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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

More than 65 institutes Passero (Sicily-Italy) at a depth of ~3500 m

in 22 countries in 5 continents 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
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3NeT vs. the other neutrino astronomy ini |
|n the Medlterranean
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Electro-Optical cable Eleciooptical |

aibile

Assembly of one ANTARES ‘storey’

i, i Py
e Nesir

A NEMO ‘tower’ A NESTOR ‘tower’

i : A KM3NeT ‘detection unit’ (DU)
Marco Circella, for the KM3NeT Collaboration | NNN2025 — Sudbury



https://indico.snolab.ca/event/21/contributions/602/
https://indico.snolab.ca/event/21/contributions/602/
https://indico.snolab.ca/event/21/contributions/602/
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tainers and interfaces
sport and deploy

- =
=

ion unit structure, easy to

f.;;" S The multi-PMT Digital Optical Module (DOM)
S of KM3NeT — bottom view

KM3NeT blooming on ANTARES...

= The pre-production DOM of KM3NeT, installed on the |
instrumentation line of ANTARES in 2013

Deployment of a KM3NeT Detection Unit (DU)

Marco Circella, for the KM3NeT Collaboration | NNN2025 — Sudbury



0 h 31 PMTs (3" photc ode): Hamamatsu

D191 )14, ) / /1 : E-—

o Each DOM includes the opto-electronics for data collection and
transmission + all needed calibration devices
o Each DOM works as an autonomous detection node

Advantages compared to single-PMT modules:

 Maximal sensor area (equivalent to 3 PMTs of 10” photocathode)

» Improved photon counting

» Directional sensitivity

« Possibility of local triggers, cross-calibration and background suppression
« Large angular acceptance

» Cost-effectiveness!

It allows to simplify the detection unit structure

(Ref.: Eur. Phys. J. C (2014) 74: 3056 & JINST (2022) 17 P0703)
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http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-014-3056-3
http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-014-3056-3
http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-014-3056-3
https://doi.org/10.1088/1748-0221/17/07/P07038
https://doi.org/10.1088/1748-0221/17/07/P07038
https://doi.org/10.1088/1748-0221/17/07/P07038
https://doi.org/10.1088/1748-0221/17/07/P07038
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In @ summary: , RN

 Maximal sensor a T
* Photon counting
» Directional sensitivity

Remotely operated Detection Units Interlink cable
Submarine [ [

18 DOI\/‘Isi are installed

{!,
in a DU (Detection Unit)
The DU is packed on a @
_ y A spherical launcher vehicle
P . ,__-.\_:_ for installation, from which ¢
i i BRI it will unfurl after
Several DUs can be installed in the same sea operation deployment on sea bottom ¢

(Ref.: JINST (2020) 15, P11027)
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https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11027
https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11027
https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11027
https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11027
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ORCA block
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https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11027
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Equipped for detection of all neutrino flavours!

CC v+ all flavours NC CCv, Atmospheric muon

whd
e
.

PP P D

PP TP DD

k2
e o
R R

=

v. = T + shower
e

Tracks: @Ev>100 TeV Angular resolution below 0.1° - Energy resolution ~factor 2

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

UTC time
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Positioning: acoustic triangulation using autonomous emitters

B0 Top DOM dynamic poekion
R b9
5004 ARCAZ] ~.:w u A
400+ ‘hr?::ff‘f
S I each DOM
200= 81 0 gy '1"” a F d d
. " records soun
0 13 ’// -.." ;. 20 m
~200- . L R‘n !
emitter positions \
— 400+ L] ‘
o x reconstructed top DOM
e C. Gatius movement versus time
~BDO ~B0OD 400 -200 O 200 400 GO0 BOO s R

% [l Eavieg mi)

Comparison static/dynamical positioning
KM3NeT/ARCA30, preliminary

Low sea current velocity High sea current velocity
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Difference between true and reconstructed direction [ )

I Cross-check: stopping cosmic muons, cosmic ray shadow sun/moon)
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1 ANTARES/KM3NeT preliminary
| Point-source analysis level
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PRELIMINARY

