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Exploiting the latent space of deep AutoEncoders for
the identification of signal pulses in noisy time-series

In this contributionwe propose a data-driven technique based on self-supervised deep neural networks, specif-
ically convolutional and variational autoencoders (AE), developed to improve the sensitivity to signal pulses
over a significant background in long waveforms.
The dataset consists of synthetic waveforms with around 10,000 samples; each time-series is composed of
non-gaussian noise, with the addition of a log-normal shaped signal pulse in a fraction of the events. The AE
model is set up to heavily compress the input waveform in a 4-dimensional latent space, allowing a direct
study of the features in such a reduced representation.
After a training of about 100 epochs on 7000 waveforms, a region in the latent space where the network
encodes time-series presenting only background noise clearly emerges, allowing in turn to tag as signal candi-
dates those falling outside this range. When applied on a test dataset of freshly generated waveforms, such a
procedure correctly labels 100% of the events with a large signal, and the fraction of successful identifications
only decreases for signal peak amplitudes comparable with the accidental pulses in the background.
This approach was designed to fully exploit the measurements in dual-phase Liquid Argon Time Projection
Chambers, as the one of the Recoil Directionality (ReD) experiment, a R&D apparatus built in the context of
the Darkside project. The goal is the identification of delayed electroluminescence (S2) signals in gas, produced
by very low energy (~ a few keV) nuclear recoils, with a sensitivity at least comparable to the conventional
reconstructions. Furthermore, we aim to export this technique to other distinct experimental settings in the
field of astroparticle physics.
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