
First Data from KM3NeT
Dorothea Samtleben - Leiden University & Nikhef

on behalf of the KM3NeT collaboration



Triggering on track and cascade signatures
Trigger rates -0.5(7) Hz for ARCA (ORCA) 

Current KM3NeT Data

ORCA neutrino candidate

Track
Cascade
Cascade (loose)

Track
Cascade
Cascade (loose)

Cumulative event count

ARCA (1 string)

ORCA (4 strings)

Cumulative event count
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Background as calibrator

Homogeneous, isotropic signals from 
radioactive 40K decays

Correlated signals on different PMTs
on a DOM

-> nanosecond time calibration
-> percent-accuracy efficiency calibration 

• Continuous evaluation and monitoring

• Nanosecond stability

• < Percent-level variations in efficiencies

Relative efficiency change over time 

Uncalibrated
Calibrated
Random coincidence
Fit result

Hit time differences for a PMT pair
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Reconstructing muon tracks

Accurate time calibration:

=> Narrow distribution
=> Well described in simulation

Time residuals (time of hits – expected time)
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Atmospheric background as calibrator

Varying inter-DOM time offset
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Varying string position
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Reconstruction of muon tracks with    
different detector position/time 
offset assumptions

 maximum of distribution identifies 
best detector description
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Comparison of different calibrations

=> Very good consistency  within nanoseconds  of different probes

Deployment calibration       Nanobeacon calibration

Difference of 
deployment and
Nano-beacon
time offsets

Red-dashed: 
atmospheric muon 
evaluation

DOM pairs
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Typical occupancy of a DOM

Signal multiplicity
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Multiplicity rates in the DOMs
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Stable rates
=> talk by Massimiliano Lincetto

on Supernova trigger 7



Typical occupancy of a DOM

Signal multiplicity

Multiplicity rates in the DOMs

Muon signals preferably in the 
top part of the DOM
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ARCA: ~3 times lower muon rate

Similar performance for ARCA and ORCA

Isotropic K40 signal, but bottom 
part of DOM has higher PMT-
density -> enhanced rates
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Measurement of depth dependency of the muon flux

KM3NeT
ANTARES
Model

Largest uncertainties from muon multiplicity and PMT efficiency
(combined uncertainty +16%/-11%) 9

ARCA: 1269 hours
2 strings

ORCA: 320 hours 
1 string

Flux measured via >8-fold   coincidences



Neutrinos in ARCA/ORCA
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Muon in the ORCA detector
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Neutrino candidate in the ORCA detector
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ORCA 1: Data versus Simulation

Final selection cutsFirst quality cuts

Likelihood/number of hits
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Likelihood/number of hits

Number of DOMs with signal hits



Neutrinos in ORCA (1 string data)

Remaining after
final cuts:

Data: 77
n MC: 67.5
m MC: 4
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Log10(Neutrino energy [GeV])

Neutrinos in ORCA (1 string data)
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Neutrino candidate with 2 ORCA strings
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Neutrinos in ARCA

Larger DOM distances 

higher energy threshold
 less neutrinos 
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Latest 4 string ORCA data
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Data, Nhits>25 MC, Nhits>25

MC, Nhits>25Data, Nhits>25

Data/MC comparison for 4 strings ORCA

14 days 
of data

Detector 
conditions 
simulated 
on a run 
(few hours) 
basis
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Reconstructed vertices of the tracks in the detector
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Reconstructed: cos q = -0.827, Energy: 11.1 TeV

Red: Trigger Hits Size of sphere scaling with amount of coincidences

High energetic atmospheric muon
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Afterpulses



Coming next: First Physics 
results from KM3NeT
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Neutrino candidates in the ORCA detector
(4 strings)




