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KM3NeT

KM3NeT is a research infrastructure in the Mediterranean Sea hos5ng two 
neutrino detectors

KM3NeT/ORCA:   Study of the physical proper5es of the neutrino – neutrino mass ordering 
KM3NeT/ARCA:   Discovery and observa5on of cosmic neutrino sources

Two different detectors but based on the same technology and operated by the same 
collabora5on

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

ORCA (Oscillation Research with Cosmic in the Abyss) 
●Depth ∼2500 m  
●One block of 115 Detection Units 
●Average distance between Detection Units  ∼20 m 
●Average vertical distance between DOMs ∼9 m 
●Volume ≈ 7 Mton

ARCA (Astroparticle Research with Cosmic in the Abyss) 
●Depth ∼3500 m  
●Two blocks of 115 Detection Units each 
●Average distance between Detection Units  ∼90 m 
●Vertical distance between DOMs ∼36 m 
●Volume (0.5 × 2 ) km3 ≈1 Gton



The scientific motivation

KM3NeT is a research infrastructure in the Mediterranean Sea hos5ng two 
neutrino detectors

KM3NeT/ORCA:   Study of the physical proper5es of the neutrino – neutrino mass ordering 
KM3NeT/ARCA:   Discovery and observa5on of cosmic neutrino sources

Two different detectors but based on the same technology and operated by the same 
collabora5on



Why astronomy with neutrinos

KM3NeT is a research infrastructure in the Mediterranean Sea hos5ng two 
neutrino detectors

KM3NeT/ORCA:   Study of the physical proper5es of the neutrino – neutrino mass ordering 
KM3NeT/ARCA:   Discovery and observa5on of cosmic neutrino sources

Two different detectors but based on the same technology and operated by the same 
collabora5on



Why astronomy with neutrinos



Science of KM3NeT

Exploration of the 
neutrino universe 

Study the fundamental 
properties of neutrinos Exploration of the abyss

ORCA ARCA ORCA + ARCA



Science of KM3NeT

ORCA ARCAORCA + ARCA
ν"Oscillations"
Supernovae!!

Dark"matter"
Monopoles,"Nuclearites"

Cosmic"ν"
Origin"and"production"
mechanism"of"HE"CR"

+!oceanography,!biology,!seismology,…!!

KM3NeT- ORCA    KM3NeT- ARCA 

Supernova explosions Neutrino oscillation Dark Matter 
HE neutrinos 

Multi-messenger program 

ORCA + ARCA

From MeV … …. to PeV



Science of KM3NeT

KM3NeT detectors

E. Vitagliano,I. Tamborra and G. Raffelt  Rev. Mod. Phys. 92, December 2020

KM3NeT energy range



Science of KM3NeT



Science of KM3NeT

….. and much more  
Supernova remnant 
Gamma Ray Bursts 

Dark matter 
Atmospheric neutrinos



Open questions

• Which classes of sources contribute to the observed diffuse neutrino flux.  
•IceCube discoveries: Neutrino of cosmic origin discovered from AGN (blazar TXS 0506+056 https://arxiv.org/pdf/1807.08794.pdf and ) , 
active galaxy NGC1068 

• Which mechanism is responsible for the neutrino emission p-p or/and p-Ɣ ? 

• Which is the flavor composition ? 

• Are neutrinos and gammas/CR observed from the same sources?  
•Yes from blazar TXS 0506+056. No from  NGC1068   

• Which is the contribution of neutrino from the Galactic plane ? 
•Recent discovery from IceCube a cosmic flux (model dependent) 

• Production mechanism and origin of neutrino of extreme energies 
•Recent discovery from KM3NeT of a 220 PeV neutrino

https://arxiv.org/pdf/1807.08794.pdf


The detection principle

KM3NeT is a research infrastructure in the Mediterranean Sea hos5ng two 
neutrino detectors

KM3NeT/ORCA:   Study of the physical proper5es of the neutrino – neutrino mass ordering 
KM3NeT/ARCA:   Discovery and observa5on of cosmic neutrino sources

Two different detectors but based on the same technology and operated by the same 
collabora5on



Detection principle

The detectors are arrays of optical 
sensors able to detect Cherenkov 

light of secondary particle 
produced in the interaction of 

neutrinos with the medium 
surrounding the detector 



Detection principle

The detectors are arrays of optical 
sensors able to detect Cherenkov 

light of secondary particle 
produced in the interaction of 

neutrinos with the medium 
surrounding the detector 

•The neutrinos interact in the water/ice or rocks around 
the detector and produce secondary particles that emit 
Cherenkov light in a cone at 42° w.r.t the particle 
direction.  

