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The Roadmap of DarkSide

* Direct WIMP dark matter search;
e Dual phase argon time projection chamber (TPC);
* Deep underground at LNGS, Italy.
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Dual-phase Argon TPC ShiA:

 Scintillation (S1) + lonization (S2);

UHU-%

TGAr
* 3D positioning using Tdrift and S2 distributions;
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* Pulse shape discrimination (PSD):
e De-excitation time: singlet 6 ns, triplet 1.5 us; _5
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* ER background rejection > 1x102; ~
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The DarkSide-50 Detector

e Dual phase argon TPC;

Radon free
e 46.4 kg active mass; clean room

* Light yield (@null field) ~ 8 p.e./keVee.
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Underground Argon (UAr)

* Atmospheric argon (AAr) has intrinsic 3°Ar radioactivity ~1 Bqg/kg;
* B decay with 565 keV endpoint, 269 years half-life;

39Ar activities set the threshold at low energies.

Phys. Rev. D 93, 081101 (2016)
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UAr Data
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39Ar is a cosmogenic isotope;
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* Argon from underground sources has
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532 live-days data with UAr
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The GADMC * Global Argon Dark Matter Collaboration;

e Established in 2017;
e >500 collaborators, >100 institutes, 14 countries.
(" Ultimate Goal:

DEAP-3600 @SNOLAB DarkSide-50 @LNGS

r Intermediate Goal:
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DarkSide-20k Projections

* Sensitivity to S| WIMPs;
* With nominal exposure
200 t-y (20 t x 10 years):

* 90% C.L. exclusion:
6.3x10% cm? @1 TeV/c?;

e 5 o discovery:
2.1x10% cm? @1 TeV/c?;

e 3.2 CEVNS events expected.

Os; [cm?]

* Instrumental background:
< 0.1 neutron in Rol (30~200
keVnr) with 200 t-y exposure.
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Background Mitigation

Source Strategies & Tools

B/y UAr, PSD, material selection...

Radon progeny Surface cleaning, Rn suppressed air...

. : Neutron veto, fiducialization, material
Radiogenic neutron, mostly (a, n)

selection...
Cosmogenic neutron Muon veto...
Neutrino induced NRs irreducible

Goal: <0.1 neutron in Rol (30~200 keVnr) with 200 t-y exposure.
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DarkSide-20k Overview

UAr Transportation Skid and Storage

UAr Cryogenics

ProtoDUNE Cryostat

AAr Cryogenics
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Italy

* @LNGS Hall C,

’

* Inner detector inside the Ti (or SS) vessel (~¥100 tonnes UAr)

* Immersed in the AAr bath (~700 tonnes) contained by a membrane cryostat.
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The Inner Detector Ti (or S5)

vessel
e Octagonal shape dual phase argon TPC: ‘ DD Top OP
e Active UAr mass: 49.7 tonnes; 1 .
* Fiducial UAr mass: 20.2 tonnes; g | vPDU
. Neutro!ﬁ veto: =/ TPC Barrel
* Active UAr mass: 32 tonnes.

* SiPM as the photosensor;

Pipe

* Single readout channel size: 10 cm x 10 cm; Bottom OP

e TPC: 2112 channels:
* Top and bottom optical plane (OP);

e VVeto: 480 channels.
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The Inner Detector - TPC

* Drift field: 200 V/cm; Load Anchors
 Extraction field: 2.8 kV/cm; _ Callibftial FIpE

* Cathode voltage: -73.38 kV. MDA R A & Top OP
PMMA Anode Plate

3! Wire Grid Frame

Anode

 Gas pocket thickness: 7.0X0.5 mm. "

* LY (@null field) ~10 p.e./keVee;
« S2 yield >20 p.e./e".

<—— Titanium Vessel

Gd PMMA Barrel

Field Cage

* Acrylic as the main structure (pure and Gd-
dOpEd), \ Reflector Cage
° E_fleld | Cathode
* Conductive polymer (Clevios™) coating ey PMMA Cathode Plate
as anode, cathode and field cage rings; S e G Bottom OP

Temporary Legs

* SS wire grid; ‘
~* ESR as reflector and TPB as wavelength shifter.
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The Inner Detector - TPC

* New designed TPC with a batch of new technologies.

