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Same technology for:

KM3NeT/ARCA (Astroparticle Research with Cosmics in the Abyss) -
Observation of high energy (GeV + PeV) neutrino sources with a
telescope offshore Capo Passero (Sicily-ltaly) at a depth of ~3500 m

More than 65 institutes KM3NeT/ORCA (Oscillation Research with Cosmics in the Abyss) -
Determination of the neutrino mass hierarchy with a detector

offshore Toulon (France) able to detect neutrinos of tens of GeV at a
depth of ~2500 m

in 22 countries in 5 continents

Marco Circella, INFN Bari, for the KM3NeT Collaboration | TeVPA — Chicago 2024
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Multi-PMT DOM (Digital Optical Module)
o 31 PMTs (3” photocathode)

| h;:.,\ The DU is packed on a

e Maximal sensor area S | ! :
« Photon counting 18 DOMs are installed in a spherical _Iaunche_r vehicle
« Directional sensitivity DU (Detection Unit) for installation

The KM3NeT technology: DOMs and DUs

Marco Circella, INFN Bari, for the KM3NeT Collaboration | TeVPA — Chicago 2024



Remotely operated Detection Units Interlink cable
Submarine ' '

Multiple DU installation in the same campaign

Marco Circella, INFN Bari, for the KM3NeT Collaboration | TeVPA — Chicago 2024
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31x 3" PMTs

43 cm
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KM3NeT/ARC

Main electro-
o 19 BUs tobe = =3
deployed this faliis s

ARCA

Main electro-
optical cable

230 Detection Units
18 DOMs / D

N 3’_’_ S 1 Gton detector

N .

BLOCK 2
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Equipped for detection of all neutrino flavours!

CC v+ all flavours NC CCv, Atmospheric muon
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v. = T + shower
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Tracks: @Ev>100 TeV Angular resolution below 0.1° - Energy resolution ~factor 2

Shower: @E>100 TeV Angular resolution below 2° - Energy resolution ~6%

Marco Circella, INFN Bari, for the KM3NeT Collaboration | TeVPA — Chicago 2024
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Physics of KM3NeT

Supernova explosions Neutrino Oscillation Dark Matter High Energy Neutrino Astronomy
ARCA&ORCA Main Topic of ORCA ARCA&ORCA Multi-Messenger Program
Main Topic of ARCA

From MeV... ...to PeV (and beyond!)

Selected results follow

Marco Circella, INFN Bari, for the KM3NeT Collaboration | TeVPA — Chicago 2024
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On-line alert system for CCSN already implemented
Integrated in SNEWS
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Simulations HP Tracks
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constructed Energy [GeV Reconstructed En

Data HP Tracks rents A Data LP Tracks

Energy range of interest 5-15 GeV

P(v, = v) for 8=130¢
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3 classes of events
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Results from analysis of ORCAG6 (433 kton-yr) available in

https://arxiv.org/pdf/2408.07015
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KM3NeT quickly reaching the ANTARES limits
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ANTARES and KM3NeT/ARCA Preliminary: E~2* sensitivity

Model Rejection Factor sensitivity
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5 KM3NeT/ARCAG+8+19+21 preliminary, 652 days

With the data collected
until Sept. 2023 same
sensitivity as ANTARES
15 years of data for track

events
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On-Off zone analysis

[l] <31°and |b| < 5° for KM3NeT/ARCA6-8 and
[Il <31°and |b| < 4° for KM3NeT/ARCA19-21

KM3NeT/ARCA6+8+19+21 Prelimina

== KM3NeT/ARCAG+B+19+21 combined sensitivity [ICRC2023 results]
== KM3NeT/ARCAE+B+19+21 combined sensitivity [this work]
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‘ upper limits (432d)
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KM3NeT/ARCA rapidly approaching the ANTARES sensitivity
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https://arxiv.org/abs/2309.05016
https://arxiv.org/abs/2309.05016
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KM3NeT/ARCA Preliminary

Median, 68% quantiles v,CC
—— ARCA6-8
—— ARCA19-21

102}

Statistical errors shown only
(systematics currently dominate)
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e Accumulating more and more data
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pth, B

