Raysmain target

AExtracted inColoradowith UraniaPlant

I industrial site, 250 kg/d; purity 99.99%
AFurther refined inAria plant Sardinig

I 350 m cryogenic distillation column; Purity 99.999%
ACharacterized @anfranc (LS®)ith DArTdetector

I Measurement of°Ar depletion factor

A Gas recirculation equipped with purification, Radon trap and
custom liquefaction system

Atmospheric ArgonAAr)
ACommercial 6.0 Argon (99.9999% pure)

ARecirculated and purified continuously, industrial plant
derived fromProtoDUNENe

ATarget for Outer Muon Veto
ADoubles as cryogenic bath foArvolume

1 — ﬁ INFN
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Sensitivity: DS20k & beyond

Sensitivity to Spheindependent interactions
10-44 Exclus:Lon 90% C.L.

‘\ \ pMSSM11 [EPJ C 78 256 2018] \ \\ i
i [0 Scalar complex WIMP [EPJ C 8 992 2022]

=20 Dirac complex WIMP [EPJ C 8 992 2022] \ o
\ Il Ar v-fog [PRL127 251802 2021] "‘ 2
\

Nominal exposure (200y) :
A 90% C.L. exclusion: 10-450
A 6.3x108cm? @1TeVc?:
A 5° discovery:
A 21x167cm? @1TeVc?:
A 3.2CEvNS®vents expected.

10—46
\

\
10-47 \
Aimed instrumental background: -
. . S N\ LZ 90%CL excl [2207.03764]
< 0.1 neutrons in Region of Interest  10-4s e — 1z 2.7y (15.3 t yr)
( E~ SOCZOOkeV ) === XENONNT 5 y (20.2 t yr)
nr

=== DS-20k Fid. 5 y (100 t yr)
===+ DS-20k Fid. 10 y (200 t yr)
----- DS-20k Ext. 10 y (460 t yr)
==: ARGO Fid. (3000 t yr)

—=: XLZD (1000 t yr)

0.01 0.1 1 10 100 500
M, [TeV/c?]

Os; [cm?]

Future: nextgen experiment by the Global Argon Dark Matter Collaboration after DS20k is the

ARGO project in SNOLAB (300 t fiducial)
INMFN

~ MILAND
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Detector design - |

Octagonal shape dual phase argon TPC,
structurally made in pure Acrylic.

- Active (Fiducial) UAr mass: 49.7 (20.2) tonnes;
- Inner Neutron veto Active UAr mass; 32 tonneg

Drift field
200 V/cm

Main drift volume
350 %:3H0-h

Inner Veto Volume

Wire grid provides extraction in gas

Efield definition: Conductive polyme€{evios¥) |
coating on anode, cathode and field cage rings.:

TPC hosted in stainless steel (SSHiegikk vessel. §

5
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SS Vessel

SEL Top Opticaplane

Anode

~ Gas pocket

SS eExtractiongrid
( )

Sidewalls

Inner lightcoll. system
- Reflector. ESR
- Wavelengthshifter: TP]

Cathode( )

>~ Bottom Opticalplane

e ((INFR



Detector design 1 | | N £, _ Main AAr

safetyexhaust

' Calibrationpipes
Alntegrated TPC & Inner Veto within S : ] and feedthroughs

vessel 8UAr * SignalFeedthroughs
A~7 cm plastic shielding around SS T — __ge;fec;?r Support
vessel (moderation of n from u . ™ 4 >
cryostat, LNGS Hall C) : : \
AOuter muon veto =T
. | 1 i Plasticshield
I 32vPDUs ! =
i Installed on the outside of the plastic A T
Shleldlng Y e A 1
ADUNBHike membrane cryostat filled .| CHEOENR = “L Inner SS membrane
with AAr h S0 S S S et - | - Insulation (foam)
ARemovable rooftop (in pieces) for H -1 ;:ﬁzfﬁtebeam
detector installation | &

L]

T T )
- — | N FN
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Outer (tertiary) SS skin

Cryostat construction

Mastic

AModular designfor transport into underground labs
I Scalability / Exact prototyping’otoDUNB)s

