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» Neutrino Astronomy and the KM3NeT project
- Technology and infrastructure
- Current status and plans

» Search for cosmic neutrino sources with ARCA
- Sensitivity to Cosmic Neutrino Fluxes
- Real time Multi-messenger program

» Oscillation research with ORCA

» Summary and outlook



Neutrino Astronomy

...OPEnS a new window on ouwr walverse...

[

» Neutrinos: neutral, stable, weakly

Interacting

-not absorbed by background light/CMB
(access to cosmological distances)

-not absorbed by matter (access to dense
environments)

-not deviated by magnetic fields (astronomy
over a wide energy range)

‘Smoking gun’ signature for hadronic
processes

Correlated in time/direction with
electromagnetic and gravitational
waves: Multi Messenger Astronomy



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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KM3NeT: ARCA and ORCA
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Neutrino telescopes: science with a multi-energy scale

NEUTRINO ENERGY FROM MeV TO PeV

HE neutrinos
Multi-messenger program
PeV 4

Super Novae explosion Neutrino oscillation Dark Matter (*)
MeV GeV TeV




Current status and next sea campaigns

21 ARCA DUs & 20 ORCA DUs

From September to Dicember 202 3:

ARCA: 10 DUs
ORCA: 6 DUs + 1 Instrumentation Unit + 1 Calibration Base
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Sensitivity to point-like and extended neutrino

sources with ARCA
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KM3NeT/ARCA6-21 Preliminar

Sensitivity
ARCA®6 (92 days)
ARCA6-8 (302 days)
ARCAG6-21 (424 days)
ANTARES (15 yr)
IceCube (10 yr)
ARCA230 (10 yr)

Observed limits

ao ARCA6 (92 days)

e ARCA6-8 (302 days)
ARCA6-21 (424 days)
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Sensitivity to diffuse astrophysical neutrino fluxes

Upper limits to diffuse flux of astrophysical neutrinos
assuming IceCube best fit y = 2.37 and ®,= 3.06

KM3NeT/ARCAS preliminary, 212 days
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= ARCAG6 + ARCA8 y€ (2.1, 2.5] (this work)
we— ARCA 64+8+19+421 y€ (2.1, 2.5] (this work)
- e ANTARES 1f best-fit flux (2018)

we |ceCube 1f best-fit flux (2022)

90% C.L. Upper Limits

104 105 108
Energy [GeV]



https://pos.sissa.it/444/1195/

Astronomy potential for the full ARCA detector

KM3NeT/ARCA230 Preliminary KM3NeT/ARCA230 Preliminary

Median, 68% quantiles
-, CC selected as track

VeCC selected as shower
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Astronomy potential for the full ARCA detector

Diffuse flux

| KM3NeT/ARCA230 Preliminary

Significance o

KM3NeT/ARCA230 Preliminary
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Real time Multi-messenger program

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

Based on:
» Fast online reconstruction
» Fast selection of high-purity neutrino sample , ‘_ el
PP PP @@ NN B — ll Triggered evt
. . . D@D @D @ Dlstnbutlo; gga'ysis
The program is based on two pipelines: PP DD B °° Classifier S
. . . . @ ‘m @ g :3 s ORCA shore station
1. The MeV CCSN monitoring pipeline (ORCA) pagazan
2. The GeV-PeV neutrino alert pipeline (ARCA) 4= 4B l

Classifier

Distribution Services
P e v | — Storage/viewer/DBs Handler

Telescopes, OPA
SNEWS, AMON
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ORCA: neutrino oscillation with atmospheric neutrinos

Normal ordering  Inverted ordering

» Goals: determine the neutrino mass ordering and
] ] ] ] ] l/ 2
measuring atmospheric neutrino oscillations = 2 I T

» The experiment focuses on the measurement of the energy- and zenith-angle-dependent oscillation patterns of
cosmic-ray-induced neutrinos with a few-GeV energy that originate in the atmosphere and traverse the Earth

» The power to distinguish between the
two different mass orderings is linked to
the detection of an excess or deficit of
neutrino events in different regions of
these oscillation patterns.
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ORCA®G: neutrino oscillation with atmospheric neutrinos

Oscillations are seen with significance > 60 in L/E distributions

KM3NeT/ORCAG6 Preliminary, 433 kton-years KM3NeT/ORCA®6 Preliminary, 433 kton-years
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Measurement of the atmospheric muon neutrino flux
with ORCAG

- KM3NeT preliminary

ORCAG6 - 5255.7 days

—$— KM3NeT/ORCA (2023) - (stat. only)
Super-Kamiokande (2016)
ANTARES (2021)

1 5
log(E/GeV)
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Summary & Outlook

KM3NeT/ARCA: current status 21 DUs, effective area already better than ANTARES

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

- detection of the diffuse flux observed by IceCube with 5o significance in less than a year

- sensitivity to astrophysical sources in the Southern Hemisphere improves by almost 2
orders of magnitude with respect to IceCube

- multi-messenger program

KM3NeT/ORCA: current status 20 DUs

Measurement of neutrino oscillations and best fit of oscillation parameters
Search for new physics: physics beyond the Standard Model

KM3NeT infrastructure procurement and construction in progress
Funding assured for ~125 ARCA DUS and ~50 ORCA DUs ....improved results soon!!!

19
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Atmospheric muon

v, = T + shower
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Search for diffuse astrophysical neutrino flux from
the Galactic Ridge with ARCA

The methodology adopted for the analysis is an on-off technique
Neutrino signal follows a power-law energy spectrum with EO = 40 TeV

®,(E) = 95* =

KM3NeT/ARCA6+8+19+21 Preliminary, 432 days
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1 = KM3NeT / ARCA6+8 combined 90% C.L. upper limit [this work]
w— KM3NeT / ARCAG+8+19+21 combined 90% C.L. upper limit [this work]
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ORCA®G: neutrino fit systematics uncertainties

KM3NeT/ORCAG6 Preliminary, 433 kton-years KM3NeT/ORCAG6 Preliminary, 433 kton-years
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ARCA reconstruction resolutions

» Track: e -
10 TeV <E, <10 PeV - E? spectrum -
Entries 42154 é . .
Mean 0009654 2 14 Track median angular resolution
Sigma 0.2024 8
= < 0.10 at E>100 TeV
g
107
-1 05 0 05 1.5
. |Og (E /Ereco)
~0.2inloge " *
1
» Shower: Shower median angular

resolution < 20

median angular error [deg]
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Measurement of atmospheric muon flux

‘N’
L.
O}
-
©
o

o KM3NeT
= ANTARES
——- Model

0 v . : o . . - : : . $ . ’
2. 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Multiplicity

O
S
--------
RO
-----
S
2

W
-------

2200 2400 2600 2800 3000 3200 3400
Depth [m w.e.]

Ageron et al. [KM3NeT Coll.], Eur. Phys. J. C 80 (2020) 99



