
T H E  K M 3 N E T  E X P E R I M E N T  A N D  I T S  
P R O S P E C T S  F O R  M U LT I - M E S S E N G E R

R O S A  C O N I G L I O N E  O N  B E H A L F  O F  T H E  K M 3 N E T  C O L L A B O R AT I O N  
I N F N  -  L A B O R AT O R I  N A Z I O N A L I  D E L  S U D  ( I TA LY )



August 2017 - Event of Gravitational Waves (GW170817) from a neutron star merger well detected in VIRGO and LIGO - 
followed 1.7 seconds later by a gamma-rays burst identified by INTEGRAL e FERMI - after hours, days and week X-rays, 
radio and optical  observations  NO neutrinos  

September 2017 - One high energy neutrino event (IC GW170817) detected by IceCube at +5.6° in declination. An 
increase of the activity in the same direction and time in high-energy gamma-rays, X-rays, optical and radio observed 

Track-like event of about 120 
TeV traversing all the detector

 Clear connection between different astrophysical messengers established  

December 2013 - Observation of the first cosmic neutrinos at  4 σ level∼

T H E  B I R T H  O F  N E U T R I N O  A N D  M U LT I  M E S S E N G E R  A S T R O N O M Y

TXS 0506+056 
Possible neutrino source identified

2

November 2022 - Analyzed 10 years of IC data with an improved calibration and energy reconstruction 👉 about 80 
neutrinos from the active galaxy NGC1068.  Significance 4.2σ. 👉 No correlation with high energy gammas



T H E  H I G H  E N E R G Y  N E U T R I N O  D E T E C T O R S
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IceCube

KM3NeT/ARCA

ANTARES 
(dismantled)

Baikal - GVD

💥

💥

💥
💥

In construction (12%) 
1km3

0.01 km3

In construction  
1km3

1 km3

IceCube-Gen2
Planned  
∼8 km3

KM3NeT/ORCA
In construction (14%)  

8Mton 💥

💥
P-ONE

R&D phase

💥 TRIDENT 
R&D phase

∼8 km3

In China also:  
• HUNT ∼30 km3 in Lake 

Baikal or the South China Sea 

http://hunt.ihep.ac.cn/ 

• NEON ∼1 km3 in the South 

China Sea https://pos.sissa.it/
444/1017/pdf

http://hunt.ihep.ac.cn/
https://pos.sissa.it/444/1017/pdf
https://pos.sissa.it/444/1017/pdf
https://pos.sissa.it/444/1017/pdf


T H E  K M 3 N E T  D E T E C T O R S
4 ORCA

ARCA

Same technology for the two detectors
Optical sensor (DOM) 
31 PMTs of 3 inches

ARCA 
● 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

ORCA 
● Depth ∼2500 m  
● One block of 115 Detection Units 
● Average distance between Detection Units  ∼20 m 
● Average vertical distance between DOMs ∼9 m 
●  ≈8 Mton

Detectors in construction 
Detection Unit (DU)

From the PMT positions and hit times is 
possible to reconstruct the neutrino direction

20m



T H E  P H Y S I C S
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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 
MeV

Neutrino oscillation 
GeV

Dark Matter 
TeV

HE neutrinos 
Multi-messenger program 

PeV

Neutrino Energy from MeV to PeV 

A R C A  +  O R C A
O R C A

A R C A



T H E  K M 3 N E T  D E T E C T O R S
6 ORCA

ARCA

1 Building Block (BB)👉115 Detection Units 
ARCA 2 BB 
ORCA 1BB 

Difference in the spatial distance of optical 
sensors 



D E T E C T I O N  P R I N C I P L E
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T H E  T E C H N O L O G Y
8 The basic elements: 

• Optical sensors 👉 DOMs (Digital Optical Module) 
• Strings 👉 DU (Detection Unit) 
• Seafloor network 👉 Electro-optical cables and JBs (Junction Boxes)

DOM  
It is a 17” glass sphere containing: 

• 31 3” PMTs (photocathode aerea 
≃ 3 × 10” PMTs) 

• LED and Piezo 
• Front-end electronics -> FPGA

DU

18 DOMs in a DU

Anchor

LOM
70

0 
m

 /
 2

00
 m

Video of the DOM integration

Sea floor network: JB+IL+CTF

JB

The Detection UnitThe Digital Optical Module

Video of a DU integra/on

https://www.youtube.com/watch?v=tR8jwgG6uzk
https://www.youtube.com/watch?v=tzxHlLgAahE
https://www.youtube.com/watch?v=tR8jwgG6uzk


T H E  K M 3 N E T / A R C A  S TAT U S
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ARCA 
(Italy)

