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A Neutrino/Telescope
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log(flux)

“We propose setting up apparatus in an underground
lake or deep in the ocean in order to separate charged
particle directions by Cerenkov radiation”, Markov 1960
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Oscillation Research with s —fm , o )

# structure calibration (CB)

Cosmics in the Abyss = M
ORCA |ARCA See Chiara Poire’s talk

Strings 115 115 % 2

String spacing 20 m 90 m

DOM spacing 9m 36 m

Instrumented mass 500 x 2 Mton

Energy range TeV — PeV

KM3NeT-ARCA block 1
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Astroparticle Research with
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https://x.com/km3net/status/1655947085890584576

Broad Physics Scope

KM3NeT - ARCA KM3NeT - ARCA
KM3NeT - ORCA FeTTT T T T T T T I
Low Energy Low Energy Medium Energy High Energy
~ MeV >10 GeV 10 GeV <E <10TeV E,>1TeV

Extended Mantle
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Early ° *
Proto—neutron

~Star

Vv from extra-terrestrial sources,
origin and production
mechanism of HE CR

1
CCSN detection Vv oscillations dark matter search :
1
1

...and exotic searches

g’g m NEUTRINO ASTRONOMY
AN
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Diffuse searches

ANTARES and KM3NeT/ARCA Preliminary: E~2# sensitivity

Model Rejection Factor sensitivity
—— ANTARES 2007-2022 tracks (4541 days)
—— ANTARES 2007-2022 showers (4541 days)
ANTARES 2007-2022 low-energy showers (4541 days)
= ARCAZ21 tracks (287 days)

ARCA21 287 days
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10—6 KM3NeT/ARCA6+8+19+21 preliminary, 652 days

ARCA6+8+19+21 y€[2.1,2.5] (ICRC2023)
ARCA6+8+19+21 y€[2.1, 2.5] (this work)
ANTARES 1f best-fit flux (2018)

IceCube 1f best-fit flux (2022)

ARCA 652 days

IceCube 2022
Sensitivity /

/
ANTARES 12 years

10° 106
Energy [GeV]

KM3NeT/ARCA rapidly approaching ANTARES/IceCube sensitivities
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Diffuse searches

KM3NeT/ARCA230 Preliminary

Significance o

Astrophys. J. 928 (2022) 50

Observation years

Full KM3NeT/ARCA
diffuse flux discovery
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KM3NeT/ARCA6+8+19+21 Preliminary, 641 days

= = KM3NeT / ARCA6+8+19+21 combined sensitivity [ICRC2023 results]
~ == = KM3NeT / ARCA6+8+19+21 combined sensitivity [this work]
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\\:\\ ARCA upper limit (432 days)
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SO B LANTARES best-fit flux

IceCube TT° N So/m o
best-fit flux SN - e~

—— lIceCube / KRA3 best-fit flux [2023]

—— IceCube / n° model best-fit flux [2023]
—— ANTARES / Galactic Ridge best-fit flux [2022]

104
Energy [GeV]

IceCube KRA *
best-fit flux

KM3NeT/ARCA Galactic Plane
[1] <31° |b]| <4°-5°
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Point source searches

KM3NeT/ARCA6-21 Preliminary KM3NeT/ARCA230 Preliminary

Significance o
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ARCA6-21 (646 days)
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Sensitivity
= o Observed limits
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@GeV'

@v ‘\

IceCube (10 yr

—0.75 —050 —025 000 025 2 3 4
sin(d) Observation years
KM3NeT/ARCA partial configurations Full KM3NeT/ARCA
PS sensitivities & upper limits discovery for NGC 1068
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Real Time Multi-Messenger Program

Dedicated software+hardware at shore stations for Real-Time Analysis (RTA)

coming soon... EM/MM external communities

KM3NeT real-time analysed alerts

KM3NeT Preliminary

Receiving alert system: OPERATIVE, since November 2022, on-line analysis and follow-up
Sending alert system: INCOMING, HE neutrino alerts will be sent in real-time (commissioning

in private with some partners starting this year)
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Number of events (in 500 ms)

CCSN searches

KM3NeT PRELIMINARY

ORCA115 background

¥ ARCA115 background

—— Total background
Signal + background

M 40 M, at 10 kpc
M 27 M, at 10 kpc

11 M, at 10 kpc

Multiplicity

Sensitivity (o)

R ——
HOW FAR AWAY THE
NEW SUPERNOVA IS

11 Mo, without BDT
27 Mo, without BDT
40 M, without BDT
11 Mo, with BDT
27 Mo, with BDT
40 M, with BDT

ARCA28 + ORCA24

80
Distance (kpc)

Increase of DOM rates due to many MeV neutrinos from the collapse
Alert system already operational and infegrated in SNEWS network
50 detection by ARCA+ORCA for 27 M j CCSN at <50 kpc distance
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Each single DOM can
act as a detector

KM3NeT/ORCAS, 6 hours run

- MC
Muons
Radioactivity
Data

KM3NeT PRELIMINARY

12 14
Multiplicity



https://m.xkcd.com/2878/
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Deep-seatelescoy
neutrinowith highest
energyeverrecorded

