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KM3NeT Collaboration  

Research in 
  Neutrino physics
   Neutrino astronomy

60+ research groups
20+ counties 

Main goals: 

ORCA ORCA

ARCA

ARCA



Sources of  Neutrinos    

KM3NeT
ORCA ARCA

Weak decay of particles:  

n →  p + e- +  e

 →   +  

Z →  +  
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High Energy Neutrino Astronomy     

M. Markov
1908-1994 

➢ Detection principle (1960):  
      Moisey Markov and Igor Zheleznykh  

➢ Neutrino interactions  create charged 
particles. Relativistic charged particles 
generate Cherenkov light in water. 

➢ Neutrino telescope: Cherenkov detector
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From DUMAND to KM3NeT      

Ch. Spiering, Towards High-Energy Neutrino Astronomy A Historical Review Eur.Phys.J.H 37 (2012) 515-565

Baikal (1990-1998) 

AMANDA (1996-2009) 

(South Pole ice) 

ANTARES 
(Mediterranean Sea) 

IceCube  

KM3NeT 

Baikal-GVD 

DUMAND (Deep Underwater 
Muon And Neutrino Detector)

Detection principle:  Cherenkov 
Photons from  up-going  muons

 + N  →   + X 



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Neutrino Telescopes 

1976-1995 (cancelled)

from 2011  

under construction 

under construction 

(2004-2022) 



ANTARES: First Neutrino Telescope in Mediterranean Sea     

ANTARES Collaboration, The ANTARES detector: Two decades 
of neutrino searches in the Mediterranean Sea, Phys.Rept. 1121-1124 (2025) 1-46  

ANTARES experiment: 2004 - May 2022

ANTARES line before deployment
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40K/Bioluminescence



ANTARES line before deployment

KM3NeT:  Research Program       

➢ Neutrino Physics (ORCA):

✓ Atmospheric- flux (1-100 GeV)   

✓ BSM:  Sterile neutrino,  NSI,  decoherence,  . . . . .   

➢ Neutrino Astronomy (ARCA):

✓ HE cosmic-:  point sources,   diffuse flux   

➢   Other searches (ARCA, ORCA):

✓ Cosmic rays, Multi-Messenger (MM),  CCSN,  Dark matter,    
Exotics (monopoles, . . . )    

✓ Oscillation parameters (23 ,   m32),  NMO  

✓ Atmospheric- flux ( above 1 TeV) and properties   
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KM3NeT DOM and Detector Unit(s)   

KM3NeT DOM*:  42 cm diameter pressure resistant 
glass sphere with 31 PMTs (3 inch), calibration tools 
and electronics.

KM3NeT Detector Units for ARCA and ORCA
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*The KM3NeT multi-PMT optical module, INST 17 (2022) P07038



KM3NeT:  ARCA and ORCA      
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KM3NeT:  Junction Box and LOM      

KM3NeT/ORCA Junction Box  KM3NeT DU before installation* 
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* Deep-sea deployment of the KM3NeT neutrino telescope detection units by self-unrolling, JINST 15 (2020) 11, P11027



KM3NeT Sea Operations: DU Deployment and Connection      
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July 2025 – sea campaign at the KM3NeT/ARCA site: 
 18 DU were installed. Currently KM3NeT configurations: 
ARCA51 and ORCA28. 



KM3NeT Status and Planning  

R. Shanidze                                                              New Trends in High Energy Physics,  Batumi  17/09/2025 12 



KM3NeT Event Topologies    

Neutrinos event
 reconstruction:

1.track like:
     (CC) 
Ang. res. below 0.1° 
Energy res. ∼ factor 2

2.shower like:
 e (CC),  all- (NC)
Ang. res. below  2° 
Energy res. ∼ 6%

3.”double bang”
       (CC)  

R. Shanidze                                                              New Trends in High Energy Physics,  Batumi  17/09/2025 13 



KM3NeT DOM Rates    
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The rate of events as a function of the  
coincidence level (number of PMTs 
with  signal in a 20 ns time window).

Black dots correspond to data. 
 Colored histograms represent  
simulations (muons in blue, 40K in
 red and accidental coincidences in 
purple). 

Eur. Phys. J. C(2014), 74:3056



Atmospheric Muon Flux vs. Seawater Depth  

Dependence of atmospheric muon flux on seawater depth measured with the first KM3NeT detection units, Eur. Phys. J. C80 (2020) , 9  
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Atmospheric Neutrino Flux Measured with ORCA6  

Measurement of the atmospheric νμ flux with six detection units of KM3NeT/ORCA, Eur. Phys. J. C85 (2025), 871 

νμ energy spectrum is derived by unfolding,
 with estimation of systematic  uncertainties.

3894 neutrino candidate (atmospheric- 
contamination is less than 1%.)
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510 days of livetime  (01/2020 -11/2021) 
with a total exposure of 433 kton·years. 

ORCA6 measurements  are in agreement with
   the values measured by other experiments.