* From DS-50 to DS-20k

» Main structure: PTFE -> Acrylic
» Reflectors: PTFE -> ESR
»Wavelength shifter: TPB -> TPB
»Grid: Hexagonal mesh -> Wires

»Field cage rings:  Copper -> Clevios™

»Windows: Fused silica -> Acrylic
»Anode & cathode: ITO -> Clevios™
» Photosensors: PMT -> SiPM

TPB on Clevios™  ESR mounting Wire grid
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UAr (TPC) Gd-PMMA UATr (Veto)

The Inner Detector - n veto

* Acrylic (Hydrogen) + Gadolinium + Argon
»Gd-PMMA (1 wt%), 15 cm thick;
—>4m coverage: TPC walls, top & bottom endcaps;
»40 cm thick UAr buffer + UAr in TPC;

* Produced y rays interact in UAr in both buffer and TPC;

Visible photons

* ESR as reflector and PEN as wavelength shifter;

* Scintillation lights detected by SiPMs in both buffer
and TPC.

Gd(MAA)3-doped acrylic
with 1 wt% Gd concentration.
Successfully developed!




Optical Plane with 1056 channels

Photodetectors

* Cryogenic SiPMs developed with
Fondazione Bruno Kessler (FBK):

* PDE >40% @ 77K;
* DCR<0.01 Hz/mm? @ 77K (7 VoV);
* SNR > 8 (TPC);

* Need 27 m? for both TPC and veto.
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Pixels .SiPMS ) TiIe5(f45 iinI:IZVIs) (16 tiles) 20 x 20 cm?
6‘\ Each chip: 8 x 12 mm with 4 readout channels
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PDU Production & Test

e SiPM production at LFoundry, Italy. Wafers delivery to LNGS starting in 2022;
 PDU packagmg and assembly in Nuova Officina Assergl (NOA) cIeanroom at LNGS;

. NOA cleanroom at LNGS Naples test facility
6757/2022 wangyi90@ihep.ac.cn ICHEP 2022, Bologna
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UAr Production: Extraction

 URANIA;

* Industrial scale extraction plant;

* CO, wellin Cortez, CO, USA;

e Extraction rate: 250~330 kg/day;

e Capable to extract 120 tonnes UAr in 2 years;

* UAr purity: 99.99%;

* Fabrication of the plant is complete, ready to be
shipped to Cortez.

ICHEP 2022, Bologna



UAr Production: Purification Eur. Phys. J. C (2021) 81:359
* ARIA; '

350 m tall cryogenic distillation column;

* In a coal mine in Sardinia, Italy;

Chemical purification rate O (1 tonne/day);
* UAr purity after ARIA: 99.999% 4 i

Seruci-0 (demonstrator) tested in 2019;

e Seruci-1 assembly will start in 2022.

S|
4 |

—_—

Seruci-l & |l Seruci-0
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UAr Production: Assaying

» DArT;
e At Canfranc Lab, Spain (LCS);

* A single-phase detector to measure 3°Ar depletion factor;

2020 JINST 15 P02024

* Use ArDM apparatus as an active veto (850 kg AAr).

 Sensitive to measure UAr depletion factors in excess of
1000 with statistical accuracy better than 10% in one
week of counting time.

* DArT is going to be installed
in ArDM in later 2022 .
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Entering the Construction Phase

* Inner detector mock-up planned before the final )
fabrication; |

* A down-scaled version of the DS-20k TPC barrel; - i S
* Mechanical validation in liquid argon; : :

* HHV test; Inner detector mock-up
\

/
e '

DarkSide-20k detector

* TPC assembly @LNGS NOA CR2;
* Detector installation and integration @LNGS Hall C; ; N

e Construction start from 2023, UAr to be filled in
2026. [
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Summary

DarkSide uses dual-phase argon TPC to search for WIMPs;

Argon from underground sources with reduced 3°Ar contamination;
GADMC established in 2017 (DarkSide-20k, ARGO);

DarkSide-20k is entering the construction phase;

* We will start filling the detector with UAr in 2026.
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