'KM3-230213A: muon track compatible with a
220 PeV neutrino rendered in Lake Louise

~act

~ 500 m



https://www.youtube.com/watch?v=5pOz4qdnS1s
https://www.youtube.com/watch?v=5pOz4qdnS1s
https://www.nature.com/articles/s41586-024-08543-1
https://www.nature.com/articles/s41586-024-08543-1

Event well reconstructed as a track, showing 3
KM3_2302 ] 3A e\/enT large energy depositions through the detector
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KM3-230213A energy

Muon energy T T T T

~PMT
10PeV 1,000 PeV i Nyiqg = 3672

[ | 100PeV — — — KM3-230213A L _ +110
o W/0 syst. ¥ Eu = 1205, PeV
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Number of triggered PMTs Eu [PeV]

Number of triggered PMTs as a proxy of the energy
KM3-230213A triggered 3,672 PMTs (35%)
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Muon energy estimation results in 120**° __ PeV (10)




KM3-230213A direction

(az.,el.)=(259.8°,0.6°)

Event coming from west, slightly downgoing

Angular uncertainty ~1.5°, dominated by absolute pointing
EeV muons range <60 km ( <30 km for a 10 PeV detection )
Track 140 km from the surface ( 300 km w.e. )

Even with zenith +2° ( ~90% containment ) are ~60 km w.e.

— Nominal direction
+1.5° in altitude

Depth below sea level [m]

60 80 100
Distance to ARCA [km]
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KM3-230213A Earth origin
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Yearly rate of atmospheric muons
Yearly rate of cosmic neutrinos
log, (number of triggered PMTs)

$3 KM3-230213A $3 KM3-230213A

-1.00 -0.75 -0.50 -0.25 O 025 0.50 0.75 1.00 -1.00 -0.75 -0.50 -025 O 025 0.50 0.75

cos(zenith angle) cos(zenith angle)

Unlikely atmospheric origin:
P(v_._) beyond 40 (less than 10 ev/year for >100 PeV)
P(w,. ) beyond 60 (less than 107 ev/year for 10 PeV)
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KM3-230213A celestial origin

[ R(©9%)

O Gammaray 5BZCAT [ X-ray + radio + infrared
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Upper limits
el KM3-230213A

IceCube fits

== NST (2022

== HESE (2021)

=} Glashow (2021)
SPL 68% NST (2022)
SPL 68% HESE (2021)

Models
Cosmogenic band
Sources band
From arXiv:2502.01963
IceCube 9 years

IceCube 12.6 years

7 s 10 \31\1
10 10 10 T From arXiv:2502.01963
Neutrino energy (GeV)

(R.A.,dec.)=(94.3°,-7.8°)

Neutrino energy estimation: 220" _ 'PeV (10)

No clear counterpart identified

Corresponding E flux: 5.8"%! __x 10 GeV cm™ s sr* (90%)
Tension of 2.20, around once in 70 years in ARCA21
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KM3-230213A numbers summary

Angular estimation summary

Energy estimation summary

(RA, dec)

(94.3°,-7.8°)

(az,el)

(259.8°, 0.6°)

ang. error

50%

1o

90% 99%

1.2°

1.5°

2.2° 3°

From absolute poi

nting:

Moon shadow

0.24°

Absolute orientation

10

From track reconstruction:

50% 90%

100 PeV

0.12° 0.28°

500 PeV

0.17° 0.38°

|[«<—90% |10 E (PeV) 10—| 90%—|
Eu 35 60 120 230 380
Ev 72 110 220 790 2600
Background probability summary
10"° ev/year for 100 PeV
P(Ma'rm) <
107 ev/year for 10 PeV
P(v,,) | >40 | 1-5x10” ev/year for >100 PeV
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Conclusions

e Over 15% of the KM3NeT detector already operational.

e Completion expected within the decade.

e Performances are fastly catching up the state of the art.

e Excellent angular resolution and an unprecedented survey of the Southern sky.

e Exceptional event detected with unknown origin.

...exciting times ahead for neutrino astronomy!
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“ARCA WWRS DU splash in the Mediterranean sea at the sunrise”
winner of the KM2NeT 2024 picture contest
Andrea Simonelli

KM3NET

THE KM3NET DEEP-WATER TELESCOPE

RE!
Thanks for DT SERSE S Grime

How DO YOU KNOW YOU
AREN'T JUST SEEING

yo ur d ﬂ'e N '|'| on BIOLUMINESCENT FISH?

CHERENKOV RADIATION 15
ONLY EMITTED WHEN THINGS
EXCEED THE LOCAL SPEED
OF LIGHT, SO IT CANT BE
PRODUCED By UNDER-C LIFE.

+ VGG/\ Valencia
Experimental
Group of
Astroparticles

UNFORTUNATELY, KM3NET LED TO
THE DISCOVERY OF THE PAULI
ANGLERFISH, WHICH EMITS
CHERENKOV RADIATION TOPREY ON
NEUTRINO RESEARCHERS.
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