Median, 68% quantiles v, + v,
—— KM3NeT/ORCA18
—— ANTARES
—— KM3NeT/ARCA21

10° 10! 102
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Core- CoIIapse Supernova neutrmos —

A ORCA background Il 40 Mg at 10 kpc
¥ ARCA background 27 Mg at 10 kpc
—— Total background 11 M, at 10 kpc

Muons
Radioactivity
Data

KM3NeT PRELIMINARY
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Full detectors
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Sensitivity (o)

Event rate (Hz)
Number of CCSN events
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‘Magellani

Number of events (in 500 ms)
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Galactic Center
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Betelgeuse

A

60 80
Distance (kpc)

o
g
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2 14 1 i ' : ' 8 9 10 11
Multiplicity Multiplicity

KM3NeT/ARCA!
20 Mg @5kpc |

On-line alert system for CCSN Integrated in SNEWS2.0

Counts per 2ms
£
]

-500 -250 O 250 500 750 1000
Time [ms]
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RCA Preliminary, 715 kt-y

Simulations LP Tracks rents Simulations Showers Events

60

50

4 20 30 ) 102103 2 4 10 20 30 50 102 10° 2 4 10
onstructed Energy |GeV Reconstructed Er r 1 GeV Reconstructed Ene

Data HP Tracks rents A Data LP Tracks

Energy range of interest 5-15 GeV

P(v, = v) for 8=130¢

N

’

S o= IH
\

10 20
nstructed En

E. 1GeV] 3 classes of events

(see Jurgen Brunner’s talk for more details)
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https://indico.snolab.ca/event/21/contributions/505/
https://indico.snolab.ca/event/21/contributions/505/
https://indico.snolab.ca/event/21/contributions/505/

» Fully consistent with world data
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rno oscnlatlon and BSM mvestlg

KM3NeT/ORCASG, 433 kton-years

Thanks to Iarge data sample vr““— stigate:

 Oscillation parameters (Am?;; - sin 923) neutrino mass
ordering

0

Ratio to 5,

» Tau appearance and unitarity of the neutrino mixing matrix
(Ref. J. High Energ. Phys. 2025, 213 /2025))
 Sterile neutrinos

 Non-standard neutrino interactions
(Ref. JCAP 02 (2025) 073)

* Quantum decoherence and invisible decay
(Ref. JCAP 03 (2025) 039 & JCAP 02 (2025) 073) o :

 Lorentz invariance violation (Ref. arXiv: 2502.12070) — zlo

lceCube

KM3NeT

Super-Kamiokande

OPERA

Marco Circella, for the KM3NeT Collaboration | NNN2025 — Sudbury


https://link.springer.com/article/10.1007/JHEP07(2025)213
https://link.springer.com/article/10.1007/JHEP07(2025)213
https://link.springer.com/article/10.1007/JHEP07(2025)213
https://link.springer.com/article/10.1007/JHEP07(2025)213
https://link.springer.com/article/10.1007/JHEP07(2025)213
https://iopscience.iop.org/article/10.1088/1475-7516/2025/02/073
https://iopscience.iop.org/article/10.1088/1475-7516/2025/03/039
https://iopscience.iop.org/article/10.1088/1475-7516/2025/02/073
https://arxiv.org/abs/2502.12070
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Measurements of atmospherlc pa i I

 Measure the muon spectrum, studyir g a |sotro ies and seasonal variations, nd searching for

prompt component

* Measure the atmospheric neutrino spectrum (Ref. Eur. Phys. J. C 85, 871 (2025))

* Improve calibration

 Infer the water properties through detection of stopping muons
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KM3NeT/ORCA6 preliminary

90% CL:

— Measurement
Sensitivity assuming
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Best-fit point
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Absorption length scale [%]


https://doi.org/10.1140/epjc/s10052-025-14513-2
https://doi.org/10.1140/epjc/s10052-025-14513-2
https://doi.org/10.1140/epjc/s10052-025-14513-2
https://doi.org/10.1140/epjc/s10052-025-14513-2
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Upper Limits:
- e H.E.S.S. 2014-2020 (Einasto)
KM3NeT/ORCA6 543 days KM3NeT/ORCA6, 543 days Fermi-LAT (DSph., NFW)
= T ¥ ] T

