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Supernova explosions are very powerful phenomena occurring in the space. Although the observation of these events is very rarely achieved, the new generation of ton-scale detectors for
dark matter search are sensitive to neutrinos coming for supernovae which can also represent a
serious and unremoveable background source. A directional detector based on nuclear emulsions
provides the unique capability to observe neutral current interactions of neutrinos originated by
a supernova explosion. NEWSdm is a detector based on nuclear emulsions made of nanometric
size crystals which can make the reconstruction of trajectories with path lengths down to 50 nm
possible if analyzed by means of microscopes with enough resolution.
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1. Introduction

2. Neutrino interaction with the detector
The number of neutrinos interacting in a detector depends on the number of targets, the crosssection σ (E) and the fluence F (E) of the incoming neutrinos:
N(E) =

dN
Mriv
=
σ (E)F (E)
dE
Amuma

(2.1)

where Mriv is the detector mass, A is the atomic mass number, muma is the atomic mass unit. Since
the fluence has an inverse square dependence on distance D between the Earth and the supernova
explosion, the number of incoming neutrinos strongly depends on how far the source is located
from the Earth. In the galactic centre the density of stars is very high and a supernova explosion is
more likely to occur; a distance D = 10 Kpc is therefore assumed in the present study. We focus on
the coherent elastic neutrino nucleus scattering (CEνNS) correspondig to the following differential
cross-section [5]:
2
dσ
G2F QW
=
E 2 (1 + cos θ )F 2 (q)
(2.2)
dΩ (2π)2 4 ν
where dΩ is the solid angle, G2F the Fermi constant, Qw the weak charge, θ the neutrino scattering
angle and F(q) the form factor assuming the Helm’s model.

3. NEWSdm detector
NEWSdm (Nuclear emulsion for WIMP search with directional measurament) [6] is an experiment that foresees the use of nuclear emulsion both as target and tracking detector with nanometric
resolution. The detector is surrounded by a shielding from environmental and cosmogenic background source suppression and it will be placed on an equatorial telescope in order to keep its
orientation towards Cygnus constellation fixed, where the WIMP wind is supposed to come from.
NEWSdm detector, located in the Gran Sasso Underground Laboratory, is made of a new kind of
nuclear emulsions, called NIT or U-NIT (Nano Imaging Trackers or Ultra Nano Imaging Trackers) [7], with AgBr crystals of nanometric size immersed in an organic gelatine. The passage of
2
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The explosion of a Supernova, due to the collapse of a star at the end of its life, is one of the
most energetic observable phenomena in the Universe. Neutrinos are powerful messangers of a
supernova explosion since they carry almost the total energy emitted by the source and are weakly
interacting [1]. Therefore, they could directly explain the underlying processes inside a star leading
to the the violent explosion. The energy spectrum of emitted neutrinos can be parametrized by a
Maxwell-Boltzmann distribution [2] with the mean energies for each type of neutrinos provided
by several models [1]. The total energy released by the supernova is the neutron star gravitational
binding energy that is about 1053 erg [1] corresponding to ∼ 1057 emitted neutrinos. Since the
main processes leading to the neutrino emission are mediated by neutral current interaction we can
assume the energy equipartition for each neutrinos and antineutrinos, as predicted also by several
simulations [3, 4].
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a charged particle through the emulsion produces along its path atomic scale perturbations, called
latent images. The chemical treatment makes Ag grains visible with an optical microscope. A track
will therefore result as a sequence of aligned grains. NIT emulsion films make the reconstruction
of trajectories with path lengths shorter than 50 nm possible if analyzed by means of microscopes
with enough resolution. According to the equation 2.1 the total number of expected events in the
whole detector is ∼ 0.30 ton−1 y−1 .
3.1 Readout strategy

Figure 1: Position accuracy of x (left) and y (right) coordinates of about 10 nm with the resonant light
scattering.

4. Supernova neutrinos detection
A study was performed to evaluate the capability of the NEWSdm detector to observe supernova neutrinos. In order to discriminate the signal (CEνNS interactions from supernova explosion)
from the background (radiogenic neutrons [10] and solar neutrinos from 8 B) three kinematical variables were used: track length, the inclined angle of the induced recoils from the emulsion plane θ
and its projection φ . A likelihood ratio test A likelihood ratio test was used to estimate the significance of the test statistics q = 2 ln(Ls+b /Lb ) as a function of the exposure time for the signal plus
3
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In order to detect tracks comparable and shorter than the optical resolution a two steps strategy
is adopted: the first one consists of an elliptical fit for all clusters, since the scanning with optical
microscope cannot distinguish two grains closer than 200 nm. Indeed, two grains would appear
as a single cluster with an elliptical shape, with the major axis along the actual direction of the
recoiled nucleus, unlike a single grains from thermal excitation that would appear as spherical [8].
The first step is followed by a validation of the selected tracks with polarized light analysis using
the resonance effect of nanometric metallic grains in a dielectric medium [9]. The resonance effect
is sensitive to the shape of nanometric grains: when silver grains are not spherical, the resonant
response depends on the polarization of the incident light. This technique provides an accuracy in
the grain position of about 10 nm in both coordinates (see fig. 1).
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background hypothesis. The shorter the exposure time the larger the significance of S+B hypothesis, since only the background increases with the time. Assuming an exposure shorter than four
years, the observation of supernova neutrinos can be claimed with a significance larger than 3σ CL
with a 30 ton of active detector.

5. Conclusions
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The new generation of ton-scale detector for dark matter search are sensitive to neutrinos coming from supernova explosions. A directional detector for dark matter search, like NEWSdm, can
discriminate the supernova neutrino events from the background coming mainly from radiogenic
neutrons and solar neutrinos from 8 B observing the angular distribution of induced recoils. A likelihood ratio test has been performed in order to evaluate the significance for the signal (supernova
neutrinos) plus background (solar neutrinos from 8 B and neutrons) hypothesis. A significance
larger than 3σ is obtained with 30 ton detector and exposures shorter than four years.