•Light detected by means of optical sensors 
(photomultipliers) 

•From the arriving time of photons and from the 
positions of the photomultipliers is possible to 
determine the direction of the secondary particles. 

• If muons, generated by νμ, the precision in the 
reconstruction of the direction is very high (0.1°-0.2°). 
High energy neutrinos are collinear with muons 

•Detection of ve also possible

Interaction 
point

✴ν μ



Detector calibration

Time offsets: 
• Intra DOM PMT time offset 👉 K40  
• Inter DOM time offset 👉 LED beacon & atm. muons 
• Inter Line time offset 👉 White Rabbit based + laser 

beacon

Atmospheric muons a good probe to test time calibrations

Time calibration precision at level of 1 ns

From K40 also PMT efficiency

Position measurement precision at level of 10 cm
Based on acoustic beacon and hydrophone & piezo 

Measurement each 10 minutes



The detector

KM3NeT is a research infrastructure in the Mediterranean Sea hos5ng two 
neutrino detectors

KM3NeT/ORCA:   Study of the physical proper5es of the neutrino – neutrino mass ordering 
KM3NeT/ARCA:   Discovery and observa5on of cosmic neutrino sources

Two different detectors but based on the same technology and operated by the same 
collabora5on



Detector basic elements

The optical sensor

31 3 inches photomultipliers + 
electronics inside a glass 
sphere

The String

18 optical sensors 
in a string

Anchor
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The sea floor network

Junction Box

Network of electro-optical 
cables and Junction-Boxes to 
distribute power and collect 

signals from deep sea to 
shore



The optical sensors
The digital optical module (DOM)

Hamamatsu photomultipliers + electronics inside a 17” pressure resistant 
glass sphere 

•31 PMTs 3 inches (12 in the top hemisphere, 19 in the bottom)  
•Readout electronics Gbit/s optical fibre transmission (all data to shore) White 

Rabbit time synchronisation  
•LED beacon for auto-calibration  
•Acoustic sensor for position reconstruction  
•Tiltmeter/compass chip

Innovative design  
Optical sensors designed and assembled 

inside the collaboration

The segmentation of the photocathode area provides sensitivity for the incoming direction of the 
detected photons, and, in combination with the nanosecond timing accuracy, an effective tool for 
the reduction of background from light induced by 40K decay and bioluminescence in seawater



The Detection Unit

Anchor

Junction Box

18 DOMs are connected by a Vertical ElectroOptical Cable: a Pressure-
compensated oil-filled polyethylene (PE) assembly. 

VEOC this connected to the Base Module. It collects the data arriving from the 
18 DOMs via the VEOC. Packs and transmits data to the on-shore station 
through the sub-marine infrastructure. Distributes to the DOMs the power and 
the communications broadcasted from shore 

These 18 connected DOMs are systematically loaded to a Launcher Optical 
Modules

Base Module

VEOC

LOM



The Sea floor network

Anchor

Junction Box2 Main Electro-Optical Cables (MEOC) 

3 cable termination frame (2 deployed) 

9 + 8 Junction Boxes (JB) (5 deployed)  

A network of Interlink cables:  from JB to CTF and from DU to JB

MEOC

MEOC

CTF2

CTF1

CTF3

JB

Junction  Box CTF2



Status

KM3NeT is a research infrastructure in the Mediterranean Sea hos5ng two 
neutrino detectors

KM3NeT/ORCA:   Study of the physical proper5es of the neutrino – neutrino mass ordering 
KM3NeT/ARCA:   Discovery and observa5on of cosmic neutrino sources

Two different detectors but based on the same technology and operated by the same 
collabora5on



KM3NeT status

Present Status 
 

• ARCA 33 strings deployed (30% of one 
building block). 3 taking data 

• ORCA 28 strings deployed (24% of the full 
detector). 24 taking data

ORCA
ARCA KM3NeT detectors are under construction



The next ARCA sea campaign 

Sailing from Malta: July 8th  
Return to Malta: July 23rd  

Campaign split in two hitches 

July sea campaign plan 

•19 DUs  
•3 Trypod Autonomous Beacons (TAB) 
•Inspection CTF-1  
•Absolute position measurement 



Main results

KM3NeT is a research infrastructure in the Mediterranean Sea hos5ng two 
neutrino detectors

KM3NeT/ORCA:   Study of the physical proper5es of the neutrino – neutrino mass ordering 
KM3NeT/ARCA:   Discovery and observa5on of cosmic neutrino sources

Two different detectors but based on the same technology and operated by the same 
collabora5on



The KM3NeT ultra-high-energy event
The international journal of science / 13 February 2025 

