e

e

Sotto il mare e sotto il ghiaccio:

ORCA/ARCA/KM3/IceCube
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KM3NeT

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

KM3NeT/ORCA: Study of the physical properties of the neutrino — neutrino mass ordering

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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@KM3NeT technology in a nutshell il /@_

. . . v/ v/
Digital Optical Detection Unit /’l’s,\J Seafloor network %’\J
Module (DOM) (DU) 2,

2,
String: JJOQ)
1 (o2 1 Buoy
WNST l% 2 Dyneemaropes
p010% 18 DOMs

Electro-optical backbone:

Flexible hose 7mm
Oil-filled
18 fibres

. o S o A = o
; S - - e
/ ) / J

® 31 x3” PMTs in a 17” glass sphere
¢ LED beacon and acoustic piezoelectric

a 2 copper wires
e Tiltmeter/compass {090} (375VDC)
* Gbit/s fibre for data transmission | g |
e White Rabbit for time synchronization Base:

. . * Anchor with electro-optical
e Digital photon counting

connector * Electro-optical cables from deep sea
to the shore station
Junction boxes (JB) to distribute

—  Central Logic Board (CLB, power and optical fibres
white rabbit timing)

¢ Directional information
¢ Wide angle of view

o R R .
e

* Base Module: .
e Improved background rejection

e Compact and cost-effective design

. —  Power control board * Interlink cables for connection of DUs
po— - —  Optical amplifier to JBs and JBs to the main cable
Dy ) — Hydrophone
_
— LBLbeacon
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Energy optimization:
ORCA: 1-100 GeV
ARCA: E > 100 GeV

Giacomo Cuttone

DOM spacing |9 m 36 m

String height [200m |700 m
String spacing |20 m 90 m
Strings 115 230
Building 1 2

Blocks

Instrumented |7 Mton [500*2 Mton
mass

@ Ligne détection
W Nosud (N)

# Structure calibration (C8)

A Manitold (MF)

® Ugnenstrumentation (1U)

& Module dinterface (MI1)

@ Boite jonction secondaire (815)

=)
1% 20 2%
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ORCA 28 DUs deployed

4 new DUs deployed in May
DU integration rate: 20/year
50 DUs already funded
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33 DUs deployed

19 new DUs to be deployed in July
DU integration rate: 35/year

130 DUs already funded
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Completion of ORCA/ARCA DUs production: 2030

Giornate di Studio sul Piano Triennale INFN 2026-2028




Access Neutrino Mass Ordering, unitarity, Beyond Standard Model physics

How to do the measurement? muon neutrino disappearance + tau appearance + matter effects

0.0

Energy and zenith
dependent effects from
oscillations

-0.2

10
E [GeV]

inverted hierarchy (IH)

N rm
V3

atm

V2

V1 I V3

Ve vy Vr
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Current status before ORCA.

Normal Ordering 90% C.L.
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Clear oscillation signal

with 2 years of data
ORCA 11

—
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[ High purity tracks +
[ —— No-oscillations

— NuFIT v5.0 }

[ —— Best fit

+ Data
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KM3NeT/ORCA Preliminary, 715 kt-y

L/E [km/GeV]

0'?(]1

Best oscillation measurements with atmospheric
neutrinos with the full detector

KM3NeT/ORCA Preliminary, 715 kt-y
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Results from Neutrino 2024: next round at Neutrino 2026 with 2x more events
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Full detector results

- Neutrino Mass Ordering determined at ~3 sigma in 3 years from completion over the parameter space
- Final sensitivity will depend on the parameters chose by nature

o Af = -

— |- Normal Ordering

_é‘ E -+ Inverted Ordering

2 5F

) B

< N

8 4

O _r

= 3r

< 2_ Current global best fit
40 42 44 46 48 50

Eur. Phys. J. C 82, 26 (2022)
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- NMO from near/far detector rates
- Requires precise measurement of the neutrino energy

JUNO KamLAND
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—— No oscillations

—— Normal Ordering |

Only solar term

Inverted Ordering .
Reactor U, signal IBD event number (x103)

Chinese Physics C, 49, 033104, 2025
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- No experiment alone can provide NMO within 10 years at 5 sigma over the full parameter space

- Need to combine simultaneous constraints: determination of Ams: from ORCA and JUNO simultaneously
breaks the degeneracy between the two experiments when assuming the wrong ordering

- Large boost in the sensitivity

— JUNO —— ORCA  ——— Combination
baseline systematics =~ ——— optimistic systematics
True Normal Ordering True Inverted Ordering
'6‘10_||/1| '6‘10_'1"'|"'|"'|"'
> - e r
= on s 8
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Time [years] Time [years]
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IceCube #  KM3NeT

@ 71xs0506+056 a
. . NGC 1068 P-ONE Baikal-GVD
A km?3 telescope in the Mediterranean sea means: ® " »
-@- Galactic center/plane
- el - - \

!