AMembrane cryostats

I elastic, 1.2 mm thick stainless steel (SS) inner skin,
accommodates cryogenic shrinking

i used on LNG* transport shiganature technology;
commercial partners (GTT)

I No need for vacuurne argon purge

i Started for neutrinos; exported concept to wider Physicg®
panorama (Dark Matter> DarkSide0k)

i Few months construction time (all parts, when on surfagusss

S8 [nner (primary)
Steel Oute W’ SS membrane

Support Structure

*LNG = Liquid Natural Gas

INFN
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Cryostat construction
Jun. 2023

Steel Outer
Support Structure

Triplex (secondary batrrier)

}

Feb. 2024 & ./, ™mga
= - - Wi ‘
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Cryostat construction summary

AConcrete base: poured in late 2022, resin la &M ‘ |

Al b~ L) s b
) @ |1 it

= :
¢/

in Jan. 2023

ABeam structure (loatbearing): 4 weeks
construction in May 2023

AExternal membrane: installation & welding,
JunOct 2023

Ad/ 2t R LIFNIEY Ayadz I
Nov 2023; Jun 2024 W

ATop Caps: delivered and installed in mid Jun A

AAAr Cryogenics installation: started late 2 ,\
October, to be completed within March 2025
(more in the backup)

e \

_

T N

\
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Cryostat leakested in several steps:

ATertiary membrane tested with dye
penetrants and magnetic particles

ATest of the secondary membrane with 4éak
detector through the corner pieces;

ATest of the primary membrane with helium
I Installation of pickup points

I Insulation space partially daressurized (down
to 600 mbar a), then filled with He.

i[20Ftf GSad o06A0GK agl
pressure tests

13 A. Zani, The DarkSide 20k experiment construction at ENGB52025




Detector design - Il

Readout based 08iPMs
-¢g2 EhLIAOLFE tflySacé
TPC volume

- 264 Photon Detector Units (PDU) /OP

- Inner Veto: 120 PDUsKDU installed on barrel
pieces and outward optical planes surfaces

- Single readout channel size: 10 cm x 10 cm

- Expected Light Yield(LY)
--S1 @ 0 \W10p.e/ke\,,
--S2 yield > 2@.e/e-.

Inner Veto Volume

i = N N o o Y A U V A B A m—v a— -

Drift field
200 V/cm

Main drift volume

350 X3bG-h

A\l

L]

SS Vessel

Aok S Y I A

~ Gas pocket7.0t 0.5 mrm

¢SS eExtractiongrid

(extr. field > 2.8 kV/cm)

Sidewalls

Inner lightcoll. system
- Reflector. ESR
- Wavelengthshifter: TP]

Cathode(-73.4 kV)

e (INTN
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Optical plane o | Tile:
~ 10 nicovered with 264 PDUs, 1056 channels PDU: ~ 20cm x 20 cm, 16 tiles, 4 readout channels  ~ 5cm x 5 cm, 28iPMs, 1 output signal
The PDU is composed by one Motherboard hosting 16 tiles
T The Motherboard provides:

Low Voltage power regulation and control,

High Voltage power regulation and control,

Four readout channels (analogue sum of four tiles)

T Same motherboard design for both TPC and Veto, desp
b‘ different tile design

" MILANO
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Tile components: under the hood (PDU)

T e —

AMA RI1GAANLEM 2122
ce =i c2 | : : :
- =" | r2 i |
\  1een heen § = 10M 1
l-" = WA SIPML o | SIPMS e L SIPMS | SIPMA3 o | SIPM17 SIPpM21

19 20 21 22 23 24

wlosprz gl swPrs gl sIprie g | SIPMI4 g | SIPMA8 g L SIRM22

13 14 15 16 17

W SIPM3 | SIPM7 | SIPMI1 | SIPMI5 | SIPM19

Sensitive area: 28iIPMY8 mm x 12 mm each).

HV divider to equalize th8iPMgain across
the matrix.

