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Abstract

KM3NeT is a neutrino observatory under construction in the Mediterranean Sea, designed to explore
fundamental questions in neutrino physics and astrophysics. It consists of two deep-sea Cherenkov de-
tectors: ARCA, located off shore Sicily and optimized for high-energy cosmic neutrinos (TeV–PeV), and
ORCA, near the French coast, designed for the detection of atmospheric neutrinos (2– 100 GeV) and neu-
trino oscillation studies. ARCA and ORCA are currently operated in partial configurations, taking data and
producing competitive results. Recent high-impact results include the observation of the ultra- high-energy
neutrino event KM3230213A, demonstrating the experiment’s capability for probing extreme-energy as-
trophysical phenomena. KM3NeT also plays a pivotal role in the field of multi-messenger astronomy,
providing real-time neutrino data streams that facilitate coordinated observations with other cosmic mes-
sengers. This paper provides an overview of the current status of the KM3NeT infrastructure, highlights
recent scientific results, and discusses the prospects for future scientific exploration with the full detector
configuration.

1 Introduction

Neutrinos constitute exceptional cosmic probes, capable of propagating over cosmological distances and through
highly dense astrophysical media without significant absorption or deflection, thereby preserving valuable in-
formation about their production environments and mechanisms. Their detection offers a direct opportunity to
explore the most energetic phenomena in the Universe, such as Active Galactic Nuclei (AGN), Gamma-Ray
Bursts (GRBs), and the interactions of Ultra-High-Energy Cosmic Rays (UHECRs) with surrounding pho-
ton fields. At lower energies, neutrinos serve as a powerful tool for probing fundamental aspects of particle
physics, such as neutrino oscillations. Nevertheless, the small interaction cross sections that endow neutrinos
with their ability to penetrate matter also make their detection exceedingly challenging, requiring detector tar-
gets with masses of several megatons and instrumented volumes extending over cubic-kilometre scales.
The KM3NeT (Cubic Kilometer Neutrino Telescope) collaboration aims at exploring both frontiers simultane-
ously. It is constructing two deep-sea Cherenkov detectors in the Mediterranean Sea, using the same detection
technology but optimized for different energy ranges. ARCA (Astroparticle Research with Cosmics in the
Abyss), located offshore Capo Passero, Sicily, at a depth of 3500 m, targets the detection of high-energy cosmic
neutrinos in the TeV–PeV range, focusing on neutrino astronomy and multi-messenger observations. ORCA
(Oscillation Research with Cosmics in the Abyss), installed approximately 40 km off the coast of Toulon,
France, at 2450 m depth, is optimised for the detection of atmospheric neutrinos in the 1–100 GeV range, to
study neutrino oscillations and the neutrino mass ordering. Together, the two detectors offer complementary
capabilities for astrophysics and precision neutrino physics [1].
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