i
o |8
o2
LA

h

o full sky coverage

¢ 1.5 sr common sky with IceCube

'.,i
B
o

¢ visibility of Galactic Plane + Galactic Center

: Baikal GVD
KM3NeT/ORCA ANTARES In construction
In construction Dismantled

~0.01 km? ~0.01 km?
TRIDENT
, R&D phase

~8 km?
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«d Water vs Ice <ER

Angular resolution (@100 TeV)

| Trads | Showers

ANTARES 0.3° 3°

KM3NeT 0.1° 1.5°

IceCube 0.3° 7°-8°
BAIKAL-GVD 0.25° 3°-3.5°

Energy resolution

Tracks
in Log(E)

ANTARES 35% 5%
Ice: less absorption -> more light KM3NeT 27% 5%
IceCube ~ 30% 10%
Water: less scattering -> more direct light
- BAIKAL-GVD

Better pointing accuracy in water
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Phys. Rev. D 110, 022001 (2024)

=== Single Power Law
=== Broken Power Law
W  Segmented (y=2)
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,Illlll

/

7
/7 /7

f,

1077

E2¢;ef—ﬂav0r x GeVcm 25 1gr!

¥ Cascade 6 year
NS Tracks 9.5 year
HESE 7.5 year

10781~ I
- [N
I T %t\
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107

Neutrino Energy [GeV]

Multiple, high-significance observation
of an all-sky flux of neutrinos
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+750 e = e e NN e

+25° 4 g

PKS1424+2400

Oo ...... ,’ ...... ,. ..... A Ls '. ...... ............ @ ........
24h | Oh
B 00
1 3 5 7
_LOGm(pLoc/\L) —1ogio(Procal)
1 3 5 7
|
First indications of point-like sources « NGO 1068
. . . 2 A
of neutrinos towards Active Galactic .
Nuclei (around 3-4 sigma) 2, ‘
g2 ]
—9 A
Science 378 (2022) no. 6619, 538 _3 1o ’ .
44 42 40 38
r.a. [deg]
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Y. Optical

e ¢ v Predicted m® Northern SkV Northern Sky

| / Southern sky Southern Sky
0 500 1000 1500 2000 2500 3000 125m
nanoseconds —_—
v Analysis Expectation
(A) (B)

" Typical Event Uncertainty

original GCN Notice Fri 22 Sep 17 20:55:13 UT
w  refined best-fit direction IC170922A
= IC170922A 50% - area: 0.15 square degrees

N

L L S Model-dependent observation of neutrinos from
the Galactic Plane (3-4 sigma)

9
= IC170922A 90% - area: 0.97 square degrees 8 _ Galactic Coord.
g o =
7 % 3 (l
s 6E 5§ § B
T 58° &S 58 £ .
B = =] - L - *
3 ; g 3 2 120 180
©sa = O e Q
' 3 5 ' g .
iy < = Pre-Trial Significance (n-0)
1
0

78.4° 78.0° 77.6° 77.2° 76.8° 76.4°
Right Ascension Right Ascension

Neutrinos from TXS-0506+056 with Gamma-
Ray counterpart
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Diffuse analysis

Results just unblinded, Preliminary results (Tracks only)

KM3NeT/ARCA6+8+19+21 preliminary, 640 days le=17
X bestfit 1.4
68 % contour
— 90 % contour
3.5 4 — 90 % contour 1.2
3.0 10
Lt
0.8'C
>~ 25 2
-
063
6
2.0 1 a
- 0.4
1.5 4
ARCAG6-21 0.2
1.0 T T T T —L 0.0
0 2 4 6 8 10

¢o [GeV~t.cm=2.s"1.sr~1] x 10~18

Best estimated points for the cosmic parameters are a
normalisation of ¢y =3.03 and a spectral index of y = 3.0

Search for point-like sources

Results just unblinded, Very preliminary results

& ——— Median Sensitivity (90% CL) 8
o g | izmenee Discovery potential (5c) &
g 107" e  Upper limits (90% CL) o~
- E =g o i
= F § g el S e
o g B 88¥ 8
e [ F § &
© [ - .. « I
X S ieisbesssunanadionasasanje @ o paninzssestpotoiuatag ~
o~ 1078 st st g B 8. .00 LI T
b e e e e

10—9 v b by b by b b by by
-1 -08 06 04 02 0 02 04 06 08
sind

ARCA 19-21 + ANTARES 15 years

® ANTARES sensitivities improved of about 20% adding

ARCA 19-21
e Several sources start to have an interesting p-value
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KM3NeT
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‘Theinternational journal of science/13 Fe

nat

OSMIC
ATCHER

Deep-seatelescope detects
neutrino with highest
energy everrecorded

Nature 638: 376-382 (2025)
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Muon energy

. 11,000PeV
— — — KM3-230213A

4,000
Number of triggered PMTs

6,000

Highest energy neutrino ever observed

(220 PeV, 68% c.l. 110 — 790 PeV)

Completely unexplored region: new source
population? cosmogenic? Beyond Standard Model?

