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DarkSide-20k is a direct dark matter search experiment located at Laboratori Nazionali del Gran
Sasso (LNGS). It is designed to reach an exposure of 200 tonne-years free from instrumental
backgrounds. The core of the detector is a dual-phase Time Projection Chamber (TPC) filled with
50 tonnes of low-radioactivity liquid argon. The TPC is surrounded by a polymethylmethacrylate
(PMMA), which acts as a neutron veto, immersed in a low-radioactivity liquid argon bath enclosed
in a stainless steel vessel, placed inside a proto-dune like cryostat. Readout systems consist of
large-area Silicon Photomultiplier (SiPM) array detectors. DarkSide-20k aims to reach a dark
matter-nucleon cross-section sensitivity of 7.4 x 10™*8¢cm? at 90% confidence level for a dark
matter mass of 1 TeV/c? in a 200 tonne-year exposure. This paper will give an overview of the
status of construction and the physics program of the project.

42nd International Conference on High Energy Physics (ICHEP2024)
18-24 July 2024
Prague, Czech Republic

*Speaker

© Copyright owned by the author(s) under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). https://pos.sissa.it/


mailto:daria.santone@physics.ox.ac.uk
https://pos.sissa.it/

Direct Dark Matter Search in DarkSide-20k experiment Daria Santone

1. DarkSide-20k overview

The vast majority of the universe is still unresolved: only 5% is made of regular matter, the
rest being attributed to Dark Energy (68%) and Dark Matter (26%). There are several observations
that prove Dark Matter existence, although its nature remains still unknown. The favourite Dark
Matter candidate is the Weakly Interacting Massive Particle (WIMP), which could lead to the
correct density in the universe. The predicting WIMP mass is between a few MeV and ~ 100
TeV[1]. Several experiments primary focus on the high-mass WIMPs (> 10 GeV) [2] aiming to
search WIMPs with cross section down to neutrino "fog" [3].

DarkSide-20k detector is under construction at Laboratori Nazionali del Gran Sasso (LNGS) and
the data taking will start in 2027. It consists in two main detectors: an inner detector enclosed in
a stainless steel vessel and an outer veto. The inner part consists of a dual phase TPC filled with
50 tonnes of underground argon surrounded by 15 cm of PMMA, which acts as neutron moderator.
The TPC is immersed in another bath of 35 tonnes of underground argon. The inner detector is
placed in in a proto-dune like cryostat [4] filled with 600 tonnes of atmospheric argon, which acts
as cosmogenic veto. Both inner detector and outer veto are equipped with a large detector Silicon
PhotoMulplier (SiPM) array, called Photo Detection Unit (PDU).

Darkside-20k aims to reach a high-mass WIMP-nucleon scattering cross section of 7.4 x 10~*8¢cm?

for a 1 TeV/c?> WIMP mass for a total exposure of 200 ton-year.
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Figure 1: Dark Matter-nucleon spin-independent cross section vs. Dark Matter mass sensitivity, showing
90% confidence level results (grey shaded region), projections for DarkSide20k (red lines), and projections
for Xenon-based experiments. Allowed regions in beyond-Standard-Model theories are shown in the shaded
yellow, green, and cyan. The region where neutrino backgrounds become limiting in argon Dark Matter
searches (“neutrino fog”) is shown by the shaded dark blue area.

2. WIMP search: signal and background

The core of DarkSide-20k is a dual phase liquid argon TPC, which allow to detect scintillation
(S1) and charge signal (S2). The purpose of the TPC is to detect a WIMP scattering on argon nuclei,
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looking at a single nuclear recoil with a recoil energy between 30 and 200 keV,,, [5]. The main
sources of background are coming from radioactive contaminations of the detector components,
neutrons and gamma from the rock, cosmic rays induced neutron production and cosmogenic
activation ( *°Ar, 8Kr).

B and y are subdominant components thanks the use of low radioactive argon and pulse shape
discrimination, as will be discussed in section 2.1. The main source of background is given by
neutrons, which undergo the same nuclear recoil process. All detector components have been
assayed through three different assay techniques (ICPMS, HPGE, Po-extraction) to estimate the
radioactive budget from Ur/Th chains. Stringent radio-pure control, devoted to control surface
contaminations and exposure time, are in place during installation phase. A key role in achieving
zero instrumental background for WIMP searches is played by the neutron veto. DarkSide developed
an innovative veto system, based on PMMA equipped with large SiPM arrays to achieve <0.1
instrumental background counts in 200 ton-years, as will be discussed in section 2.2.

In the table 1 a summary of background sources and their mitigation strategy are reported.

background source mitigation strategy
Ar-39 g decay Use underground argon, pulse shape discrimination
v from rock and material pulse shape discrimination, selection material
radiogenic neutron, (a, n) reaction | material screening and selection, veto to rejected neutron signal
surface contamination surface cleaning, radon abated system
muon cosmogenic veto
neutrino coherent scatter irreducible

Table 1: Source of backgrounds in the WIMP search in DarkSide-20k

2.1 Low radioactive argon and pulse shape discrimination

One of the contaminations coming from the liquid argon itself is 3°Ar, which is produced by
cosmogenic activation with an activity of 1Bg/kg. 3°Ar is a beta emitter with endpoint to 565
keV and a half life of 269 years. The inner detector is filled with low radioactive liquid argon in
order to reduce the background coming from the 3°Ar. The use of low radioactivity argon was
successfully demonstrated by DarkSide-50, a DarkSide-20k predecessor, which has run between
2013 and 2018, firstly filled with atmospheric argon and then with underground argon. DarkSide-50
showed a reduction of a factor 1400 in the * Ar content, as it shown in figure 2. The plot report the
normalised S1 spectra from a single scatter event in AAr (in black) and UAr (blue) [6].