7 8 9 10 11

wlostpra L sipms ol siPmiz g | sIPMis g L SIPM28

FEESE 3 S 3 v 3 A A single brokei®iPMwould impair the whole tile.
All the components are operated outside temperatul
SiPM Matrix: specifications.
6 parallels of 4 SiPMs in series

I 1 Long term tests in LAon preproduction PDU confirm

All éomponents are selected for extreme radiopurity and validated the reliability of the components.
with room temperature characterization, before installation on Tile @;

N

MILAND
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SiPMs Quality Assurance and Control @ LNGS

0.025 - . :

SiPMand Tile production is done in the Clean Room 3 (CR3) of o §;§M§§ufﬁ$‘;pec_ / Ll = SPNeinsec.
NOA (Nuov®fficinaAssergi. - -
Cryogenic test of 1400 Wafers frdoffoundry z 107 i

Each of the 26&iPMon a wafer are characterized: 2 5 001

w IV curve (direct and reverse): Break down voltage, Quen%hMg- © 0.005 |

resistor value. 0
w Full wafer measurement requires ~ 3 hours:

ppQ 6022t R26Y 9 FftAAYYSYy(iWwb M Kaeonn® 0iG§S300 B  HAQs 66

. . . Voltage [V] Voltage [V]
w Production average yield on the first 900 wafers > 94%. ;
. . . .7 <10 16000 T
Paper on QA/QC in preparation, under collaboration review I | = = Req. . I [= = Req
- v - 6 = = Median | 14000 — = Median ||

= I : I :
‘AaF_J Crcy(;)r:)tr:;)e? . e . , - 5| I I I 12000 + [ [
\ o ' - I I I 100001 | I |
? B loader I;. 4r I 1 | §2] I ! I
e £ € 8000 r I I I

- | [ I 3
8 I | | O 6000 | 1 | [
2! ! I I a00} : :
| | | I : I
1t : : : 2000 - [ | [
Keithely series 500 ‘ -~ | | ] L. I I

42 Keithley 2450 SMU_ ~ \ ' 2 3 4 5
I

26 27 28 29 Quenching Resistor [M (1]
Breakdown Voltage [V]

o : ' SiPMd NB (0 KSYy I &4aSAro
INFN
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Quality assurance program for the PDUs Al test results saved on D

Each tile is individually characterized both at room temperature (warm) and at 77K (cold); ~ Acceptance protocols to be finalizes
wl-V curve (warm, cold): Breakdown voltage, bias network equivalent resistance.

wNoise spectrum below breakdown (warm, cold):
characterization of the TIA noise and of the equivalent capacitance &igdmatrix.

wSingle photon electron spectrum (cold).

Once 16 good tiles are integrated on the PDU, same final test is repeated at 77K in t
Napoli Test Facility (NTF)

Problematic PDUs, if any, are sent to Pisa for dedicated analysis of issue and definit{} ,,L_
mltlgatlon strategles for production (more in the back up) [ 1 p—
S PDU 019 PDU 020 PDU 021 K0 | =l =

== ’N i

<

' ’—-A'-I.“"‘- e il .

ALY o 1y PDU 018 PDU 000 PDU 022 _ _ _ 3
YA A = o . . ) - Preparation for the cold PDU test in Napoli Test Facility
5 Yy — First six pre-production PDUs in the Napoli Test Facility I N FN
Preparation for the cold tile test in NOA
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Napoli Long Term Test in Liquid Nitrogen.