COSMIC 
CATCHER
Deep-sea telescope detects 
neutrino with highest 
energy ever recorded

The February 13 2023 an event with the highest energy ever seen 
has been detected with ARCA when it consisted of 21 Lines 

• The KM3NeT detector has observed a cosmic neutrino with energy well above 100 
PeV (petaelectronvolt)  

• 30 times higher the most energetic neutrino detected so far

Publication on Nature the 12 of February 
2025 - Nature 638, 376–382 (2025) and 
public announcement on youtube

306 articles/media appearances in 35 countries

https://www.youtube.com/watch?v=2jgyZlBpkl8


Huge amount of light detected 👉 35% of the total number of photomultipliers were triggered

ARCA 21 Lines

The KM3NeT ultra-high-energy event



ARCA 21 Lines

The KM3NeT ultra-high-energy event

• It is not an atmospheric neutrino or atmospheric muon background  
• Given the detected energy and direction the expected rate of atmospheric muon is « 10-10 per year.  
• At this energies (>100 PeV) the expected rate of an atmospheric neutrino (prompt component) is of 1−5 10-5 

events  per year



The KM3NeT ultra-high-energy event

We can measure the neutrino direction with high precision

Galactic coordinate



We can measure the neutrino direction with high precision

The KM3NeT ultra-high-energy event

No strong correlation was found with any source



The Ultra-High-Energy: KM3-230213A
KM3-230213A event

Grey band - Cosmogenic neutrino models

The highest 
energy observed 
before 
KM3-230213A



The possible origin
Neutrino sources 

In the universe there are very powerful accelerators where particles can reach 

much higher energies than in the most powerful accelerators in our 
laboratories 

Cosmogenic Neutrinos 
Ultra high energy neutrinos can also be produced in the interaction 
of Ultra High Cosmic Rays, in particular protons, with the photons 

of the intergalactic cosmic background (mainly with the Cosmic 
Microwave background).  They are detected at Earth as a diffuse 

neutrino flux and are called cosmogenic neutrinos  

More exotic interpretations also possible
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Large improvement in sensitivity is expected in the next year: 
+ ARCA28 from sept 2023 + ARCA47 (?) from November 2024

ARCA21 unblinded until December  2022 
Unblinding of ARCA21 data full period expected very soon 

KM3NeT upper limits are quickly reaching the ANTARES 15yr limits

101 candidate sources

Search for point-like sources
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ARCA6 & ARCA8 & ARCA19 fully analyzed
ARCA21 partially analyzed (until December  2022) 

  

|l| < 31° and |b| < 5° for KM3NeT/ARCA6-8 and 
|l| < 31° and |b| < 4° for KM3NeT/ARCA19-21

On-Off zone analysis

ARCA6+8+19+21 upper  limits (432d)

ANTARES  
best -fit flux

IceCube  
KRAγ5 best-fit flux

IceCube  
π0 model best-fit flux

From the galactic plane

ARCA6+8+19+21 
sensitivity (641d)

From the full sky

With the data collected 
until Sept. 2023 same 
sensitivity of ANTARES 
15yr for track events 

ARCA rapidly approaching 
ANTARES sensitivities

ARCA21 287 days

ANTARES 15y

ANTARES

IC

ARCA (653d)

See for ANTARES diffuse talk of L. Fusco
Search for diffuse flux

https://arxiv.org/abs/2309.05016
https://arxiv.org/abs/2309.05016


Multimessenger program

KM3NeT is a research infrastructure in the Mediterranean Sea hos5ng two 
neutrino detectors

KM3NeT/ORCA:   Study of the physical proper5es of the neutrino – neutrino mass ordering 
KM3NeT/ARCA:   Discovery and observa5on of cosmic neutrino sources

Two different detectors but based on the same technology and operated by the same 
collabora5on
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Sending alerts 
Send neutrino alert to external communities

Receiving alerts 
Receive alert from external communities - on-

line analysis and follows ups

A dedicated software runs at 
the shore stations for Real-

Time Analysis (RTA)

Receiving alert system operative 👉 RTA platform already active from November 2022 in ARCA and in 
ORCA detectors 
Sending alert system  👉 High-energy neutrino alerts will be sent in real-time soon. System under test

Multimessenger program
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A thousand of alert received and analyzed in real time 👉  so far no significant excess found in any of 
the observed alerts

The Multimessenger program

CCSN alert sending already active 
HE neutrino alert sending soon



The collaboration

KM3NeT is a research infrastructure in the Mediterranean Sea hos5ng two 
neutrino detectors

KM3NeT/ORCA:   Study of the physical proper5es of the neutrino – neutrino mass ordering 
KM3NeT/ARCA:   Discovery and observa5on of cosmic neutrino sources

