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Construction underway at LNGS since 2023!
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DarkSide 20k concept & goals
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Direct WIMP dark matter research with noble liquids:

Å Dual-phase argon time projection chamber (TPC)

Å Light/Charge detection combined to obtain Particle ID

Å Deep underground at LNGS, Italy (3400 m.w.e.)

Å Experiment based on background suppression (passive) and rejection (active)

Å Based on intense R&D program, culminated with the DS-50 detector at LNGS

DarkSide 50
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DarkSide 20k concept & goals
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Å Detecting primary scintillation (S1) from 
interaction in liquid and proportional 
secondary light signal (S2) from ionization 
electrons accelerated in gas pocket

Å Electron-induced recoils (ER) are dominated by scintillation light slow component (triplet -> S1 slow).

Å Highly ionizing Nuclear recoils (NR) are dominated by the fast component (singlet -> S1 fast) and characterized by 
enhanced recombination (smaller S2/S1 ratio w.r.t. ERs)

f90 = fraction of light emitted in 
the first 90 ns / total light
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Different flavours of Argon
Underground Argon (UAr)

ÅDepleted of 39Ar (~1400 depletion factor) produced in interaction 
with Cosmic Rays ς main target

ÅExtracted in Colorado with Urania Plant

ïindustrial site, 250 kg/d; purity 99.99%

ÅFurther refined in Aria plant (Sardinia)

ï350 m cryogenic distillation column; Purity 99.999%

ÅCharacterized @ Canfranc (LSC) with DArT detector

ïMeasurement of 39Ar depletion factor

ÅGas recirculation equipped with purification, Radon trap and 
custom liquefaction system
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Urania

Aria

LSC

LNGS

Atmospheric Argon (AAr)

ÅCommercial 6.0 Argon (99.9999% pure)

ÅRecirculated and purified continuously, industrial plant 
derived from ProtoDUNE one

ÅTarget for Outer Muon Veto

ÅDoubles as cryogenic bath for UAr volume
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Sensitivity: DS20k & beyond
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Sensitivity to Spin-Independent interactions

Nominal exposure (200 t-y) :
Å 90% C.L. exclusion:
Å 6.3 x 10-48 cm2 @1 TeV/c2 ;

Å 5 ̀  discovery:
Å 2.1 x 10-47 cm2 @1 TeV/c2 ;

Å 3.2 CEvNS events expected.

Aimed instrumental background:
< 0.1 neutrons in Region of Interest
( E ~ 30 ς200 keVnr)

Future: next-gen experiment by the Global Argon Dark Matter Collaboration after DS20k is the 
ARGO project in SNOLAB (300 t fiducial)
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Detector design - I

Main drift volume
350  x 350 h
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SS e- Extractiongrid

(extr. field > 2.8 kV/cm)

Inner light coll. system

- Reflector: ESR

- Wavelength-shifter: TPB

Drift field
200 V/cm

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 tonnes.

Wire grid provides e- extraction in gas

E-field definition: Conductive polymer (CleviosTM) 
coating on anode, cathode and field cage rings.

TPC hosted in stainless steel (SS) leak-tight vessel.
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ÅIntegrated TPC & Inner Veto within SS 
vessel & UAr

Å~7 cm plastic shielding around SS 
vessel (moderation of n from 
cryostat, LNGS Hall C)

ÅOuter muon veto

ï32 vPDUs 

ïInstalled on the outside of the plastic 
shielding

ÅDUNE-like membrane cryostat filled 
with AAr 

ÅRemovable rooftop (in pieces) for 
detector installation
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UAr

AAr

SignalFeedthroughs

Detector Support 
System

Inner SS membrane

Insulation(foam)

Cryostatbeam
structure

Plastic shield

Main AAr
safetyexhaust

Calibrationpipes
and feedthroughs

Detector design ï II 

UAr

9



Cryostat construction

ÅModular design for transport into underground labs

ïScalability / Exact prototyping (ProtoDUNEs)

ÅMembrane cryostats

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

ïused on LNG* transport ships ς mature technology; 
commercial partners (GTT)

ïNo need for vacuum -> argon purge

ïStarted for neutrinos; exported concept to wider Physics 
panorama (Dark Matter -> DarkSide 20k)

ïFew months construction time (all parts, when on surface)

*LNG = Liquid Natural Gas
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Steel Outer 
Support Structure

Polyurethane foam (80 cm ς thick insulation)

Plywood
Outer (tertiary) SS skin 

Triplex (secondary barrier)

Mastic

Inner (primary) 
SS membrane
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Cryostat construction
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Jun. 2023

Aug. 2023

Steel Outer 
Support Structure

Polyurethane foam

Outer (tertiary) SS skin 

Triplex (secondary barrier)

Inner (primary) 
SS membrane

Feb. 2024
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Cryostat construction summary