PICO60 (2019) SK [3903 days] : : _ MAGIC (DSph., NFW)

—— ANTARES [1321 days] = (QRCAG [543 days] VERITAS (Dsph NFW)
IceCube [6.75 yr] : !
WIMP + WIMP - TT HAWC (Galactic Halo, Burkert)

IceCube 5 years (NFW)
ANTARES (4532 days, NFW)
Sensitivities (90% CL):
ARCA-19/21 (336 days, NFW)
— LZ(2022) ARCA-230 (1 yr, NFW)
.‘ZZZ*ZEES[ ;1551 days] ARCA-230 (5 yrs, NFW)

SK [3903 days] ORCA-6/10/11 (755 days, NFW)
y= ORCAG6 [543 days]

WIMP WIMP-t1*T1~
K".ngl'}NeT Preliminary

) ~3 - 01 02 03
10 10 10 10 10 QRCA-6/10/11 (755 days)

Myimp [GEV/CZ] Mwimp [GEV/C2] . ‘__’—i-—:';'-'\""

<ov> [cm3s71]
2

No evidence found yet,
but... already competitive with ANTARES and IceCube
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=
o

ARCA-230 (1 y)

»
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ARCA-230 (5y)

163
mpm [GeVic?]
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Search for a cosmic diffuse neutrlno;

10-5 KM3NeT/ARCAG+8+19+21 preliminary, 640 days

— ARCA 6+8+19+21

—w ANTARES 1f best-fit flux (2018)

= ceCube 1f best-fit flux (2022)
yE[2.1,2.7]

=
o
4

galactic latitude ()

EZ dN/dE [GeV cm™2 571 sr1]

KM3NeT/ARCA6+8+19+21 Preliminary, 640 days

galactic longitude () m— KM3NeT / ARCA6+B+19+21 combined U.L. - ICRC 2023 results [432 days]
— KM3NeT / ARCA6+8+19+21 combined U.L. - [this work - 640 days]

105 108
Energy [GeV]

=
o
1

w

KM3NeT/ARCA21 preliminary, 287 days

10*
e data

— atmospheric p

e atmospheric v + ¥ (Honda+Enberg)

= total background

— cosmic v+ 7T (mﬂ:s.oa‘ 7=3.0)

il

10°

102

Events per bin

10

E2 dn/dE [GeV cm™2 571 5r71]
=
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IceCube / KRAﬁ best-fit flux [2023]

] — iceCube / n® model best-fit flux [2023]
ANTARES / Galactic Ridge best-fit flux [2022]
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Energy [GeV]
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335 - No signal found yet, but rapidly approaching the ANTARES sensitivity

Logm(E / GeV)

\V]
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Slgn[fls:ance map for all-sky search = ANTARES+ KM3NeT/ARCA Prelrmrnary
T —— =B - (ANTARES 4541 days,KM3NeT/ARCA6-21 640days)

Median Sensitivity (90% CL)
--- Discovery potential (5a)
. Upper limits (90% CL)
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* Best source: MG3 J225517+2409 (as in
ANTARES): Fermi 3LAC Blazar

* Pre-trial p-value: 4.0 10-5(0.03 with ARCA)
(Gain compared to ANTARES only)
» Post trial calculation under evaluation

e Accumulating more and more data

« Angular resolution improves as detector grows
Combined search of ANTARES+KM3NeT improves the ANTARES sensitivity by 20%
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ARCA - Sensitivity for point-like searches &

KM3NeT/ARCA

declination
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https://arxiv.org/abs/2402.08363
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_ KM3NeT perspectives

KM3NeT Preliminary

- 8 ORCA - Neutrino mass ordering

Total now: 0.88 - 1.68 sigma | Last updated: 2025-09-15
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ANTARES
decommissioning
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ARCA 51 DUs
ORCA 28 DUs