JBs
Main electro-optical cable

Main electro-optical cable

Current status 28 DUs deployed 
+ 3 JB 

1-2 sea campaigns per year.  
The last one in  

September 2023 👉 recovered 2 DUs 
not working and deployed 9 DUs 

Detector commissioning just finished



T H E  K M 3 N E T / O R C A  S TAT U S
10

Current status 18 DUs deployed 
16 DUs taking data Many sea campaigns/year

Next campaigns 

•November 2023 sea campaign 👉 Replace the two not 
working DUs and add 4 DUs 👉 22 DUs  

•December 2023 sea campaign 👉 + 2 DUs 👉 24 DUs  

For the end of 2023 completion of node 1 👉 24 DUs



T H E  K M 3 N E T  C O L L A B O R AT I O N
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60 institutes in 20 countries

ORCA

ARCA

full members 
observers



S E A R C H  F O R  P O I N T- L I K E  S O U R C E S
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101 candidate sources

Angular resolution

ICRC2023 Pos 1018 

KM3NeT upper limits are quickly reaching the 
ANTARES 15yr limits 

Also big improvements in angular resolution

Large improvement in sensitivity is expected
+ 9 months of unprocessed ARCA21 data 
+ extended detector (ARCA28 from sept 2023)

ARCA6 & ARCA8 & ARCA19 fully analyzed
ARCA21 partially analyzed (until December  2022)

https://arxiv.org/abs/2309.05016



D I F F U S E  F R O M  T H E  G A L A C T I C  P L A N E
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ARCA6 & ARCA8 & ARCA19 fully analyzed
ARCA21 partially analyzed (until December  2022)

ICRC2023 Pos 1190 
https://arxiv.org/abs/2309.05016 

On-Off zone analysis

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

ARCA6+8+19+21 upper limits

ANTARES  
best -fit flux

ANTARES 2007-2020 data 
2σ excess in tracks and showers → hint for Galactic signal

Phys. Lett. B 841 (2023), p. 137951

For Ev>1 TeV  
21 track events observed -> 11.7±0.6 back. expected 

13 shower events observed -> (11.2±0.9 back. expected 

ARCA6+8 upper limits
IceCube  
KRAγ5 best-fit flux

IceCube  
π0 model best-fit flux

https://arxiv.org/abs/2309.05016


D A R K  M AT T E R
14 From the Galactic Center

ARCA6 & ARCA8  analyzed

From the sun
ORCA6  analyzed

KM3NeT quickly 
reaching the 

ANTARES limits

ICRC2023 Pos 1406 
ICRC2023 Pos 1377 



 N E U T R I N O  O S C I L L AT I O N  W I T H  K M 3 N E T / O R C A
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Neutrino Mass 
Ordering measuring 

atmospheric 
neutrinos crossing 

the Earth 

Energy range of interest 5-15 MeV

Baseline from 50 to 12800 km Tracks

Showers

ORCA6 data 
Oscillation clearly seen both 

in tracks and showers
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ORCA 6 DUs 510daysORCA6 DUs 354days

KM3NeT/ORCA competitive 

 N E U T R I N O  O S C I L L AT I O N  W I T H  K M 3 N E T / O R C A

Also competitive results in: 
•Tau appearance 👉 ICRC2023 Pos 1107 
•Non standard interactions 👉 ICRC2023 Pos 998 

•Neutrino decay 👉 ICRC2023 Pos 997 
•Lorents invariance violation 👉 ICRC2023 Pos 1086 

•

Increased event sample of a factor 5: 
•Better selection track/shower 👉 ICRC2023 Pos 1191 

•Added showers 
•Livetime + 40%

• ICRC2023 Pos 996



oS(ICRC2023)112517

 M U LT I - M E S S E N G E R  P R O G R A M

Sending alerts 
Send neutrino alert to external communities

Receiving alerts 
Receive alert from external communities - on-line 

analysis and follows ups

A dedicated software is 
installed at the shore stations 
for Real-Time Analysis (RTA)

ICRC2023 Pos 1125 
 ICRC2023 Pos 1521

https://arxiv.org/abs/2309.05016

RTA platform already active from November 2022 in 
ARCA and in ORCA detectors 



oS(ICRC2023)112518

 M U LT I - M E S S E N G E R :  O N L I N E  S O F T WA R E  A R C H I T E C T U R E

• Event processing done 
separately for ORCA and 
ARCA at each shore station 

• Data from each detector are 
transferred to a common 
dispatcher (MM dispatcher), 
where analysis pipelines are 
also activated  

• Events reconstructed in real-
time (both as track and 
shower) and classified (μ/ν) via 
machine learning algorithms

Not yet implemented  
Work on-going



oS(ICRC2023)112519

 M U LT I - M E S S E N G E R :  O N L I N E  P R O C E S S I N G  T I M E

On average ~4 seconds to reconstruct and classify ARCA events

On average ~6 seconds to reconstruct and classify ORCA events



oS(ICRC2023)112520

 M U LT I - M E S S E N G E R :  R E A L  T I M E  F O L L O W  U P S

Each received alert  is tagged 👉GRBs, GW extended region, Neutrinos identified by IceCube, Transient events (e.g., 
flaring/variable objects). 

