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The KM3NeT Collaboration
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Cosmic neutrino detection principle
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The KM3NeT technology and infrastructure

The basic elements:
» DOM (Digital Optical Module)
» DU (Detection Unit)

» Seafloor network: electro-optical cables and JBs
(Junction Boxes)




The KM3NeT technology and infrastructure

All data to shore
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Current status and next sea campaigns

April 2021 June 2021 Set/Oct 2021 Spring 2022
6 ARCA DUs 6 ARCA DUs 11 ARCA DUs (ongoing!) 23 ARCA DUs
6 ORCA DUs 10 ORCA DUs (Posponed) 10 ORCA DUs 20 ORCA DUs
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September - October 2021 Spring 2022

> DUs at ARCA site | | 12 DUs + 1JB +1 CB (Calibration Base) +

3 DUs + CU (Calibration Unit) at ORCA site 1 IU (Instrumentation Unit) at ARCA site
* | / DUs at ORCA site




Neutrino Astronomy
at KM3NeT/ARCA




Sensitivity to Diffuse Cosmic Neutrino Flux
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Sensitivity to Point-like and Extended Neutrino Sources

Tracks reconstructed as horizontal or upward going (8 < 100°)

KM3NeT Preliminary — HAWC J1825-134

| ' ANTARES 13yr —— HAWC J1907+063
IceCube 7yr ) —— HAWC J2019+368

7.0yr KM3NeT/ARCA (2BB) —— RXJ1713.7-3946
3.0yr KM3NeT/ARCA (2BB)

& /®, for 90% CL
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Muller et al. [KM3NeT Coll.], PoS (ICRC2021) 1077




Core-Collapse Supernovae Neutrinos

Neutrinos produced when a star’s core collapse at the end of its evolution.

Main interaction channels in water:

» inverse beta decay of electron anti-neutrinos e e e e —— T
on free prOtonS KM3NeT . ORCA background ORCA+ARCA, 11 Mo
. . B 40 M, at 10 kpc ORCA+ARCA, 40 MO
> glastlc scattering on electrons. i o . '
» interactions with oxygen nuclei

11 My at 10 kpc
KM3NeT

The sensitivity of KM3NeT to a CCSN neutrino
burst is evaluated considering the variation of
the multiplicity coincidence rate after the filter,
in a 500 ms time window.
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| Aiello et al. [KM3NeT Coll.], Eur. Phys. J. C 81 (2021) 445 |
L - . . SN

ARCAG6 and ORCAG6 already participating to the SNEWS (SuperNovae Early Warning System) network aiming for the detection of
supernovae in our Galaxy.
In the final configuration KM3NeT detectors will have a 5o sensitivity for more than 95% of the Galactic progenitors (1 1Mo).
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Real-time Multimessenger program

Goals:
» Trigger neutrino alerts to the astronomy community
» look for time/space coincidence around external electromagnetic and multi-messenger triggers

Based on: , p—

: ) PRELIMINARY
» Fast online reconstruction

» Fast selection of high-purity neutrino sample

The program is based on two pipelines:
1. The MeV CCSN monitoring pipeline (ORCA)
2. The GeV-PeV neutrino alert pipeline (ARCA)

External EM/MM
triggers




Selection of atmospheric neutrino flux

For this analysis a total livetime of ARCA6 data of ~ 19 days is used. Selection criteria applied to remove the atmospheric
muon bkg:

- 15 events observed as upgoing

- 4 v-events expected from MC
- 7/ u-events expected from MC

KM3NeT Preliminary
ARCAG®G, 19.4 days livetime

KM3NeT Preliminary
ARCAG, 19.4 days livetime

atm. muon MC

atm. neutrino MC

number of events / bin
number of events / bin

atm. muon MC

—— atm. neutrino MC

. ; 0.6 0.8 1
cos(zenith_reco) cos(zenith_reco)
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Sinopoulou et al. [KM3NeT Coll.], PoS (ICRC2021) 1134
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Measurement of atmospheric muon flux
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Sensitivity to transient sources

» The search method is based on a binned cut-and-count technique

» Cosmic neutrinos spectrum: y =2.0 ®y = 107° GeV-lcm2s lsr!

» Time window 1000s
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KM3NeT/ARCAG Performances
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Summary & Outlook

» First KM3NeT/ARCA DU operating since 2015 + 5 more DUs in stable data taking since May 2021
» First 6 KM3NeT/ORCA DUs operating since 2019

» Well established underwater technology and calibration procedures

» The good Data/MC agreement reveals the good understanding of the detector

» KM3NeT/ARCA effective area already better than ANTARES

» The good angular resolution will let KM3NeT/ARCA to contribute enormously to the neutrino astronomy

The deployment of 5 KM3NeT/ARCA DUs is ongoing!!
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Backup slides
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Neutrino telescopes: science with a multi-energy scale

NEUTRINO ENERGY FROM MeV TO PeV

HE neutrinos

Super Novae explosion Neutrino oscillation Dark Matter (*) Multi-messenger program

MeV GeV TeV

PeV 4
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ARCA reconstruction resolutions
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KM3NeT/ARCA Preliminary

median angular error [deg]

Track median angular resolution
<0.10 at E>100 TeV

Shower median angular
resolution < 20
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