ÅConcrete base: poured in late 2022, resin layer 
in Jan. 2023

ÅBeam structure (load-bearing): 4 weeks 
construction in May 2023

ÅExternal membrane: installation & welding, 
Jun-Oct 2023

Åά/ƻƭŘ ǇŀǊǘέΥ ƛƴǎǳƭŀǘƛƻƴ ϧ ƛƴǘŜǊƴŀƭ ƳŜƳōǊŀƴŜΥ 
Nov 2023 ς Jun 2024

ÅTop Caps: delivered and installed in mid June

ÅAAr Cryogenics installation: started late 
October, to be completed within March 2025 
(more in the back-up)
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Cryostat construction - validation
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Cryostat leak-tested in several steps:

ÅTertiary membrane tested with dye 
penetrants and magnetic particles

ÅTest of the secondary membrane with He-leak 
detector through the corner pieces;

ÅTest of the primary membrane with helium

ïInstallation of pick-up points

ïInsulation space partially de-pressurized (down 
to 600 mbar a), then filled with He.

ï[ƻŎŀƭ ǘŜǎǘ όǿƛǘƘ άǾŀŎǳǳƳ ōƻȄŜǎέύ ŀƴŘ Ǝƭƻōŀƭ 
pressure tests
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Detector design - III

Main drift volume
350  x 350 h

SS Vessel

Anode

Side walls

Cathode(-73.4 kV)

Bottom Optical plane

Top Optical plane
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SS e- Extractiongrid

(extr. field > 2.8 kV/cm)

Inner light coll. system

- Reflector: ESR

- Wavelength-shifter: TPB

Drift field
200 V/cm

vPDU

PDU

Readout based on SiPMs;

- ¢ǿƻ έhǇǘƛŎŀƭ tƭŀƴŜǎέ όhtǎύ ƭƻƻƪƛƴƎ ƛƴǘƻ ǘƘŜ Ƴŀƛƴ 
TPC volume

- 264 Photon Detector Units (PDU) /OP

- Inner Veto: 120 PDUs (vPDU) installed on barrel 
pieces and outward optical planes surfaces

- Single readout channel size: 10 cm x 10 cm

- Expected Light Yield(LY)

-- S1 @ 0 V: ~10 p.e./keVee;

-- S2 yield > 20 p.e./e-.
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The Photon Detector Unit (PDU)

Optical plane

~ 10 m2 covered with 264 PDUs, 1056 channels PDU: ~ 20cm x 20 cm, 16 tiles, 4 readout channels 

Tile:

~ 5cm x 5 cm, 24 SiPMs, 1 output signal

The PDU is composed by one Motherboard hosting 16 tiles

τ The Motherboard provides: 

Low Voltage power regulation and control,

High Voltage power regulation and control,

Four readout channels (analogue sum of four tiles)

τ Same motherboard design for both TPC and Veto, despite 
different tile design
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Tile components: under the hood (PDU)

Sensitive area: 24 SiPMs(8 mm x 12 mm each).

HV divider to equalize the SiPMgain across 
the matrix.

A single broken SiPMwould impair the whole tile.

All the components are operated outside temperature 
specifications.

Long term tests in LN2 on preproduction PDU confirm 
the reliability of the components.

HV filter

SiPM Matrix: 

6 parallels of 4 SiPMs in series 

HV 

divider

TIA
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All components are selected for extreme radiopurity and validated 
with room temperature characterization, before installation on Tile



SiPMs Quality Assurance and Control @ LNGS

SiPM and Tile production is done in the Clean Room 3 (CR3) of 
NOA (Nuova Officina Assergi).

Cryogenic test of 1400 Wafers from LFoundry.

Each of the 264 SiPM on a wafer are characterized:

ωIV curve (direct and reverse): Break down voltage, Quenching 
resistor value.

ωFull wafer measurement requires ~ 3 hours:
ррΩ όŎƻƻƭ Řƻǿƴ ϧ ŀƭƛƎƴƳŜƴǘύ Ҍ м Ƙ плΩ όǘŜǎǘύ Ҍ  нлΩ όǿŀǊƳ ǳǇύΦ 

ωProduction average yield on the first 900 wafers > 94%.

Wafer handling
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Paper on QA/QC in preparation, under collaboration review

SiPMs ŀǊŜ ǘƘŜƴ ŀǎǎŜƳōƭŜŘ ƛƴǘƻ ǘƛƭŜǎΧ Ą



Quality assurance program for the PDUs
Each tile is individually characterized both at room temperature (warm) and at 77K (cold):

ωI-V curve (warm, cold): Breakdown voltage, bias network equivalent resistance.

ωNoise spectrum below breakdown (warm, cold): 
characterization of the TIA noise and of the equivalent capacitance of the SiPM matrix.

ωSingle photon electron spectrum (cold).

