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«d The KM3NeT project

S

KM3NeT is a research infrastructure in the Mediterranean Sea hosting two neutrino detectors:

KM3NeT/ORCA:Study of atmospheric neutrino oscillations

KM3NeT/ARCA:Discovery and observation of cosmic neutrino sources

Two different detectors but based on the same technology and operated by the same collaboration
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ORCA:
OscillationResearch
with Cosmicsin the Abyss

ARCA:
AstroparticleResearch
with Cosmicsin the Abyss




Detection of Cherenkov light emitted by neutrino induced charged particles

Neutrino event reconstruction and type discrimination based on event topologies
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@ KM3NeT technology in a nutshell
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«¥ Deploymentof DetectionUnits

JINSTLS (2020)P11027
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«d Detector layouts
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«d Grand Unified Neutrino Spectrum at Earth <R

E. Vitagliano, |I. Tamborra and G. Rafdl. Mod. Phy€2, 045006 (2020)
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ORCA 42DUs deployed ~ ARCA 51 DUs deployed

4 new DUs deployed in July 12 new DUs to be deployed in Septembe
DU integration rate: 20/year DU integration rate: 35/year
90% of the detector already funded 80% of the detector already funded
e m— AP
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EMIMeT

All digital PMT data are sent to shore and Hiager Rates for DetiD 261 ORCA
processed in real time on a computing cluster Mon Jul 13 09:15:13 2026 UTC
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Posttrigger processing: Mon i 13 05:15:20 2026 UTC ARCA
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physics analyses
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https://www.sciencedirect.com/science/article/pii/S016890022500899X

EMIMeT

KM3NeT Online Platformreattime event reconstruction + multhessenger dispatcher + analysis module
w winle processing of data with online calibratianack & cascadeseconstruction +classification
w ¢CNAIISNBR Sg@SYy itimne ihldsSthanTNBDOSBARERaNA QRCAS | €

wMain analysis functionalitiesfollow-up of external triggers (active), Supernovae afpeline (active), sending alerts (work in progress)

ORCA 1 == Neutrino (total: 110) ~1 every 2 weeks
Supernova shore 10% 4 — GRB (total: 1447) ~1 per day
St Event Events DB sql query 1 — GW (total: 338) ~1 every 2 days
o writer = TRANSIENT (total: 383) ~1 per week
- FRB (total: 1521) ~1 every 5 days
OR A .
Dispatcher Neutrino alerts —_— MICRO'QUASAR.(tc.)taI'. 410) ' ~1 per week
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Y 2
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A 2
© 102 4
=
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Supernova. shore 5
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i nternal/External reporting
Dispatcher I I/ I
(webpage, emails, brokers...)
External =
Reco Tracks+Showers, Classifier alerts w——-m-m m
A S o S A A A
v v v Vv Vv Vv Vv v Vv Vv Vv
Date

Eur. Phys. J. & (2022) 317

PoS(ICRC2025)1115
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https://link.springer.com/article/10.1140/epjc/s10052-022-10137-y
https://link.springer.com/article/10.1140/epjc/s10052-022-10137-y
https://pos.sissa.it/501/1115

@ Detector calibration

Detection Units bend under sea currents, Sea currents drive DU movements
POSITION CALIBRATION

making the detector geometry time dependent. o 360
% 315 —
‘ Acoustic positioning system 2 - 270 g
Acoustic triangulation using seabed and 10— o o g 225 &
DU-base emitters, with hydrophones 100 g 160 'g
a® a® " Y 2 135 =
on each DOM 50 ‘ 3 fag s . A 4l oy ©
= * P ® S i
[ s £ o* ¢® o’ o® o l » 45 B
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.-‘-' o® o® o® o® E | T - 14 0
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. . -100 ® Detection Unit ‘ — 12.00 { ]
(é\ Contlnlfc?us reconstcructlt?n of the ®  Seabed emitter 3 , Sea current data e Detection units | 40 T
3D position and orientation of each DOM ~150 ™ DU-base emitter | E 10.00 [ ®
-150 -100 -50 O 50 100 150 s 8.00 } 30 E
X [m] g 8
Geometry known with ~10 cm precision 2 600 [ - ::zg
-
Reconstructed DOM movements versus time é 4.00 r[ S
i ” g ; : [ } 01/01/25 3 Faoy S
Anchor : 2.00 - :8
Each DOM 0 3 & 0.00 ' 6
31/12/24 :
records sound vt Bone ’ 19/11/24 30/11/24 12/12/24 24/12/24 04/01/25
signals and its E
besttians i e 30/12/24 Strong correlation between sea current
reconstructed =3 g e acurre
in ti and DU orientation/amplitude
intime gl 0 N - WM 29/12/24 P
| -3 1 3
POSITION TIME PMT RESPONSE OUTPUT
(Geometry) (Timing)
« A ti t: ¢ 4 inci * Gai Detector calibration
DETECTOR coustic sys' ?m ) : K comader.\cc-es aln. et
(seabed & DU-base emitters) (intra-DOM timing) « Efficiency constants
CALIBRATION . C.ompass . !?lanobeaconf) . « Angular acceptance (geometry + timing +
« Tiltmeter (inter-DOM timing) PMT parameters) EVENT
Output: detector geometry Output: time offsets Output: PMT parameters RECONSTRUCTION

