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L. Cifarelli(9)(10), A. G. Cocco(30), G. Covone(30)(31), D. D’Angelo(27)(28),
M. D’Incecco(4), D. D’Urso(16)(44), S. Davini(2), A. De Candia(30)(31),
S. De Cecco(42)(43), M. De Deo(4), G. De Filippis(30)(31), G. De Rosa(30)(31),
M. De Vincenzi(40)(41), A. V. Derbin(33), A. Devoto(11)(12), F. Di Eusanio(39),
G. Di Pietro(4)(27), C. Dionisi(42)(43), E. Edkins(19), A. Empl(20),
A. Fan(47), G. Fiorillo(30)(31), K. Fomenko(22), D. Franco(3),
F. Gabriele(4), C. Galbiati(5)(39), P. Garcia Abia(15), C. Ghiano(4),
S. Giagu(42)(43), C. Giganti(25), G. K. Giovanetti(39), O. Gorchakov(22),
A. M. Goretti(4), F. Granato(45), M. Gromov(29), M. Guan(21),
Y. Guardincerri(18), M. Gulino(16)(17), B. R. Hackett(19), K. Herner(18),
B. Hosseini(12), D. Hughes(39), P. Humble(38), E. V. Hungerford(20),
An. Ianni(4)(39), V. Ippolito(42), I. James(40)(41), T. N. Johnson(46),
K. Keeter(8), C. L. Kendziora(18), I. Kochanek(39), G. Koh(39),
D. Korablev(22), G. Korga(4)(20), A. Kubankin(7), M. Kuss(36),
M. La Commara(30)(31), M. Lai(11)(12), X. Li(39), M. Lissia(12),
G. Longo(30)(31), A. A. Machado(14), I. N. Machulin(24)(26),
A. Mandarano(4)(5), L. Mapelli(39), S. M. Mari(40)(41), J. Maricic(19),
C. J. Martoff(45), A. Messina(42)(43), P. D. Meyers(39), R. Milincic(19),
A. Monte(48), M. Morrocchi(36), B. J. Mount(8), V. N. Muratova(33),
P. Musico(2), R. Nania(9), A. Navrer Agasson(25), A. O. Nozdrina(24)(26),
A. Oleinik(7), M. Orsini(4), F. Ortica(34)(35), L. Pagani(46),
M. Pallavicini(1)(2), L. Pandola(16), E. Pantic(46), E. Paoloni(36)(37),
K. Pelczar(4), N. Pelliccia(34)(35), V. Pesudo(15), A. Pocar(48),
S. Pordes(18), S. S. Poudel(20), D. A. Pugachev(24), H. Qian(39),
F. Ragusa(27)(28), M. Razeti(12), A. Razeto(4), A. L. Renshaw(20),
M. Rescigno(42), Q. Riffard(3), A. Romani(34)(35), B. Rossi(30),
N. Rossi(42), D. Sablone(4)(39), O. Samoylov(22), W. Sands(39),
S. Sanfilippo(40)(41), R. Santorelli(15), C. Savarese(4)(5), E. Scapparone(9),
B. Schlitzer(46), E. Segreto(14), D. A. Semenov(33), A. Shchagin(7),
A. Sheshukov(22), M. Simeone(30)(32), P. N. Singh(20),
M. D. Skorokhvatov(24)(26), O. Smirnov(22), A. Sotnikov(22), C. Stanford(39),
S. Stracka(36), Y. Suvorov(24)(30)(31), R. Tartaglia(4), G. Testera(2),
A. Tonazzo(3), P. Trinchese(30)(31), E. V. Unzhakov(33), M. Verducci(42)(43),
A. Vishneva(22), B. Vogelaar(50), M. Wada(39), T. J. Waldrop(6),

Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0) 1

FERMILAB-CONF-19-787-ND-PPD-SCD

This document was prepared by DarkSide Collaboration using the resources of the Fermi National Accelerator Laboratory 
(Fermilab), a U.S. Department of Energy, Office of Science, HEP User Facility. Fermilab is managed by Fermi Research 
Alliance, LLC (FRA), acting under Contract No. DE-AC02-07CH11359.