Two different detectors but based on the same technology and operated by the same 
collabora5on



The KM3NeT collaboration

KM3NeT is a research infrastructure in the Mediterranean Sea hos5ng two 
neutrino detectors

KM3NeT/ORCA:   Study of the physical proper5es of the neutrino – neutrino mass ordering 
KM3NeT/ARCA:   Discovery and observa5on of cosmic neutrino sources

Two different detectors but based on the same technology and operated by the same 
collabora5on



KM3NeT Italia

KM3NeT is a research infrastructure in the Mediterranean Sea hos5ng two 
neutrino detectors

KM3NeT/ORCA:   Study of the physical proper5es of the neutrino – neutrino mass ordering 
KM3NeT/ARCA:   Discovery and observa5on of cosmic neutrino sources

Two different detectors but based on the same technology and operated by the same 
collabora5on

Integration sites map
KM3NeT-Italia sites 

•Genova (DU Integration P1-P2-P3) 
•Bologna (BM Integration) 
•Napoli/Caserta (DOM/BM/DU 
Integration) 

•Salerno (Soon DOM integration) 
•Bari (BM and soon DU integration P1-P2-
P3) 

•Catania (LNS & Sezione) (DOM/BM/DU 
integration)



The organigram



KM3NeT membership
New collaborators can join KM3NeT as 

•Full member (as Institute)  
•Full access to the data 
•Common funds contribution due  
•Sign all the papers 
•Member of the IB with voting rights 

•Observer (as Institute) 
•Prospect to apply as full member after three years  
•Full access to the data 
•Common funds contribution NOT due 
•Sign only papers to which a significant contribution is given 
•Member of the IB with NO voting rights 

•Associated member (as individual person and based on a research plan) 
•Full access to the data 
•Common funds contribution NOT due 
•Sign only papers to which a significant contribution is given 
•NO IB Member



The KM3NeT members
From the KM3NeT MoU

Observer

Associated member



KM3NeT and ESFRI

• KM3NeT is an ESFRI project since 2006 and as KM3NeT2.0 since 2016 
• Very good mid term evaluation (https://www.esfri.eu/latest-esfri-news-project-landmarks-news/esfri-monitoring-2016) 
• 2025 is our last year on the roadmap as ESFRI Project, next status 

would be ESFRI Landmark -> a legal entity is needed

Mid-term evaluation

https://www.esfri.eu/latest-esfri-news-project-landmarks-news/esfri-monitoring-2016


KM3NeT INFRADEV2



Motivation for a legal entity for KM3NeT

The establishment of a legal entity for KM3NeT will have many advantages for the development of the 
project and its sustainability. In particular the legal entity will make possible:  
•independent action in its full legal capacity 
•financial autonomy: collects and administrates membership fees 
•emission of orders and issue invoices or receipts       
•possibility to receive subsidies and be partner in projects 
•better organized internal structure 
•employment/secondment of personnel 
•increased possibility of fund raising at regional, national and EU level 
•stronger commitment of the participating agencies and institutions 
•improved sustainability on medium and long term 
•easier and straightforward participation in EU call and grant 
•gain of visibility in the European science funding landscape 



Example of legal entity for RI



• The AISBL chosen as legal entity 
form 

• AISBL governance only on 
KM3NeT telescope 

• Service Level Agreements 
between the AISBL and Sea 
Floor Network and Shore Station 
Host Sites (INFN and IN2P3)  

• AISBL signature on 18th June 
2025

The KM3NeT legal entity



INAF and KM3NeT

KM3NeT is a research infrastructure in the Mediterranean Sea hos5ng two 
neutrino detectors

KM3NeT/ORCA:   Study of the physical proper5es of the neutrino – neutrino mass ordering 
KM3NeT/ARCA:   Discovery and observa5on of cosmic neutrino sources

Two different detectors but based on the same technology and operated by the same 
collabora5on



Inside the PNRR (Piano Nazionale di Ripresa e Resilienza) a call dedicated to the reinforcement of existing research 
infrastructures has been published at the end of 2021. The project KM3NeT4RR has been submitted and funded with 67M€. 
This fund will allow the completion of the first  building block and part of the second block of the ARCA detector. 
WP7 dedicated to physics  
•WP7 – Multimessenger liasons - This WP addresses items that are strictly related to the multimessenger activities. The upgrade to higher frequencies of an INAF radio telescope 

located near Noto (Sicily) is requested. Recent studies and some experimental evidence point out that high frequency radio emitting sources are good neutrino candidates thus making 
this upgrade and collaboration even more important. Follow-ups of sources in the radio and gamma emission band are also foreseen. Modelization of neutrino emission from other 
sources of cosmic neutrinos and activities for training of Phd students are also comprises in this WG. 