« Angular resolution improves as detector grows
« Dedicated system for improving pointing accuracy will be put in operation in fall
« The KM3NeT upper limits are quickly reaching the ANTARES 15yr limits

Marco Circella, INFN Bari, for the KM3NeT Collaboration | TeVPA — Chicago 2024

=™

Sex arch for cosmic (point) sources of ne

EM3NeT/ARCAG-21 Preliminary

.ﬂ.HCnE msnz dm,n.] ——y Y . -
- aE L l- - ® §a

LE a? g——
-"h!" 1.- F‘h“ -.--# ‘.‘ . e

ANTARES (15 yr)

Sensitivity

P lceCube (10 yr) .
= « Observed limits s _[ Oyr)




g

e

______KM3NeT perspectives ____

g

ORCA - Neutrino mass ordering

KM3NeT Preliminary

Total now: 0.65 - 1.24 sigma | Last updated: 2024-05-27 18:29:46 UTC
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https://arxiv.org/abs/2402.08363

2020 2021 2022 2023 2024 2025 2026 :

ANTARES
decommissioning

ARCA 48 DUs
ORCA 24 DUs

ARCA & ORCA
completion

Marco Circella, INFN Bari, for the KM3NeT Collaboration | TeVPA — Chicago 2024



- M e -:* ':
detection,

C e : . see deeper into SOUrces | g, ce region, e. g. Understand the

:‘“ :T = : __ 'T'_ = = -F_:- So .El:,ﬁra?(lf:g?gdus‘cmuas’ production
: = e Supernova, mechanism of
Multi-messenger framework developed in KM3NeT 7? imerstellar | y.rays
Gamma Ray Bufs;_?RB E:;l)zlglt'ﬁenls
KM3NeT actively monitors and analyses a variety of o %@ Cherenkov
external triggers in real-time, including alerts due to | = \ "
IceCube neutrinos, Fermi/Swift GRB, HAWC gamma-ray the origin of /. \ == B
transients, LIGO-Virgo-KAGRA gravitational waves, (oY /.' ), ./ Earth
SNEWS neutrino alerts, and others | /  arenomeramme ] _ﬂ"" N~
// Protons / chargedrpamcles A At;n:,;phere
* Recelving alert system operative Real Time Analysis platform active since Nov. 2022 in ARCA & ORCA
» Several thousands of alert received and analyzed in real time no significant excess found in any
such alert so far
» Sending alert system being set up High-energy neutrino alerts will be sent in real-time by end of 2024

Marco Circella, INFN Bari, for the KM3NeT Collaboration | TeVPA — Chicago 2024
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ssage from the cosmos: the first UHE neu
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sage from the cosmos: the first UHE neutrino!

. Exceedmgly likely for an atmospheric muon to trave ' that much water/column '_ "'='— or for an
atmospheric neutrino to provide sucl 5 t's the ewdence of a cosmic neutr

« Light profile consistent with 3 large energy deposmons along the muon track - characterlstlc of stochastic
losses from very-high-energy muons

(Low light scattering in sea water and good time resolution are instrumental to get such rich details)

KM3NeT

e Position of light
Preliminary

emission along track
consistent with hittime & t,,
assuming direct light

20
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0
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Outlook and conclusions
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The KM3NeT detectors ARC. JIti-PMT Optical Modt ign to explore

from the deep sea the frontie 8 estigate the neutrino prope

KM3NeT has been taking high-quality data already during its construction phase

New results available about neutrino oscillations, search for cosmic neutrinos and a variety of other topics
(atmospheric muons and neutrinos, search for new physics, etc.) — with much more to come!

An event with unprecedented energy has been observed in rich detail — a muon with energy >> 10 PeV!
Detector construction is well proceeding:

» effective integration and deployment procedures are in place

 integration facilities are being further extended

» funding secured for ~2/3 ARCA and ~1/2 ORCA, new requests in preparation

Aiming at completing both ARCA and ORCA for 2028

Marco Circella, INFN Bari, for the KM3NeT Collaboration | TeVPA — Chicago 2024
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