Atmospheric Neutrino Oscillations  

The probabilities nm survival, P as a function of 
zenith angle and neutrino energy
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Atmospheric Neutrino Oscillations  ORCA6  

Measurement of neutrino oscillation parameters with the first six 
detection units of KM3NeT/ORCA, JHEP 10 (2024) 206
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Expected NMO Results with KM3NeT/ORCA   
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Sensitivity to NMO after 3 years of data taking, as a function of the true θ23 value and sensitivity to NMO as 
a function of data taking. 

Determining the neutrino mass ordering and oscillation parameters with KM3NeT/ORCA, Eur. Phys. J.  C82 (2022) 26



✓ Study of tau neutrinos and non-unitary neutrino mixing with the first six detection 
units of KM3NeT/ORCA, JHEP07(2025)213, arXiv:2502.01443 

✓ Probing invisible neutrino decay with the first six detection units of KM3NeT/ORCA
     JHEP04(2025)105, arXiv: 2501.11336

✓ Search for non-standard neutrino interactions with the first six detection units of 
KM3NeT/ORCA, JCAP02(2025)073, arXiv:2411.19078

✓ Search for quantum decoherence in neutrino oscillations with six detection units of 
KM3NeT/ORCA, JCAP03(2025)039, arXiv:2408.07015

Neutrino Physics with KM3NeT/ORCA6 
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KM3 230213A: Most Energetic Neutrino Ever Observed 

An extremely high-energy muon traversing ARCA21 was 
observed on 13 February 2023 at 01:16:47 UTC (KM3-230213A)

About 35% of the active PMTs  were triggered  Ntrig =3,672   
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Reconstruction of KM3 230213A 

The reconstruction algorithm maximizes 
the likelihood of the arrival time residuals:

ri - arrival time residual;  
di - distance from the emission  point
i and θi -orientation of the PMT with respect 
     to the track direction

Only the first hits in a cylinder of radius 175 m 
and axis defined by the prefit direction are used. 

KM3-230213A:  highest values of a track quality 
parameter (1415.2_ observed in ARCA21.
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KM3 230213A: Event Display   

First five hits on each PMT are shown. Color corresponds  to 
the detection time relative to the first triggered hit.

 The locations of the secondary cascades are indicated by the 
black spheres along the muon trajectory. 

Position of light emission along the -track
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KM3 230213A: Direction 

KM3 230213A is direction: 
 0.6° above the horizon;  azimuth of 259.8°
(azimuth increase clockwise, with north at 0°). 

The uncertainty on the direction: 
   1.5° (68% confidence level) 
dominated by the systematic uncertainty on 
the absolute orientation of the detector.

about 300 km water-equivalent of material
Max. range of  atm- (≤60 km  for 100-EeV ). 

The upper limit on the -contamination at 100 PeV, 
(considering zenith angle estimate as large as 2°)
 10−10 events /year. 
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KM3 230213A: Energy Estimation 

                            

                        

    

    

    

    

 
  

 
  
 
 
  
  
 
 
  
 
 
 
  

                           

     

      

       

           

Muon energy estimation  from detected 
Cherenkov photons and MC simulations

Neutrino Energy: 

(assuming an E-2 source spectrum)
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KM3 230213A Coordinates 

The sources are numbered according to the
 proximity to KM3-230213A.

KM3NeT KM3 230213A  position in  the sky  

KM3 230213A equatorial coordinates (J2000) : 

     RA = 94.3°,   dec. = −7.8°,  MJD = 59988.0533299. 
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KM3 230213A:Comparison with Models 

Per-flavour energy-squared diffuse astrophysical neutrino flux, assuming flavour equipartition. Measurements based 
on the KM3-230213A observation are compared with existing limits at ultra-high nd measurements at lower energies. 
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KM3 230213A: Follow up Papers by KM3NeT  

✓ Ultrahigh-Energy Event KM3-230213A within the Global Neutrino Landscape
    Phys.Rev.X 15 (2025) 3, 031016

✓ 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 KM3-230213A
    Astrophys.J.Lett. 984 (2025) 2, L41 [arXiv:2502.08508]
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KM3 230213A: Cosmogenic Origin?  

R. Shanidze                                                              New Trends in High Energy Physics,  Batumi  17/09/2025 29



KM3 230213A

Expected -fluxes as a function of energy for source evolutions (color code) with  redshift zmax = 6
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Summary and Outlook 

➢ KM3NeT is a Mediterranean Sea infrastructure with 2 telescopes ORCA and ARCA for 
research in neutrino physics and neutrino astronomy. 

➢  ARCA will study cosmic neutrinos, complementary to IceCube.  Capability of this 
detector was demonstrated by detection of most energetic neutrino observed so far in

     configuration with 21 detection units (KM3-230213A).    
    

➢ ORCA is sensitive to the Neutrino Mass Ordering (NMO) and will measure oscillations 
of atmospheric neutrinos, as well as physics beyond the Standard Model. First results 
have been published, most of them with the six detection units of KM3NeT/ORCA.   

➢   Both KM3NeT telescopes will be completed around 2030 and will provide new results
     in neutrino physics (NMO) and neutrino astronomy. 
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