The calibrated detector geometry, timing and charge response provide the detector conditions used for event reconstruction.
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REAL DATA RUN-BY-RUN DETECTOR SIMULATIONS

For each data run, dedicated atmospheric

EVENT GENERATION
N N it CEC D_ATA ACQUISITION muon and neutrino simulations are produced
#ieytno e\{en Sl g. el Signals from the detector are using the corresponding detector and
» Atmospheric muons with digitized and time-stamped by -
MUPAGE/CORSIKA the acquisition system '
WHY DO WE SIMULATE?
LIGHT GENERATION DETECTOR CALIBRATION Data - MC agreement is important for:

Propagation of Cherenkov
light in seawater

Good understanding
of the detectors

» Position calibration
(acoustic, compass, tilt)

« Time calibration (K, nanobeacons)

DETECTOR RESPONSE * Charge calibration (ToT, gain, HV)
SIMULATION

Interaction of light with the
sensors and response of the
front-end electronics

Optimization of selection criteria
for background rejection

Output: detector calibration
constants

Neural network training
for PID

Application of statistical tests
to evaluate the significance

of a signal
EVENT RECONSTRUCTION AND ANALYSIS | e e e = = S
The same reconstruction algorithms and tools are applied to Monte Carlo Estimate of the detector response
simulations and real data to reconstruct particle tracks and energies and for the flux measurements

perform physics analyses.
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Total: 383 Mton-years | Lastupdated: 2026-07-09 15:03:22 UTC

KM3NeT Preliminary

Total: 4.10 Mton-years | Last updated: 2026-07-09 15:03:16 UTC

KM3NeT Preliminary
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A Atmospheric flux of\, and A, well known

A Wide range of neutrino energies

A Wide range of zenith angles> baselines (5 12,800 km)

A Distortion of the oscillation pattern due to matter effects in the Earth

Primarygoal:
neutrino mass hierarchy

But also, unitarity, Beyond
Standard Model physics
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@ ORCA data analysis and perspectives
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https://indico.global/event/15740/contributions/155627/attachments/72870/141226/Talk_Neutrino2026_KM3NeT_PauldeJong.pdf

«d Astronomy program in KM3NeT <R

The KM3NeT astronomy program spans a broad range of analyses, including searches-fikepamat extended sources, diffuse
neutrino fluxes, source populations, and tirdependent or multimessenger signals

Although ARCA is optimized for highergy neutrino astronomy, ORCA complements the program by extending the sensitivity
towards lower energies
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EMIMeT

KM3NeT/ARCA Preliminary

= 1 A The current ARCA detector already demonstrates the rapid increase in
IE ol T e ey e — sensitivity as the detector grows.

= EE==E . . . .

& L T RS SR e A After 7¢10 years of operation, the full ARCA detector is expected to

R R e T o o .

S -~ T s ns e achieve a poinsource sensitivity about two orders of magnitude better
= ——— - — E beeCubie (10 yr)

g — than the current ARCAL21 performance.

%, 107 Observed limits A ARCA and ORCA provide complementary sensitivity, with ORCA being
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=5 particularly competitive for very soft neutrino spectra.
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Review of KM3NeT Astrophysical Results T Neutrino 2026
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https://link.springer.com/article/10.1140/epjc/s10052-024-13137-2
https://link.springer.com/article/10.1140/epjc/s10052-024-13137-2
https://link.springer.com/article/10.1140/epjc/s10052-024-13137-2
https://link.springer.com/article/10.1140/epjc/s10052-024-13137-2
https://indico.global/event/15740/contributions/155628/
https://indico.global/event/15740/contributions/155628/
https://indico.global/event/15740/contributions/155628/

«d The KM3230213A event

Feb 13, 2023, 01:16:47 UTC
© ARCA21

28,086 PMT hits, recorded in all the
21 DUs

3672 PMT£35%) participated at the
triggering of the event

Brightest among events collected
in the 2Xstring configuration

Horizontal tracktype event with
unprecedent high energy
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Time residuals

Lee 5
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@ The event is well reconstructed as a mucmk