10
107 \®
> @0 e*
Yoo s |€\'\€“““'
- 4 Y
. ANTARES 2021, ™ o
o 10 ) * Lanssnant®t o
‘}‘E e e ] 1 PRSPPI
o
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[CA .
5 10° N
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10—10 4
10-M : : . : S :
10* 10° 10° 107 10° 10° 10"

Neutrino energy (GeV)
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10"

----- Upper limits
wff KM3-230213A

IceCube fits

== NST (2022)

=f=— HESE (2021)

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

Models
Cosmogenic band
Sources band




Fraction of Monte Carlo events

Observation of 1 event in KM3NeT suggests a 2.20
upward fluctuation with a tension of ~2.5¢ with the null

0.15

0.10

0.05

10 PeV
[ 100 PeVv

2,000

Muon energy

. 11,000PeV
— — — KM3-230213A

Number of triggered PMTs

observation from other experiments combined
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6,000

E20l, ; [GeVcm=2 sl sr71]

Highest energy neutrino ever observed
(220 PeV, 68% c.l. 110 — 790 PeV)

Completely unexplored region: new source
population? cosmogenic? Beyond Standard Model?

10°°
------- Upper limits
1o KM3NeT
2 —_— e OS] b KM3-230213A 672 it
~J el et = Joint E~2 fi
iT‘"‘?h‘.:l;— ANTARES (2028) o e Joint E7* fit
105 ] i . N Joint BPL fit (this work)
IceCube fits
—— NST (2022)
1079 4 —— HESE (2021)
—}— Glashow (2021)
SPL 68% NST (2022)
10710 4 SPL 68% HESE (2021)
10-1 " T T T T y
10% 10° 108 107 108 10° 1010 101

Neutrino energy [GeV]

Phys. Rev. X - Accepted 22 May, 2025
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KM3NeT

KM3NeT shared with the world the
discovery, coinciding with the

publication of the result on Nature.

KM3NeT Neutrino - vou
Collaboration
we®

Thanks to everyone who followed the #KM3NeT_UHE #RecordNeutrino
result announcement on the 12th of February 2025! It was a big success
with thousands of views from all over the world: locally & online

Webinar recording & https://Inkd.in/eaeW4kD4
More info [ https://Inkd.in/dT2Bpj5x

|
INFN - Rome

I

© S—

Giacomo Cuttone

~® KM3NeT

- FROM THE DEE
T0 THE DEEP &

New results from the KM3NeT neutrino telescope

KM3NeT Neutrino - vou
Collaboration
we®

Many colleagues and enthusiasts tuned in the 12th to hear about the
extraordinary #KM3NeT_UHE neutrino observation @

Thanks to all of you contributing to the local events
Paper https://Inkd.in/evf4D28P

#RecordNeutrino #KM3230213A

Records kept by Outreach Committee:
306 articles/media appearances in 35 countries

Slovakia
0%

1.0% ——
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KM3NeT

Deep-seatelescope detects
neutrinowith highest
energy ever recorded

Article

Observation of an ultra-high-energy cosmic
neutrino with KM3NeT

Received: 19 August 2024

Accepted: 18 December 2024 Tl (TeV) offers
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Companion papers submitted/published:

* The ultra-high-energy event KM3-230213A within
the global neutrino landscape, arXiv:2502.08173

* On the Potential Galactic Origin of the Ultra-High-
Energy Event KM3-230213A, arXiv:2502.08387

* Characterising Candidate Blazar Counterparts of
the Ultra-High-Energy Event KM3-230213A,
arXiv:2502.08484

* On the potential cosmogenic origin of the ultra-
high-energy event, arXiv:2502.08508

* KM3NeT Constraint on Lorentz-Violating
Superluminal Neutrino Velocity,
arXiv:2502.12070

New companion papers under preparations:

* Diffuse flux from transients (GRB, blazars)

* BSM options (e.g. heavy DM)



https://arxiv.org/abs/2502.08173
https://arxiv.org/abs/2502.08387
http://arxiv.org/abs/2502.08484
https://arxiv.org/abs/2502.08508
https://arxiv.org/abs/2502.12070

KM3NeT

https://arxiv.org/search/?query=KM3-230213A

Up to May 30, 2025
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(The KM3NeT Collaboration)
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[KM3-230213A:
An Ultra-High Energy Neutrino from a Year-Long Astrophysical Transient
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W'M3NeT as an AISBL

On June 18, 2025, the KM3NeT Collaboration
was officially established in Brussels as an

Association Internationale Sans But Lucratif

Non-profit international association founded by
INFN (Italy), Nikhef (Netherlands), IN2P3/CNRS
(France), Universitat de Valéncia (Spain), and

INPP/NCSR (Greece).
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d Summary | | @E&.

e KM3NeT is a cutting-edge neutrino observatory in the Mediterranean Sea, composed of ORCA and ARCA
detectors, optimized respectively for neutrino oscillation studies and neutrino astronomy.

® ORCA is providing world-leading results on atmospheric neutrino oscillations, with sensitivity to the neutrino
mass ordering.

® ARCA has entered the high-energy frontier with the detection of the highest-energy neutrino ever observed
(KM3-230213A), opening a new window on the Universe.

® The synergy with IceCube, JUNO and other observatories enhances discovery potential and parameter
sensitivity.

e With the official foundation of KM3NeT as an AISBL (June 2025), the project is entering a new phase of
scientific and institutional maturity (ESFRI Landscape).
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