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Outline 2

The scope of this talk is getting an understanding of

Å Neutrino telescopes Ą physics goals
Ąwhat they do

Å Km3Net Ąwhat it does
Ą the involved technologies
Ą how it works and its performances

Å ARCA UHE Ąwhat we have seen (KM3-230213A)
Ą how it was seen



Introduction 3

Introduction



A new window into the Universe 4

Å Photons can be absorbed  by ISM
Å Charged are affected by B -fields and interact w/ CMB

Galactic Extragalactic

Supernovae, SN relics, Pulsar Wind Nebulae,

Dark Matter particle annihilation?

Active Galactic Nuclei,

Black hole mergers?



Multi -messenger approach 5

Multi -messenger astronomy is 
becoming the most sensitive 
approach to astrophysical 
event detection, especially for 
transient events

Ą 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

Ą KM3NeT has a real -time analysis framework 
making it possible to send HE neutrino alerts



Neutrino detection 6
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Underwater telescopes in the world 7



Km3Net 8

Km3NeT



Km3NeT 9

65+ institutes, 22 countries, 5 continents

Km3NeT/ARCA 
AstroparticleResearch with Cosmicsin the Abyss

Ą Observationof highenergy(GeV÷ PeV)
neutrino sources with a telescope offshore Capo
Passero(Sicily-Italy)at a depthof ~3500m

Km3NeT/ORCA 
Oscillation Research with Cosmicsin the Abyss

ĄNeutrino oscillations with a detector offshore Toulon 
(France) able to detect neutrinos of tens of GeV at a 
depth of ~ 2500 m

KM3NeT is a Mediterranean research infrastructure 
hosting two neutrino detectors and instrumentations for 

earth and sea sciences 



Physics programme 10

ÅCosmic neutrinos
ÅIntense multi -messenger activity 
ÅAtmospheric neutrino oscillations:
ÅOscillation parameters
ÅNeutrino mass hierarchy
ÅNon -standard  physics
ÅParticle physics properties

ÅIndirect search of Dark Matter
ÅExotic particles
ÅBeyond the SM Physics
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+ oceanology, biology, 
seismology and more!



The idea 11

Exploit Cherenkov light to detect (and track) charged particles ensuing neutrino 
interactions in large masses of instrumented water

M. Markov : 
ñProponiamo di installare rivelatori in profondità in 
un lago o in mare e di determinare la direzione 
delle particelle cariche con l'aiuto della radiazione 
Cherenkov.ò

1960, Rochester Conference

Moisey Markov, 1908-
1994

Bruno
Pontecorvo

1913-1993

Pavel A. Cherenkov
1904-1990



ARCA and ORCA 12

ARCA BB2ARCA BB1

ORCA

ARCA Ą 36m vert. x 90m horiz . Spacing Ą TeV-PeV

ORCA Ą 9m vert. x 20m horiz . Spacing Ą GeV-TeV

ORCA

ARCA



Cherenkov emission and propagation 13



Cherenkov emission and propagation 14

Igor Tamm
1895 -1971

Ilya M. Frank
1908 -1990 N. ‎ /cm ~ 200 

O(5000) of photo-sensors

Ὅ ὍὩ

PMT Q.E. <30%

PMT ø O(1-10) 
inches
ὒÔÒÁÃËḐ/ ρ ËÍ
ὒ ḐυπÍ
ὔ Ḑ/ ρππ

In seawater:

Within acceptance range

συπÎÍ ‗ υυπÎÍ

Frank-Tamm formula

Water refr. index vs ‗ 

PMT 
sensitivity 

range

Assuming ὲ‗ = constant = 1.33 in water



Deployment 15

Deployment



DU deployment 16



Construction status 17

ORCA: BB Foot-print 

Almost completed the first node  ~ 20% ORCA

To shore

24 strings @ORCA site

33 strings @ARCA site ~0.14 km 3
Ą



Construction status - ARCA 18



How it works 19

How it works



Technology 20
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Detector Optical Module 
(DOM)

acoustic beacon

Å 17-inch glass sphere
Å ᶱᶯ ʲ ᶱẏẏ æ¶ÿɾ
Å FPGA controlled main board

Built -in positioning and timing calibration systems

Å nanosecond LED beacon

Å Piezo transducer

Å Compass + IMU

Base Module (BM) with hydrophone + acoustic beacon



DAQ overview 21

ÅDOMs are 1GbE submersed ethernet nodes 
connected to shore via optical fibres

Å Timing distribution with < 1 ns accuracy and 
100 ps precision across all DOMs via White 
Rabbit Technology

Å Large throughput from the detector O(100) 
Gbps

Å Large band - high performance network 
infrastructure on shore

ÅScalable on -shore computing facility growing 
along with detector stages of installation. 

ÅOn -shore data reduction by 1:10 3
Ą recorded 

data to disk:  O(1) TB/day

Ą Trigger -less streaming readout DAQ model Ą all data to shore approach
Ą All complexity of data -filtering performed onshore in the computing resources in the  shore station



L0 trigger and noise 22

ÅEach PMT is readout using a 0.3 photoelectron threshold
ÅHit timing and charge (Time -Over -Threshold) are digitised with 1 ns precision
ÅTiming resolution of single PMT approx. 1 ns (dominated by PMT TTS)
ÅCoincidence between PMTs using timing and direction -based causality filters

ORCA

ÅOptical bkg mostly from K -40 decay: 8 kHz/PMT Ą 340 Hz 2 -fold coincidence
ÅK-40 decays Ą 150 Cherenkov photons / decay  Ą also used for pair -wise 

timing offset equalisation between PMTs



Main event topologies 23

˄˃

Track -like events     Ą angluar resolution < 0.1 ° at En>100 TeV   E resolution Ḑfactor 2

Shower -like events Ą angular resolution < 2 ° at En>100 TeV   E resolution Ḑ6% 

+ SN neutrino detection



Reconstruction 24

1. Use track or shower hypothesis to select hits is a robust coincidence window
2. Reconstruct vertex and direction of event
3. Estimate track ( dE/dX) or shower (deposited) energy, given reconstructed track 

or vertex



Path lengths in water 25