2

H. Wang(47), Y. Wang(47), A. W. Watson(45), S. Westerdale(13),
M. M. Wojcik(23), X. Xiang(39), X. Xiao(47), C. Yang(21),
Z. Ye(20), C. Zhu(39) and G. Zuzel(23)
The DarkSide Collaboration
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Summary. — DarkSide is direct-detection dark-matter experimental project based
on radiopure argon. The main goal of the DarkSide program is the detection of rare
nuclear elastic collisions with hypothetical dark-matter particles. The present detec-
tor, DarkSide-50, placed at Laboratori Nazionali del Gran Sasso (LNGS), is a dual-
phase time projection chamber (TPC) filled with ultra-pure liquid argon, extracted
from underground sources. Surrounding the TPC to suppress the background there
are neutron and muon active vetoes. One of argon key features is the capability to
distinguish between electron and nuclear recoils, exploiting the different shapes of
the signals. DarkSide-50 new results, obtained using a live-days exposure of 532.4
days, are presented. This analysis sets a 90% C.L. upper limit on the dark matter-
nucleon spin-independent cross-section of 1.1× 10−44 cm2 for a WIMP mass of 100
GeV/c2. The next phase of the project, DarkSide-20k, will be a new detector with a
fiducial mass of ∼ 20 tons, equipped with cryogenic silicon photomultipliers (SiPM).

1. – The DarkSide project: why argon?

At present in the search of WIMP particles with masses larger than a few GeV/c2

dual-phase liquid-argon time projection chambers (TPC) are one of the most outstanding
technologies. More generally noble elements are an excellent choice as a medium to build
dark-matter detectors, because they have good scintillation and ionization properties
and they do not react chemically. They allow to scale to large-mass detectors, being also
homogeneous and easy to purify. In particular, liquid argon (LAr) can provide an ex-
traordinary discrimination power (> 108) provided by the time profile of the scintillation
signal, which allows to identify nuclear recoils, rejecting electron ones [1]. In DarkSide
the parameter used to discriminate between the two categories of events is the fraction
of light collected in the first 90 ns, called f90. However, atmospheric argon contains the
cosmogenic 39Ar isotope, which was considered an irreducible background. DarkSide
solved this issue using argon extracted from deep underground sources (UAr) where the
39Ar content is 3 orders of magnitude less than in atmospheric argon [2]. DarkSide-50
is filled with underground argon and can operate in a basically background-free regime,
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looking for interactions between argon nulcei and WIMPs, with masses of a few tens
of GeV/c2. Considering less strict background requirements, DarkSide-50 has also the
potentialities to investigate lower energies and hence lower WIMP mass ranges, from few
tens of MeV/c2 to the GeV/c2 scale [3].

2. – Today: DarkSide-50

The detector currently operating at LNGS is DarkSide-50, which is based on a dual
phase liquid-argon time projection chamber. The working principle is that an argon nu-
clear recoil can excite other nuclei and produce ionization electrons. The signal generated
in liquid, which is called S1, consists of 128 nm scintillation photons, due to excitation and
recombined ionization. The remaining electrons, that avoid recombination, are drifted
to the liquid surface and extracted with a strong electric field. In the gas phase there is
a further light emission via proportional scintillation, this signal is called S2.

2.1. The detector . – The whole experiment is based on three nested detectors: the
double-phase TPC is surrounded by two veto detectors that are used to reject events
in the TPC caused by cosmogenic (muon-induced) neutrons or by neutrons and γ-rays
from radioactive contamination in the detector components. The TPC has an active
UAr mass of (46.4 ± 0.7) kg that is seen by two arrays of 19 PMTs at the top and the
bottom. The drift field is of 200 V/cm and allows to infer the z-position of the primary
event from the time difference between S1 and S2, while the transverse (xy) position is
determined from the distribution of the S2 pulses over the top PMT array [4].