The underground argon for DarkSide-20k is extracted from a mine in Cortex (Colorado, USA),
using a plant with an extraction rate up to 330 kg/day with a 99.9% purity. After that, liquid argon
is purified in a cryogenic distillation column (ARIA) placed in Sardinia (Italy). The first module
was successfully commissioned in 2019, showing a chemical purification rate of 1 ton/day with an
Ar separation power higher of 1000 [7]. The 3 Ar rate is 36 Hz in the TPC and 26 Hz in the veto.
The surviving fraction of 3°Ar is 0.001 event in 200 tonne-year exposure, thanks the use of low
radioactive argon and pulse shape discrimination.

Indeed, in a dual phase TPC it is possible to distinguish between an electron recoil, produced by y or
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Figure 2: On the left: live-time normalised S1 pulse integral spectra from single-scatter events in AAr
(black) and UAr (blue) taken with 200 V/cm drift field. Also shown are the 83Kr (green) and 3°Ar (orange)
levels as inferred from a MC fit. On the right: prompt light in 90 ns vs S1 PE in DarkSide-50.

[, and nuclear recoil, produced by WIMP or neutron. The S2/S1 ratio is higher for an electron recoil
than a nuclear recoil. An advantage of liquid argon TPC is the rejection of electron recoil thanks to
the unique timing profiling of scintillation in liquid argon. When a particle hits an argon nucleus,
it may become excited or ionized and form a dimer. The relaxation of the excited dimer may be
of two forms: singlet (fast signal) with decay time about 7 ns and triplet (slow signal) with decay
time 1500 ns. Such a significant difference offers a background discrimination possibility because
electrons produce slow and fast components in a different proportion than neutrons (and WIMPs).
The pulse shape discrimination is defined as the fraction of the signal in a prompt window over the
full signal timing. The prompt window used in DarkSide-50 is 90 ns. DarkSide-50 successfully
demonstrated the powerful of liquid argon TPCs to rejected electron recoil events, as show in figure
2

2.2 Neutron veto

The DarkSide-20k detector has a novel design in which the neutron veto and the TPC are

integrated into a single mechanical unit that sits in a low-radioactivity liquid argon bath. The TPC
wall is surrounded by 15 cm of polymethylmethacrylate (PMMA) shell which acts as neutron veto,
equipped with SiPM arrays. A neutron WIMP like event is identified as single nuclear recoil with
a recoil energy between 30 and 200 keV ,,,- in a fiducial volume of 20 tonnes. Events with an energy
deposit more then 50 keV,. or 200 keV., in coincidence time of 800 us with a WIMP like event
are tagged as neutron induced.
The neutrons are captured on the H inside the PMMA or on Ar, producing gammas with an energy
of 2 MeV and 6 MeV, respectively. The gammas can be detected in the TPC or in the veto bath, as
shown in the picture 3. Most of the neutrons are captured on H, 53%. A gadolinium doped acrylic
(Gd-PMMA) is under developed at DonChamp (China). The recipe consists in Gd(MMA)3 doped
acrylics with 1% of Gd concentration. The concentration is chosen in order to have neutron capture
on Gd dominates over the one on H. In this scenario the fraction of neutron capture on Gd is 65%,
producing a high gamma energy cascade of 8 MeV and improving neutron detection efficiency.
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Figure 3: Scheme of neutron veto; (Gd)PMMA is placed around the TPC. Neutron capture on by H, Ar, (or
Gd) can be detected in the TPC or in the neutron bath.

3. Large SiPM array readout system

DarkSide-20k developed a novel technology, based on a large area of SiPM array as readout
system. SiPMs have emerged as a compelling photosensor to detect single photons in particle
physics and beyond [9]. A SiPM consists in an array of Single Photon Avalanche Diodes (SPADs),
p-n junction operating in reverse bias above breakdown voltage [10]. SiPMs have several advantages
over PMTs, such as better single photon resolution, higher photo detection efficiency, low operation
voltage, lower cost per area and a radio-purity an order of magnitude lower than PMTs.

The single unit of a PDU is an array of 24 SiPMs, called tile, for a total area of 24 cm?. Each tile
consists in a single printed circuit (PCB): the front side contains a SiPMs array electrically connected
trough wire-bonding, the back side contains the electronic front end, which sums together SiPMs
response and amplifies the signal. A PDU consists in an array of 16 tiles placed in a larger PCB
of a total area of 400 cm?. The PCB is used for controlling the signal, biasing each tile and signal
conditioning. Each PDU has 4 readout channels, i.e. 4 tiles are summed together. A readout
channel corresponds to a 10x10 m?, the largest readout system build until now. The summing
choice reflects in a reduction of the radioactive contamination that comes from signal cables, thanks
to the reduction of DAQ channels by a factor 4.

DarkSide-20k will be equipped with a total of 668 PDU: 518 into the TPC, 120 in the neutron veto
and 30 in the outer veto. PDU production and characterisation is ongoing across several laboratories
among Italy, UK and Poland. Each PDU is characterised in liquid nitrogen in order to define a set
of Quality and Acceptance Criteria (QA/QC) to assess that a vPDU has single PE resolution before
being integrated into the detector. An example of a quadrant PE distribution is reported in the figure
4 for the TPC and veto PDU respectively. Both TPC and veto PDU meets requirements, as shown
in table 2.

breakdown | PE amplitude | SNR
TPC PDU 111V 16 mV >6
veto PDU 55V 13 mV >5

Table 2: TPC/veto PDU specification.
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Figure 4: PE distribution for PDU quadrant response: on the left for TPC PDU and on the right for veto
PDU
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