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The CYGNO experiment, a directional detector for direct Dark Matter searches
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The CYGNO project aims at the development of a high precision optical readout gaseous Tima Projection Chamber (TPC) for
directional dark matter (DM) searches, to be hosted at Laboratori Nazionali del Gran Sasso (LNGS). CYGNO employs a He:CF4
gas mixture at atmospheric pressure with a Gas Electron Multiplier (GEM) based amplification structure coupled to an optical
readout comprised of SCMOS cameras and photomultiplier tubes (PMTs). This experimental setup allows to achieve 3D tracking
and background rejection down to O(1) keV energy, to boost sensitivity to low WIMP masses. The characteristics of the optical
readout approach in terms of the light yield will be illustrated along with the particle identification properties. The project timeline
foresees, in the next 2-3 years, the realisation and installation of a 0.4 m?> TPC in the underground laboratories at LNGS to act as a
demonstrator. Finally, the studies of the expected DM sensitivities of the CYGNO demonstrator will be presented.
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1. Directional Dark Matter Search wind of DM particles coming from the Cygnus constellation in

the laboratory rest frame. This wind imprints a directional de-

Since the last decades, dark matter (DM) has been consid-
ered a well established element of our Universe, even though
its nature is still elusive and unknown. The leading theory pre-
dicts the existence of at least one new particle not included in
the Standard Model of particle physics. Among various candi-
dates the Weakly Interactive Massive Particles (WIMPs) stand
out as they were predicted by models of both Cosmology and
particle physics. Our Galaxy is believed to reside within a DM
halo made of these hypothetical neutral massive particles which
would interact only weakly with standard matter [[L]. In this hy-
pothesis, nuclear recoils of few keV can be induced by DM elas-
tic scattering and detected by experiments on Earth. The motion
of the Sun around the centre of the Galaxy produces an apparent
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pendence in the recoil angular distribution that no background
can mimic[2]]. The angular distribution will be highly dipolar,
an aspect which can be utilised to positively identify DM, to
constrain DM halo characteristics and that will help to strongly
reduce the impact of the well known neutrino fog on the dis-
covery potential of direct DM experiments [3].

2. The CYGNO detector concept

The CYGNO experiment aims at building a large volume
gaseous Time Projection Chamber (TPC) in a back-to-back
configuration with 50 cm drift per side, filled with a He:CF4
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Figure 1: The LEMOn prototype [4]. The elliptical sensitive volume (A), the
PMT (B), the optical bellow (C) and the sCMOS camera (D) are indicated.

60:40 gas mixture operated at atmospheric pressure and room
temperature in the Laboratori Nazionali del Gran Sasso (LNGS)
[4]. The charge freed by any ionising radiation inside the sen-
sitive volume will be drifted towards the amplification stage
which consists in a triple Gas Electron Multiplier (GEM) struc-
ture. Here, the charge will be multiplied and, thanks to the
properties of CF,, also light will be produced. The readout will
be optical by means of two different light detectors: PMTs and
SCMOS cameras by Hamamatsu. The PMT is a fast response
detector and will allow to obtain information on the imping-
ing radiation such as the energy, through the amount of pho-
tons collected, and the length of the track along the drift di-
rection (henceforth z), thanks to the time spread of the signal.
On the other hand, a SCMOS camera is a highly granular sen-
sor with single photon sensitivity which will image the GEM
plane, capturing the 2D projection of the track of the original
radiation, other than counting the photons for the energy eval-
uation. Linking the information coming from the two detectors
it will be possible to reach a three dimensional reconstruction
of the tracks with a precise measurement of the energy.

3. Experimental results from prototypes

One of the CYGNO prototypes is LEMOn (sketch in Fig.
a 20 X 24 cm? readout area with 20 cm drift equipped with
a triple 50 um thick GEM amplification stage. Using an Fe
source emitting 5.9 keV photons, it was possible to evaluate a
light yield detector response which resulted in roughly 650 pho-
tons per keV with an average energy resolution of 15% along
all the drift distances. Such large light yield and the character-
istics of the camera permit to infer a 1 keV energy threshold.
In the context of DM searches, it is of high relevance to dis-
criminate signal nuclear recoils from background electron re-
coils. LEMOn was exposed to a »Fe source which induces
electron recoils and to a >*' AmBe neutron source which causes
nuclear recoils of few keV. A preliminary study, only exploiting
the photon density along the track granted by the granularity of
the readout, allowed an efficiency of 18% on nuclear recoils
while suppressing 96% of background at 6 keV. More thorough
studies are ongoing with the help of simulations and neural net-
works techniques to augment the power of rejection[4].

4. Future of CYGNO

In February 2022, the LIME prototype, a 50 I mono-chamber
detector with 50 cm drift length equipped with a triple 50 ym
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Figure 2: Spin Independent 90% CI for WIMP-nucleon cross section for 30
m? CYGNO detector for 3 years of exposure with different background level
assumptions and operative threshold of 1 keVe. Figure from [4].

thick GEM stack, was installed underground at LNGS to be
tested under low background environment, realistic for rare
event searches. The goal is to validate the Monte Carlo simu-
lations of the expected background with a staged shield config-
uration of copper (max 10 cm) and water (max 40 cm). In the
next future, from 2023 to 2026, CYGNO-04 will be installed
underground at LNGS. This detector will comprise a back-to-
back configuration with 1 m of drift length split into two 50
cm drift chambers each with a 50 x 80 cm? readout area. The
technical design report has been submitted to the LNGS and it
will be hosted in Hall F. The aim of CYGNO-04 is to prove
the scalability of the experimental technique and the capabil-
ity of enhancing the radiopurity of the materials employed for
the construction. Finally, a CYGNO-30 detector, with a back-
to-back chamber of 1 m of total drift length with an overall
sensitive volume of 30 m* would be able to sensibly contribute
to the DM searches. Fig. [] shows the expected limit on the
Spin Independent WIMP to nucleon cross section as a function
of the DM mass for a CYGNO-30 like detector with a 1 keV,,
energy threshold and different background considerations, from
100 up to 10* events per year. The experiment would be com-
petitive with the lowest limits of current experiments below 10
GeV/c? WIMP masses, but with the uniqueness of being a di-
rectional detector.
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