The Liquid Scintillator Veto (LSV), is a 4.0 m diameter stainless-steel sphere filled
with 30 metric tonnes of boron-loaded liquid scintillator equipped with an array of 110
PMTs, mounted on the inside surface of the sphere to detect scintillation photons. The
aim of the neutron veto is to tag neutrons which can mimic the WIMP-nucleus interac-
tion and reject those events requiring the anti-coincidence between LSV and TPC. The
presence of TMB in the liquid-scintillator mixture favours neutron capture on 10B pro-
ducing α-particles of energy 1.47 MeV, corresponding to a signal of about 30 PE which
can be easily detected.

The LSV is located in the middle of a water Cherenkov muon veto (WCV), a 11 m
diameter, 10 m high cylindrical tank filled with high-purity water, used for rejecting the
coincidences in the TPC induced by the residual flux of cosmogenic muons and also used
as passive shielding for external neutrons and gammas.

2.2. Latest results. – Results from the analysis here reported correspond to data
collected in 532.4 live-days, from August 2, 2015 to October 4, 2017. During this period
the detector was filled of underground argon and was running in its final configuration.
The analysis was performed in blind mode. The basic idea was to open subsequently
sections of the blinded data outside of the WIMP search region, in the (S1, f90) parameter
space in order to fix all the analysis criteria and to improve the background predictions
before unblinding the region of interest.

There are three main categories of background events: surface events, neutrons (cos-
mogenic and radiogenic), and electron recoils. The first are discarded using the fiducial-
ization of the active volume, neutrons are efficiently rejected with the LSV, and electron
recoils are mostly removed with the pulse shape discrimination. The LSV, whose effi-
ciency is estimated to be 0.9964 ± 0.0004, identified 4 neutron candidates and after this
cut the dominant component is due to ERs (0.08±0.04). The acceptance after all cuts is
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Fig. 1. – Top: blinding box (red) applied to data taken in the previous data set (see [3]). The
dashed line is the DM search region. Bottom: observed events in the f90-vs.-S1 plane surviving
all cuts in the energy region of interest, after the data unblinding. The solid blue outline
indicates the DM search region.

60.9% and the fiducial mass corresponds to 36.9±0.6 kg. The number of events expected
using the entire statistics and after all the background rejection is 0.09± 0.04. After the
data unblinding, no events were observed in the region of interest for the WIMP search
(fig. 1). The result found is consistent with up to 2.3 WIMP-nucleon scatters expected

Fig. 2. – Spin-independent DM-nucleon cross-section 90% C.L. exclusion limits.
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at 90% C.L. which sets an upper limit on the spin-independent scattering cross-section
corresponding to 1.14×10−44 (3.79×10−44, 1.10×10−44) for a WIMP mass of 100 GeV/c2

(1 TeV/c2, 126 GeV/c2) [5]. This limit is obtained assuming a standard isothermal
WIMP halo model, with vescape = 544 km/s, v0 = 220 km/s, vEarth = 232 km/s, and
DM = 0.3 GeV/c2cm3.

3. – Tomorrow: DarkSide-20k

The DarkSide main detector will be DarkSide-20k that is going to be a large-scale time
projection chamber with a fiducial mass of ∼20 tons, able to collect a 100 t yr exposure.
The scintillation signal in argon will be detected by cryogenic silicon photomultipliers
(SiPM). The quantity of purified argon necessary to fill the detector will be extracted
in Colorado, as it was done for DarkSide-50, using an upgraded extraction plant. Then
the UAr will be purified using the distillation column installed in the Seruci mine, in
Sardinia [6]. Namely, DarkSide-20k will be able to exclude a WIMP-nucleon cross-section
down to 2.8 × 10−48 cm2 for a WIMP mass or 100 GeV/c2 (fig. 2).

REFERENCES

[1] Lippincott W. H. et al., Phys. Rev. C, 78 (2008) 035801.
[2] DarkSide Collaboration (Agnes P. et al.), Phys. Rev. D, 93 (2016) 081101.
[3] DarkSide Collaboration (Agnes P. et al.), arXiv:1802.06994.
[4] DarkSide Collaboration (Agnes P. et al.), Phys. Lett. B, 743 (2015) 456.
[5] DarkSide Collaboration (Agnes P. et al.), arXiv:1802.07198.
[6] DarkSide Collaboration (Agnes P. et al.), arXiv:1707.08145.