2030

ARCA & ORCA
completion



Time [ns]

o

The almost horizontal direction, crossing the Malta escarpment,
combined with the enormous signal released allowed to identify
the highest-energy neutrino ever detected (220 PeV)

KM3NeT/ARCA21 Preliminary

* More than 28,000 photons

detected by 3,742 PMTs
KM3-230213A

]
w
o
o

T r‘|"" |‘|"1 T T T

» Evidence for three
localized energy releases

Ty

# of triggered PMTs
= (%]
L (=)
o [=]
(=] (=]
Number of data events

T

(Ref. Nature 638 376'382 2025)) So%istance;ggg"acktg‘?n
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https://doi.org/10.1038/s41586-024-08543-1
https://doi.org/10.1038/s41586-024-08543-1
https://doi.org/10.1038/s41586-024-08543-1
https://doi.org/10.1038/s41586-024-08543-1
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Not mﬁeor;n

No obvious sou ce found elth

Cosmogenic hypothesis scrutinized _ ApJL 984, L41 (2025)

Working on improving the direction accuracy

Upper limits
mafles KM3-230213A

lceCube fits
| =—f=— NST (2022)
== HESE (2021)
== Glashow (2021)
SPL 68% NST (2022)
SPL 68% HESE (2021

E' . (GeVem™ s s

Models

Cosmogenic band

Sources band

Neutrino energy (Ge
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- Que st for origin of KM3-230213A is continuing

Phys. Rev. X 15, 031016 (2025)

e — — ==

https //arX|v org/abs/2502 08387
https://arxiv.org/abs/2502.08484



https://doi.org/10.1103/yypk-zmb8
https://doi.org/10.1103/yypk-zmb8
https://doi.org/10.1103/yypk-zmb8
https://doi.org/10.1103/yypk-zmb8
https://iopscience.iop.org/article/10.3847/2041-8213/adcc29
https://iopscience.iop.org/article/10.3847/2041-8213/adcc29
https://iopscience.iop.org/article/10.3847/2041-8213/adcc29
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Multi-messenger framework de\}led in KM3NeT

KM3NeT actively monitors and analyses a variety of
external triggers in real-time, including alerts due to
IceCube neutrinos, Fermi/Swift GRB, HAWC gamma-ray
transients, LIGO-Virgo-KAGRA gravitational waves,
SNEWS neutrino alerts, and others

* Receiving alert system operative

» Several thousands of alerts received and analyzed in real time

» Sending alert system being set up

Marco Circella, for the KM3NeT Collaboration | NNN2025 — Sudbury

cosmic rays - )

see deeper into sources Source region, e. g. Understand the
~ surrounding dust clouds, d ti
Source, e.g. Galaxies... pro U.C ion
Supernova, mechanism of
Interstellar -ravs
Active Galactit Nucleus AGN dust clouds ey
Gamma Ray Burst GRB Satellite
ex_perlmenls

"’% Cherenkov
: detector

. [ « Intergalactic Air shower e
learn what is £ magnetic fields X

the origin of

TN _ " Earth
e /
N Underground

‘. : \ detector
\ / Air shower array——=4  \ |
| "R\ /
4 o2
// Protons / charged particles N s

Air shower
Atmosphere

Real Time Analysis platform active since Nov. 2022 in ARCA & ORCA

no significant excess found in any
such alert so far

High-energy neutrino alerts will be sent in real-time by end of 2025
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KM3NeT has been taking high-qualit

y 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!

Highest-ever-energy event, KM3-230213A, observed in rich details

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

for funds submitted

Aiming at completing both ARCA and ORCA during this decade

Marco Circella, for the KM3NeT Collaboration | NNN2025 — Sudbury
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KM3NeT Infrastructure

©) 3 Installation sites

) 2 PMT preparation sites
8 DOM integration sites

Amsterdam @@ @ 9 base module integration sites
5 DU integration sites (DOM to VEOC)
Erfangen @ @ @ 3 DU test and preparation
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Nantes @ ' P, ) @ 4 electronic test & calibration
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