Six preproduction PDUs operated for several months in.LN

Periodic measurements: ~ PDUOLS - SPE
b-:"‘*3-750’ l ! l ! ° P6u018 1 0.8
w |-V curve (stability of the break down voltage, reliability of thez i - | o " :3381255 . T
. . . . . L 6725 2 B oz, 5 o e e * e )
voltage divider and of the capacitors in the HV filter). PR qa-..,‘_‘.r;««»‘-g;-{“{ SRR Pii"fff-‘*- * 1 E “E
. . o RIS L Sl 2 RO TV LI S oL WY Vi o0 3
o Laser run (stability of the gain and of the SNR, reliability of the, " e A ST SR 9 7
. AL T . = Sam " v 04 g
front end electronics). L W N W AL RCPT LU L — '£
o f ’ L] r - | g
3 6.650 n . -] u n - ] . 1 os E
w Exercise of the slow control logic on the motherboard. F| " |
g | | | | | e
06_00 QQQ"QQ QQQ-?‘Q QQQ-.QQ \’QQ"QQ \’QQ'-BQ NQQ'-QP Channels ’
All parameters are stable within ~1% on the time scale of A
months s . PDUO18 - 1 PE Amplitlude ‘ .
. ' ‘ ‘ ‘ ® PDUO18 QL '
l. PDUO18 Q2
2500 _ 13041 A A 5 . o . y. :-sgggiaoi T {12 -
Typical charge spectrum at OV =7V g ---L!'- .—--4-;,-;*.—- XS ."—(‘-A ‘:.’;.":':‘L-:'!"c." }Q T los <
2000 Raw SNR = 7 $L et gatrte Tos nlmh 1T
T 1500l Matched filter SNR = 14 'j;:u.sa— '#f“ L E P.'t;-‘,:.'i R TR 1 R B T
8 Gain = 2.5 10° 8 ool Kme v.F_,._-.. {: i S - B - ﬁf 1062
‘€ 1000 . n n . L] O 1 &
SE 2| | | | | | e
QG_QQ 06_00 QQ"QQ @_ge Q@Q m@e 00_90 Q1 chh e IQSB Q4
0 | | | | | | | | ] | | | | | | § § § k ) ) )
-2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Typical stability of the SPE charge and amplitude over four weeks of running.

Charge [PE]
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vPDU: Production in Birmingham, STFC interconnect, Manchester, Liverpool

1e7 Quadrant 1

+-08V !

Current [uA)
Current (uA)

35 40 45 50 55 60 65 70
Voltage (V)

Typical IV curve of the four tile in a vPDU
aladrant

Liverpool test facility for 16 vPDUs at a time - S N R >5

vPDUcold test facilitiesapabilities
w Liverpool- 16 vPDU

w Very samesiPMsand Motherboards used by the
TPC PDUested and shipped from NOA to UK.

w Different topology for the 2&iPMsseto array:

4 quadrants of &iPMs W Wgrsaw— S>vPDU
w Full custom CMOS ASIC developed by INFN Torino @ Edinburgf 4 vPDU S hE =
as frontend amp”ﬁer: w Lancaster 4 vPDU Typical photorf1 co;rgigg amdplitutde spectrum
A or a Vi quadran
_— 4 input channed, analog sum output. w Oxford-4vPDU C
INEN
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Headli ng towards detector asse.]

{SOSNIt FOGAGAGASE 2y3I2Ay3a 4G [bD{ FYR G O
AAAr cryostat construction completed

AAAr cryogenic plant installation ongoing and completed withthrhonths

AUAr cryogenic plant activities started (design finalization, procurement, test runs)

ADeveloping assembly strategy of the TPC inside the cryostat (clean room)

APhoton Detectors production strategy finalized and starting in NOA

AQA/QC protocols almost finalized

ADedicated facilities for production (NOA), X 0dzAft RAy3 dzLd 02
testing (Naples), issue analysis (Pisa) L INI LI Fya Ayadlrttrd
AVeto PDU assembly in UK institutions I NE2adld /£8Fy NR2YS /[ 2V

¢t/ t5! LINRRdzOU A
+S02 t5! LINRBRdAzOUAZ2Y i

A ~ Ve ~ o Ve

X
Commissioning is set for early 2028 with the filling of both Atmospheric and Underground Argoil
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Thank you and stay tuned!

NN
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Back Up
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Atmospheric Argon Cryogenics

Alnstallation started in November 2024
ia/ 2t R LI NIE o0t @S 02ESax
LN, and LA ¢ contractor installation started, to be
completed within Mar 2025

P€2 | NY LI NI¢ ©G&GA)EERE NowR4yMaDs
TALYOSNYIE ftAySaéds ONERG G
Feb/Mar 25
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Atmospheric Argon Cryogenics

D — |
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