KM3NeT4RR and INAF

Institutes participant: 

• INAF - Osservatorio Catania 
• INAF - Osservatorio Palermo 
• Università Federico II - Napoli 
• Università di Genova 
• Università di Catania 
• Università La Sapienza  - Roma 

WP7 financed with 1.7M€ 
  
• Personnel 745.6k€ 
• Scientific instrumentation 499k€ 
• Training activities (PhD) 109.6k€ 
• Indirect cost (7%) 94.8k€ 

INAF Osservatorio di Palermo 
• Modelization of Galactic SNR neutrino emission - Magento-hydrodynamics simulation of SNR and simulation of the neutrino emission. 

Expectation of KM3NeT for the expected neutrino flux  
1. Procurement of computer cluster for simulation and storage 
2. 1 units of personnel (1 researcher)

INAF Osservatorio Catania 
• Upgrade of the INAF radio antenna in Noto (Sr)  - Refurbishment of the Noto radio telescope (https://www.noto.ira.inaf.it/) to high 

frequencies (up to 100GHz). The Noto radio Antenna is part of the VLBI network and can operate as element of the network or a Single Dish. 
• Observation and follow-ups of neutrino sources  - Regular observation and followups of radio-sources that can be neutrino sources and also of 

sources observed by other INAF facilities at different bands of the electromagnetic spectrum 

1. Procurement of a new sub reflector and all the ancillary instrumentation (Automation for a quick switch between receivers, data 
acquisition system, server for data reduction and storage, software for control and monitoring and data analysis) 

2. 2 units of personnel (1 researcher and 1 technologist)

https://www.noto.ira.inaf.it/


The KM3NeT near future 



Spare

KM3NeT is a research infrastructure in the Mediterranean Sea hos5ng two 
neutrino detectors

KM3NeT/ORCA:   Study of the physical proper5es of the neutrino – neutrino mass ordering 
KM3NeT/ARCA:   Discovery and observa5on of cosmic neutrino sources

Two different detectors but based on the same technology and operated by the same 
collabora5on
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cascades 

tracks 

IC energy resolution for cascades 
KM3NeT

E V E N T  T Y P E  A N D  E N E R G Y  R E S O L U T I O N

Tracks: very long path (Eμ>1TeV several km) 
Neutrino interaction vertex far from the detector 
•Modest energy resolution  

Cascades: small path (Ecasc >1TeV some tens of meters) 
All the energy released inside the detector 
•Good energy resolution

T R A C K   
I N  L O G ( E )

C A S C A D E

A N TA R E S 3 5 % 5 %

K M 3 N E T 2 7 % 5 %

I C E C U B E ∼  3 0 % 1 0 %

B A I K A L  - G V D

ArXiv:1705.02383

∼ 10% for 68% of CC νe interactions 

https://www.cta-observatory.org/science/cta-performance/
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cascades 
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KM3NeT preliminary JPP v12.1

tracks 

light blue band 68%
dark blue band 90%

ΔΩ

KM3NeT IC resolution for tracks 
from arXiv:1910.08488, 15 October 2019

Southern Hemisphere

h

T R A C K * C A S C A D E *

A N TA R E S 0 . 3 ° 3 °

K M 3 N E T 0 . 1 °  1 . 5 °  

I C E C U B E 0 . 3 ° 7 ° - 8 °

B A I K A L  - G V D 0 . 2 5 ° 3 °  -  3 . 5 °

E V E N T  T Y P E  A N D  A N G U L A R  R E S O L U T I O N

*Resolution at 100 TeV 

Tracks: very long path (Eμ>1TeV several km) 
Big lever arm 
• Good angular resolution  

Cascades: small path (Ecasc >1TeV some tens of meters) 
• Modest angular resolution

https://www.cta-observatory.org/science/cta-performance/
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The ultra-high-energy event KM3-230213A within the global neutrino landscape, arXiv:2502.08173

• IceCube and Auger non observation at the KM3NeT event energy taken into account 
• Global fit with low energy IceCube events. Single Power Law (SPL) and Broken Power Law (BPL) fits taken into 

account
Flux estimate taking into account the IC and Auger results

A preference for a SPL or BPL is not clear 

A stronger preference for a break appears if only the KM3NeT data is considered in the ultra-high-energy region

The Ultra-High-Energy event companion papers
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Sending alerts 
Send neutrino alert to external communities

The Multimessenger program



The international context



The complementarity



The complementarity

>75%

>25%

>25% >75%