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

Problematic PDUs, if any, are sent to Pisa for dedicated analysis of issue and definition of 
mitigation strategies for production (more in the back up)

Preparation for the cold tile test in NOA 

Preparation for the cold PDU test in Napoli Test Facility 
First six pre-production PDUs in the Napoli Test Facility 
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All test results saved on DB
Acceptance protocols to be finalized



Napoli Long Term Test in Liquid Nitrogen.

Six pre-production PDUs operated for several months in LN2.

Periodic measurements:

ωI-V curve (stability of the break down voltage, reliability of the 
voltage divider and of the capacitors in the HV filter).

ωLaser run (stability of the gain and of the SNR, reliability of the 
front end electronics).

ωExercise of the slow control logic on the motherboard.

All parameters are stable within ~1% on the time scale of 
months.

Typical charge spectrum at OV = 7V

Raw SNR = 7 

Matched filter SNR = 14

Gain = 2.5 106

Typical stability of the SPE charge and amplitude over four weeks of running.
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vPDU: Production in Birmingham, STFC interconnect, Manchester, Liverpool

ωVery same SiPMsand Motherboards used by the 
TPC PDU,tested and shipped from NOA to UK.

ωDifferent topology for the 24 SiPMsveto array:
4 quadrants of 6 SiPMs.

ωFull custom CMOS ASIC developed by INFN Torino 
as front-end amplifier:
4 input channels, analog sum output.

vPDUcold test facilitiescapabilities

ωLiverpool - 16 vPDU

ωWarsaw - 5 vPDU

ωEdinburgh - 4 vPDU

ωLancaster - 4 vPDU

ωOxford - 4 vPDU

Liverpool test facility for 16 vPDUs at a time

Typical IV curve of the four tile in a vPDU

quadrant 

Typical photon counting amplitude spectrum 

of a vPDU quadrant

SNR >5
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Heading towards detector assemblyé
{ŜǾŜǊŀƭ ŀŎǘƛǾƛǘƛŜǎ ƻƴƎƻƛƴƎ ŀǘ [bD{ ŀƴŘ ŀǘ ŎƻƭƭŀōƻǊŀǘƛƻƴ ƛƴǎǘƛǘǳǘƛƻƴǎΧ

ÅAAr cryostat construction completed

ÅAAr cryogenic plant installation ongoing and completed within 1-2 months

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

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

ÅPhoton Detectors production strategy finalized and starting in NOA

ÅQA/QC protocols almost finalized

ÅDedicated facilities for production (NOA),              
testing (Naples), issue analysis (Pisa)

ÅVeto PDU assembly in UK institutions
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Χ ōǳƛƭŘƛƴƎ ǳǇ ǘƻ ŀ ŎǊǳŎƛŀƭ нлнр

!!Ǌ Ǉƭŀƴǘ ƛƴǎǘŀƭƭŀǘƛƻƴΣ ŎƻƳǇƭŜǘƛƻƴ ω

/Ǌȅƻǎǘŀǘ /ƭŜŀƴ ǊƻƻƳΣ /ƻƴǘǊƻƭ wƻƻƳ ƛƴǎǘŀƭƭŀǘƛƻƴ ω

¢t/ t5¦ ǇǊƻŘǳŎǘƛƻƴ ǎǘŀǊǘ ω

±Ŝǘƻ t5¦ ǇǊƻŘǳŎǘƛƻƴ ǘƻ ōŜ ŎƻƳǇƭŜǘŜŘ ω

LƴƴŜǊ ŘŜǘŜŎǘƻǊ ŎƻƳǇƻƴŜƴǘ ŦŀōǊƛŎŀǘƛƻƴ ǎǘŀǊǘǎ ω

Χ ω

Commissioning is set for early 2028 with the filling of both Atmospheric and Underground Argon
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Thank you and stay tuned!
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Back Up
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ÅInstallation started in November 2024

ïά/ƻƭŘ ǇŀǊǘέ όǾŀƭǾŜ ōƻȄŜǎΣ ǘǊŀƴǎŦŜǊ ƭƛƴŜǎ ŀƴŘ ǎƪƛŘǎ ƳŀƴŀƎƛƴƎ 
LN2 and LAr) ς contractor ς installation started, to be 
completed within Mar 2025

ïέ²ŀǊƳ ǇŀǊǘέ όǎƪƛŘǎ ƳŀƴŀƎƛƴƎ GAr) ς CERN ς Nov 24/Mar 25

ïάLƴǘŜǊƴŀƭ ƭƛƴŜǎέΣ ŎǊȅƻǎǘŀǘ ŎƻƴǘǊƻƭκǎŀŦŜǘȅ ǾŀƭǾŜǎ ς CERN ς 
Feb/Mar 25

Atmospheric Argon Cryogenics
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Atmospheric Argon Cryogenics
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