NOA - Nuova Officina Assergi

NOA is a world-class facility and consists of a 420 m? clean
room divided in two main areas: the largest one of 350 m? hosts
cutting-edge packaging machinery and dedicated workbenches
for the cryogenic qualification, integration and test of Silicon
photosensors with their related electronics; the smallest one of
70 m? is dedicated to the assembly and integration of big parts of
detectors. The great technological challenge in this case is not only
to have radiopure detectors operating at cryogenic temperatures
but also to assemble more than 20 square meters of sensitive area
starting from the single 1 cm? SiPM then integrated in the final
optical module called Photo Detection Unit (PDU) sized 20 x 20
cm? NOA's goal is to build a total number of 528 PDUs that will be
installed on the two optical planes of the DarkSide-20k TPC.

The facility was funded by CIPE - Restart Program for the seismic
crater area 2009, combined with Programma Operativo Nazionale
Ricerca e Innovazione 2014-2020 of Ministero dell’'Universita e
della Ricerca commissioned and fully operational since February
2023.

URANIA & ARIA

The Argon present in the atmosphere (AAr) represents about 1% of the air,
but activated by cosmic rays turns into the radioactive isotope 39Ar that
generates an undesired background. DarkSide collaboration is building a
high production plant at Cortez, in Colorado, to extract underground Argon
that, preserved by the cosmic ray activation, is 1400 times less radioactive
than AAr.

Urania (left) and Aria (right) plants
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Photosensor testing area
in the NOA clean room

Underground Argon is transpor-
ted in liquid state (at approxima-
tely -186 °C) from Colorado to Sar-
dinia for a further purification.

This process will be performed by
Aria plant, a joint project involving
INFN, Princeton University and
Sardinia region.

Aria is a cryogenic distillation
column 350 m height, installed
inside a well in proximity of the ex
Seruci carbon mine.

The distillation process increases
the Argon purity from 99.99% to
99,9999%. Beyond the capability
of separating Argon isotopes, the
Aria distillation column will provide
a great separation power also for
some rare stable isotopes with
important applications in nuclear
medicine and in some industrial
fields as oil industry.
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SOLVING THE DARK MATTER PUZZLE

N owadays we understand the nature of the Universe and its components with an unprecedented level
of detail. But we are still at the very beginning of our comprehension of the energy content of the
Universe.

Scientific evidence tells us that all the ordinary matter of the Universe - gas, planets, stars, and galaxies
- represents only about 5% of it. The remaining 95% is believed to be of mysterious nature and referred to
as “Dark Matter” (25%) and “Dark Energy” (70%).

The first hint of the existence of dark matter dates back to 1933. The astronomer Fritz Zwicky coined the
term to describe an invisible matter whose presence he deemed necessary to explain galaxy motions in
a large galaxy cluster.

Thanks to cosmological and astronomical observations, increasing evidence for Dark Matter has been
acquired in the later decades. For instance, the rotational behavior of spiral galaxies, such as our Milky
Way, is an indirect evidence of the existence of dark matter.

ROTATIONAL VELOCITY
(kM/s)

If a large spiral galaxy consisted only of
ordinary visible matter, then the inner stars
would rotate at a higher speed than the outer
ones. Thiswould be seen clearly in the rotational
velocity plot. Actually, fromm astronomical
measurements of the galaxy rotation curves,
we see that the outer stars rotate around the
galactic center much faster than expected.
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This can only be physically possible if the galaxy itself is immersed in a much bigger and massive halo of
a non-luminous matter, an invisible one called “dark matter”.

This is one of the most fascinating and still unsolved mystery of the current physics. Many different
theories propose different particles as candidates of dark matter, but WIMPs represent the class of
candidates that has obtained the major attention in the past decades from both theoretical and
experimental point of view.

The acronym WIMP stands for Weakly Interacting Massive Particle and identifies the most generic
massive dark matter candidate. The WIMP is a stable and neutral particle, weakly interacting with the
particles of the standard model. Its mass range goes from a few GeV up to tens of TeV.

The interactions of WIMPs with atoms are very rare phenomena, but in principle we could observe such
collisions in detectors with very large target masses of the order of tons.
The detectors need to be located in deep underground sites to reduce as much as possible the

'oackground @erated by other particles, like cosmic rays, or natural radioactivity.
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THE DARKSIDE PROJECT

DarkSide is a large experimental project aiming to the direct
search for dark matter at the Gran Sasso National Laboratory (LNGS).
The experiment is a part of the program carried out by a large
international scientific collaboration, the Global Argon Dark Matter
Collaboration, which involves scientists from around a hundred
Institutions in different parts of the world.