Line 24
— 18
é 16§—0<d<150m
‘e . . . . . . . . . . §14§—150<d<300m
A Position of light emission along track consistent with hit time assuming direct light 8 1ol 300<d<450m
B | e
A Light profile consistent with at least 3 large energy depositions along the muon track i3 Lo T
aF- AT
.. . . 2 % -
A Characteristic of stochastic losses from ultra high energy muons S5 TR e
Line 16
A Spacetime distribution of light consistent witphotons from Cherenkov emission 5. F i
g e e ol -
2 12F S A .
& 105 *
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The direction of the KM3-230213A event is reconstructed as
near-horizontal

Altitude: 0.6°
Azimuth: 259.8°

Theuncertaintyis estimatedto be 1.5° (68% c.l.), dominatedby
the systematicuncertaintyon the absoluteazimuthalorientation
of the detector at the time of the analysis

Detector positioning system upgraded during the 2025 sea
campaign, providing improved knowledge of the detector
elementpositionson the seafloor

After data recalibration, expected uncertainty close to the
intrinsic statisticaluncertaintyon the muondirectionof D 0.1°
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Nature 638 (2025) 376
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https://www.nature.com/articles/s41586-024-08543-1

@ Event energy

The energy of muon with E > TeV can be estimated by measuring its energy loss

A saturation effect was visible in the PMTs within 100 m from the track (over 25% of the PMTYs)
The muon energy is estimated by counting the number of PMTs participating at the triggering of the event

This quantity is robust against limitations of detector simulations and contamination from the optical background
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Simulations of muons of various energies (from Peldy traversing the detector in the same direction ad location as 8G3213A

Simulations varying light absorption and scattering, and DOM efficiency

Building of frequentist confidence intervals on the true muon energy=> [ e

Muonenergy T T 'lllll T T T IIIIII

10PeV [ 1000 PeV i ' - 3672
I
100PeV === KM3-230213A l i
[ E, = 120%1° PeV
; 4000(-
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a ' : % 230001
U018 - z
E i 68% CL
g 0.05 - 2000_ Bl stat.only ]
9 B Stat. + syst. |
g _
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Nature 638 (2025) 376
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https://www.nature.com/articles/s41586-024-08543-1

«d Event energy <R

What about the neutrino energy?
We did not observe the interaction vertex: we do not know the muon energy at production or the energy transferred to the hadronic shower

28 R2y QiU 1yY26 06 KSNS e dofotEKnowhde2nyich éhdvgh tRe/nyoh |astHRM entdring the detector

We need to assume an incoming neutrino energy spectrum:

0KS KIFINRSNJI GKS &LISOUONMYzY h 0KS Y2NB ftA1Ste (2 KIFIZS KAIKSNI S

10-124 —— Diffuse LOI flux E~2
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«d Event energy A -

100 PeV neutrinos are mainly expected horizontal
The Earthbecomes increasingly opaque for neutrinos ab®@1PeV
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A muon with the observed direction would have traversed 300 km water equivalent of
material, which exceeds the maxim range of atmospheric muons®elat the detector)
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Distance Upper limit on muon contamination, assuming angular error of 2
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Expected rate of an atmospheric neutrino (prompt component) is abobieg6nts/year
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«d Detector response <R

The effective area is the equivalent area of an ideal detector that would detect all incident neutrinos
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d The neutrino flux @ﬂ.

Nature 638 (2025) 376
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A KM3230213A location is far from both the galactic centre and the galactic plane (I = 206&111.1°)

A Too low fluxes of the Galactic diffuse emission at these energies

A Lack of a nearby potential Galactic particle accelerator in the direction of the event

A Difficulty to accelerate particles to such high energies in Galactic systems

KM3-230213A is most likely of extragalactic origin
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EMIMeT

AGammarayflare for the source0605085
AMajor radioflare from PMNJ060680724
AXray activity for MRQ0614083

No conclusivestatement giventhe large R(99%)
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(a) The Fermi-LAT light curve and a VLBI image of 0605-085: the brightest radio source in the

The hypoth eS I S th at the event o rlg InateS fro m a blazar IS Stl” VI ab Iéutrino localization region that experiences a gamma-ray flaring activity around the neutrino arrival

(Section 5.1).
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d The first cosmogenic neutrino? _ CIN N

Cosmogenic neutrinos are produced by interaction of cosmic rays with-gateatic
photon backgroundge.g. the Cosmic Microwave Background)

Large uncertainties in the predicted fluxes due to our limited knowledge of UHECR
sources, composition, and propagation.

Important astrophysicaparametersdeterminingthe shapeand
normalizationof the cosmogeniameutrino flux:

UHECRourceemissivity
Maximumacceleratiorenergy
Injectionenergyspectrum
Cosmologicatvolutionof UHECRources
UHECRompositionat injection
Spatialdistribution of UHECRources
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