Reception of external alerts and automatic follow-ups of EM/GW alerts currently active

Only track events are considered 
(better angular resolution) 

Inclusion of shower events on-going

• External alerts trigger the RTA system 👉 only 
events satisfying the following criteria are selected: 

• temporal and spatial coincidences 
• visibility in KM3NeT for up-going tracks 
• reported false alarm rate  

Number of alerts received from Nov 2022 to June 2023
GW O4 run

On average ~2 alert /day

No significant excess has been found so far
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M U LT I - M E S S E N G E R :  O N  L I N E  S Y S T E M

Online system set for shifters Examples of GW follow ups 

More than 100 GW alerts have been 
followed up so far

On-line system for the detection of SN explosions also in place



oS(ICRC2023)112522

 M U LT I - M E S S E N G E R :  G R B 2 2 1 0 0 9 A  F O L L O W  U P S

GRB 221009A 
On 9 October 2022 the brightest long GRB ever detected was observed relatively close to us ( z ∼ 0.15) at 

RA=288.263° and DEC= +19.803°  
• the most energetic GRB photon ever seen by Fermi LAT (99GeV) 👉 ATel #15656 
• LHAASO 2000 sec after the GRB trigger detected photons up to 18 TeV 👉 GCN #32677  
• Observations also at different wavelength 👉 MAXI/GSC, INTEGRAL SPI/ACS or HAWC ,…. 
• IceCube did not detect neutrinos (search in -1 hour/+2 hours) 👉 GCN #32665

ICRC2023 Pos 1503 https://arxiv.org/abs/2309.05016

KM3NeT and GRB 221009A  
GRB 221009A was in the downgoing sky of the KM3NeT (ARCA21 and ORCA10) 

detectors at the time of the event 
• Online follow up done by KM3NeT [T0-50s, T0+5000s] (GCN #32741) 👉 
NO event found 

• More refined offline follow up done during the  [T0-50s, T0+5000s] and T0 
± 1 day 👉 NO event found 👉 upper limits have been set 



S U M M A R Y
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KM3NeT under construction 👉 present status: ARCA 28 DUs and ORCA 18DUs 

First results presented at ICRC2023  👉 more than 40 contributions (https://arxiv.org/abs/2309.05016) 
KM3NeT upper limits are quickly reaching the ANTARES limits 

Online multi-messenger analysis framework for KM3NeT in progress and already operative 👉 
Online analyses in place to look for temporal and spatial coincidences among the KM3NeT 
reconstructed events and GRBs, GW extended regions, neutrinos identified by IceCube, 
transient events 

More than 300 online analyses performed so far (mainly after GRB external triggers); no 
significant excess has been found 

https://arxiv.org/abs/2309.05016


S PA R E
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June 2022 sea campign: 
11 DUs and 2 JBs + recovery of TJB

D U  D E P L O Y M E N T



M O V I E :  D U  D E P L O Y M E N T

26 Deployment DU



M O V I E :  T H E   U N R O L L I N G
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M O V I E :  L O M  AT  S E A  S U R FA C E
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T H E  I N T E G R AT I O N  
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DOM integration

Base Module integration



T H E  I N T E G R AT I O N  
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DU integration

Base Module integration



IceCube

>75%

>25%

>25% >75%

Northern hemisphere

Southern hemisphere

KM3NeT

W H Y  T W O  L A R G E  D E T E C T O R S
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 Complementary detectors 

Galactic coordinates

Visibility for up-going tracks
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KM3NeT preliminary JPP v12.1

cascades 
tracks 

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

Southern Hemisphere

h

light blue band 68%
dark blue band 90%

ΔΩ

KM3NeT

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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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

cascades 

tracks 

IC energy resolution for cascades 
KM3NeT

ArXiv:1705.02383

∼ 10% for 68% of CC νe interactions 

https://www.cta-observatory.org/science/cta-performance/
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• 2070 DOMs in one detector building block 

• Each DOM is a detector 

SN burst
MeV radioac/vity: 1-2 PMTs in 20 ns

10 MeV electron: > 4 PMTs in 20 ns

Muons: > 4 PMTs in many DOMSs but within few μs

SN burst
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