The project, started in 2011 with the first detector prototype called
DarkSide 10 and followed by the experiment DarkSide-50 (operated
from 2015 to 2020), has led today to a new generation detector:
DarkSide-20k.

These detectors are based on the liquid Argon dual-phase Time
Projection Chamber (TPC) technology.

DarkSide-20k exploits several innovative technologies developed in
different laboratories worldwide: the low radioactive underground
Argon is extracted in Colorado and subsequently purified in Sardinia;
the TPC is made in Canada, the cryogenic Silicon Photomultipliers
(SiPMs) for light detection, assembled in a large area, are produced
and characterized in Italy and tested also in UK and Poland. Finally,
an intense radio-purity assay program is performed in ltaly, US,
Spain, UK and Poland to select materials with the lowest background
contamination.

The DarkSide-20K prototypes

View of the external
cryostat structure

THE DARKSIDE-20K DETECTOR

DarkSide is a detector based on a nested structure. The with instrumentation which allow to detect residual

THE TIME PROJECTION CHAMBER

The target material contained inside the TPC is ultra-pure liquid Argon, a noble gas
cooled down at about -200 °C, with optimal scintillation properties for a dark matter
experiment. The TPC is filled with a volume of roughly 50 tons of liquid Argon, with a
small layer of gaseous Argon on the top of the liquid. Above and below the Argon volume,
two optical planes of photosensors have been foreseen to detect the signals produced
by the interactions of the particles. The collision between a WIMP particle and an Argon
nucleus would cause a nuclear recoil with the emission of two signals detectable by the
photosensors: a prompt signal due to the scintillation light and a delayed signal produced
by ionization electrical charge The generation of the primary scintillation signal (S1)
by the scattering of an incident particle off the Argon nuclei is followed by a second
scintillation signal (S2). This second signal is generated, via electroluminescence, in the
gaseous phase by the electrons previously separated by the atoms. From the interaction
point inside the liquid Argon, ionization electrons are drifted by an electric field towards
the liquid/gas interface. A second stronger electric field extracts the electrons into
the gas phase where an electroluminescence signal S2 is generated, delayed by a few
ms with respect to S1. The time interval between S1 and S2 gives the Z coordinate at
which the dark matter event occurred. The XY position is reconstructed looking at the
distribution of S2 photons on the photosensors. Thanks to the excellent power of pulse
shape discrimination of Argon, DarkSide-20k can also discriminate nuclear recoil from
electron recoil events (like gamma and electrons) on the basis of their signal shape,
which is useful since WIMP events are expected to give a nuclear recoil-like signal.

Sketch of the detector
inside the cryostat
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In order to test all the key technologies of the final

outermost part consists of a huge membrane cryostat
of 10 m x 10 m x 10 m, able to contain about 700 tons of
atmospheric Argon (AAr), with inside a Stainless Steel
vessel hosting the inner detector and kept at cryogenic
temperature of -186.15 °C. The cryostat is made up of
several layers: an external metal armor, a series of special

insulating materials and finally a thin corrugated metal
membrane in contact with the liquid Argon. A thin
plastic shielding installed on the vessel outer surface
acts as moderator of the neutrons from the AAr cryostat
and the LNGS cavern that mimic dark matter signal. The
total mass of AAr is used as an Outer Veto: the outer face
of the plastic shielding, looking outwards, is equipped

backgrounds.

The heart of the apparatus is a Time Projection
Chamber (TPC) filled with Ultra-pure Argon, extracted
fromm underground sources, contained in an octagonal
prism of ultrapure acrylic. The internal surface of the
acrylic is finished in an extremely sophisticated way, with
hundreds of grooves covered by a special conductive
polymer. This configuration allows to create a uniform
electric field inside the Argon.

The eyes of the detector are custom photosensors,
made by cryogenic large areas of silicon photomultipliers
produced in Italy and assembled and tested at NOA -
Nuova Officina Assergi, at LNGS.

detector, the Darkside collaboration built a TPC prototype
containing a ton of Argon.

The Argon for the prototype is liguefied and recirculated
through a special custom-made cryogenic system, based
on the cooling power of liquid nitrogen. Such a system
has already been built and tested at LNGS, where more
than one ton of Argon has been successfully liquefied in
a dedicated cryostat.

This result is crucial as it demonstrates the excellent
functioning of the elements of the cryogenic system in
managing the precious underground Argon during the

run of DarkSide-20k. Mounting

a photo
detection unit
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