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Summary. — The existence of dark matter is known because of its gravitational
effects, and although its nature remains undisclosed, there is a growing indication
that the galactic halo could be permeated by weakly interactive massive particles
(WIMPs) with mass of the order of 100 GeV. Direct observation of WIMP-nuclear
collisions in a laboratory detector plays a key role in dark matter searches. However,
it also poses significant challenges, as the expected signals are low in energy and
very rare. DarkSide is a project for direct observation of WIMPs in a liquid argon
time-projection chamber specifically designed to overtake the difficulties of these
challenges. A limiting background for all dark matter detectors is the production in
their active volumes of nuclear recoils from the elastic scattering of radiogenic and
cosmogenic neutrons. To rule out this background, DarkSide-50 is surrounded by
a water tank serving as a Cherenkov detector for muons, and a boron-doped liquid
scintillator acting as an active, high-efficiency neutron detector.

PACS 95.35.+d — Dark matter (stellar, interstellar, galactic, and cosmological).

PACS 29.40.Gx — Tracking and position-sensitive detectors.

PACS 95.55.Vj — Neutrino, muon, pion, and other elementary particle detectors;
cosmic ray detectors.

1. — Dark matter in the universe

The existence of dark matter is known from a wide range of observational evidence,
ranging from studies of the internal motions of galaxies [1], to the large scale inhomo-
geneities in the cosmic microwave background radiation [2]. Although its nature remains
undisclosed, there is a growing indication that the galactic halo could be permeated by
weakly interactive massive particles (WIMPs), neutral particles with mass of the order of
100 GeV. Direct observation of WIMP-nuclei collisions in a laboratory detector plays a
key role in dark matter searches. However, it poses significant challenges, as the expected
signals are low in energy (< 100keV) and very rare (a few interactions per year per ton
of target) [3]. To detect these WIMPs, large (0.1-10 tons target mass) discovery (located
deep underground and with ultra low-background) detectors are mandatory.

2. — The DarkSide project

DarkSide is a project for direct observation of WIMPs in a two-phase liquid argon
time-projection chamber (LAr TPC) in the Gran Sasso National Laboratory (LNGS) in
Ttaly. The first physics detector in the program is DarkSide-50 (DS-50), with a 50kg
active mass of low-radioactivity underground argon.

A limiting background for all dark matter detectors is the production in their ac-
tive volumes of nuclear recoils from the elastic scattering of radiogenic and cosmogenic
neutrons. To rule out this background, the DS-50 apparatus consists of three nested
detectors. From the outside inwards, the three detectors are: the water Cherenkov de-
tector or muon detector; the organic liquid scintillator veto or neutron detector; and the
LAr TPC, which is the dark matter detector. Events due to neutrons from cosmogenic
sources and from radioactive contamination in the detector parts, which also produce nu-
clear recoils, are efficiently suppressed by the combined action of the neutron and muon
vetoes. The water plus-liquid scintillator design was motivated in part by the success of
this shielding concept in achieving very low backgrounds in Borexino [4-6].
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Fig. 1. — Internal view of the CTF muon detector before the filling with high-purity water.

3. — Muon detector

The muon detector (fig. 1) serves as shielding and as anti-coincidence for cosmic
muons [7,8]. It is an 11 m-diameter, 10 m-high cylindrical tank filled with 1000 tons of
high purity water. The tank was originally part of the Borexino counting test facility.
The inside surface of the tank is covered with a laminated Tyvek-polyethylene-Tyvek
reflector [9]. The tank is equipped with 80 ETL 9351 8" photomultiplier tubes (PMTs),
with 27% quantum efficiency (QE) at 420 nm. PMTs are mounted on the side and bottom
of the water tank to detect Cherenkov photons produced by muons or other relativistic
particles traversing the water.

4. — Neutron detector

The neutron detector (fig. 2) serves as shielding and as anti-coincidence for radiogenic
and cosmogenic neutrons, vy-rays, and cosmic muons. It is a 4.0 m-diameter stainless steel
sphere filled with 30 tons of borated liquid scintillator. The scintillator is a mixture of

TR ' ® é ‘,"Q

Fig. 2. — Internal view of the neutron detector from its top port.
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pseudocumene (PC) and trimethylborate (TMB), with the wavelength shifter dipheny-
loxazole (PPO) at a concentration of 1.5g/L. The sphere is internally covered with an
high-efficiency Lumirror reflector [10] and it is equipped with 110 Hamamatsu R5912
8" PMTs, with low-radioactivity glass bulbs and high-quantum-efficiency photocathodes
(37% QE at 408 nm). PMTs are mounted on the inside surface of the sphere to detect
scintillation photons.

The neutron-capture reaction 1°B(n,a)”Li makes the borated scintillator a very effec-
tive veto of neutron background [11]. The TMB contains "B which has a 20% natural
abundance of 1°B with its very large (3840b) thermal neutron capture cross section.
The thermal neutron capture time in the borated scintillator is just 2.2 us, compared to
250 ps for pure PC [4]. The B neutron capture proceeds to the “Li ground state with
branching ratio 6.4%, producing a 1775keV « particle, and to a "Li excited state with
branching ratio 93.6% producing a 1471keV « particle and a ~-ray of 478 keV. Because
of quenching, the scintillation light output of the capture to "Li(g.s.) is in the 3/~-
equivalent range 50 keV to 60 keV [12,13]. The measured neutron detector photoelectron
(PE) yield is of the order of 0.5 PE/keV, making this quenched energy readily detectable.

5. — Current status

After the successful filling of both the detectors, DS-50 is taking data since October
2013. During the first period of data taking ended in June 2014 [14], the liquid scintillator
veto performance was limited due to the unintentional use of TMB neutron-capture agent
containing modern carbon, with its elevated content of '*C compared to petroleum-
derived material. The '*C containing material has since been removed and a source of
low-activity TMB reintroduced.
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