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Abstract. This study explores using transformer models to analyze data from
the KM3NeT/ORCA neutrino telescope. Due to the increasing detector’s size,
reconstructing neutrino events is challenging. By training models on simula-
tions for the full detector (115 detection units) and fine-tuning them on smaller
configurations, significant performance improvements can be achieved com-
pared to models trained from scratch on limited data samples. This approach
also helps estimate the detector’s sensitivity as it grows.

1 Introduction

A transformer model is a novel deep learning architecture that handles sequential data, pro-
cessing their components in parallel, able to capture complex patterns and relationships on
it [1]. Transfer learning is the technique of adapting models pre-trained on a specific task
to solve a different but related problem [2]. In this study, we explore the potential of such
methods to improve the reconstruction performances of the KM3NeT/ORCA neutrino tele-
scope [4], currently in construction in the Mediterranean sea, at a depth of 2450 km about
40 km from Toulon (France), which aims to measure the neutrino mass hierarchy using at-
mospheric neutrinos in the range of 1-100 GeV [3]. The detector is a tridimensional array of
photomultiplier tubes within digital optical modules arranged along vertical detection units
(DUs). The light pattern can be arranged as a time-ordered sequence with position, direction,
and timing information from the telescope within a time window of [-250, 2500] ns around
the reconstructed neutrino interaction time, and can be used to reconstruct neutrino physics.

2 Transformers in KM3NeT/ORCA: first results and perspectives

Simulations for already deployed configurations of the telescope are generated following
a run-by-run approach, i.e. using time-dependent data-taking conditions to generate MC
simulated runs that account for the detector behavior in a given configuration. However,
those runs are not always enough to properly train the models. When applying transfer
learning from the full detector (115 DUs) to the ORCA6 and ORCA10 configurations
(with 6 and 10 DUs respectively), we observe a significant improvement in event topology
classification with limited data (1k training events) and limited training time (O(ls) per
epoch) with respect to models trained from scratch, as illustrated in Fig. 1 by the AUROC
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value, i.e. the model’s ability to distinguish the two topologies (track/shower), with higher
values indicating better discrimination and robustness.

Even if the training sample increases, models trained from scratch are never able to over-
come or to even reach comparable performances as those achieved by models fine-tuned on
the full configuration, which retain valuable information from DUs not yet deployed. As an
example, Fig. 2 shows the improvement in the reconstructed neutrino direction (left) and the
performance boost (right) obtained for the two detector configurations, with a sample of only
200k training events.
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The opening angle plateaus at around 5° for 6 DUs. At this stage, neutrino reconstruction
performances are limited both by the small size of the detector (<10% of its final configura-
tion) and by the training sample. In the near future, this method will be applied to a recon-
struction algorithm trained on all ORCA configurations that have been running so far (up to
ORCAZ24), to further improve the characterization of neutrino events in KM3NeT/ORCA.
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Figure 2: Left: opening angle in neutrino direction reconstruction (as estimated by the number of DUs containing
at least one optical module having collected data) for ORCA6 and ORCAI10 configurations, comparing models
trained from scratch and models fine-tune from ORCA115 detector. Right: Gaussian negative log likelihood loss
function time-evolution for the various models.
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