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 . The Astrophysics case.       

ν"Oscillations"
Supernovae!!

Dark"matter"
Monopoles,"Nuclearites"

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

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

KM3NeT- ORCA    KM3NeT- ARCA 

Super Novae explosion
MeV

Neutrino oscillation
GeV

Dark Matter
GeV-TeV

HE neutrinos, CRs
Multi-messenger program

TeV-PeV
ORCA

ARCAARCA

• Origin of Cosmic Rays 
• Neutral messengers point back to their sources 

• Neutrons are short-lived, photons are likely to interact  
⇒ Neutrinos as cosmic probe 

• Neutrinos are produced at sources via hadronic interactions 
• Cosmic diffuse flux 
• Point-like sources 
• Multi-messenger approach
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 . KM3NeT by design .       

ORCA

ARCA

Two detectors, same technology, different 
layout and  physics objectives

500 m

500 m

ARCA ORCA
Location Italy France

N. building blocks 2 1

N. DU per b.b. 115 115

DU distance 90 m 20 m
DOM spacing 36 m 9 m
DU height ~ 800 m ~ 200 m
Instrumented 
mass (Mton)

2*650 7

Depth 3500 m 2500 m

ARCA 
1 BB

500 m
800 m

ORCA

200 m

100 m

Detection Unit (DU)

Digital Optical Module (DOM) - 31 PMT

ARCA

ORCA

> 50 Institutes 
> 250 Physics & Engineers

… 1 piezo

DU-Base Module (DU-BM) - Instruments - no PMT 

Introductory 
talk today, by  
Simone Biagi

Acoustic beacon

(not to scale)
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 . ARCA/ORCA current layout .       

4

ARCA:  21 deployed DUs

Latest Marine Operations in September 2022,

new deployments for both ARCA and ORCA.

Accumulating data with growing detector.

ORCA:  11 deployed DUs
ARCA-Phase 1

meters

m
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er
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 . ARCA/ORCA construction phases .       

ARCA 20 19 ➝ ARCA 21

KM3NeT-ARCA: Construction phase

4

electrical problem in 
seabed infrastructure 

upgrade of the 
shore station

2016 2017 2019 2020 2021

reconstructed event display 

A.Sinopoulou – INPP “Demokritos” & NTUA – ICRC 2021

ARCA 6 DUs

Current ARCA : 6 DUs 
1st ARCA Sector : 32 DUs
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 . ARCA construction phase .       

12

DOM and DU production

DOM: 8 sites
DU: 5 sites

+ sites for
base containers,
electronics,
testing

ARCA 19 reconstructed event display 
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 . Neutrino event topology .       

Neutrino telescopes

7

Rasa Muller

“tracks” “showers” background7

Or signal for Atm. Studies (CRs)Tracks
Showers Background
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 .ARCA 21/ ORCA 11 Some triggered events .       

ARCA 21 lines ORCA 11 lines
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Vertical downward-going

Vertical upward-going

Horizontal going
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 . KM3NeT Effective Areas .       

ARCA6 + ORCA6  
compared to ANTARES

ARCA6 -> 6.8ev/year 
ANTARES 6.0 ev/year

Effective	areas	≳	of	ANTARES≳

 up going tracks

ARCA19 compared to ANTARES

Number of events per year for a cosmic 
diffuse flux 

Φ = 10−8E−2GeV−1cm−2s−1sr−1

ARCA 19 3x ANTARES  
Same selections applied:  
reco, up-going cut

ARCA/ORCA (1BB)  
compared to ANTARES
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 . ARCA Reconstruction performance .       

Track-like and shower-like events

KM3NeT vs IceCube: 
Con: 40K background, bioluminescence, need for real-time positioning, deep-sea operations, large throughput from the detector

Pro: 40K calibration, better view of the galactic center, no bubbles/dust —> better angular resolution

Poster presented at Neutrino22

Improved angular res. for  shower-like events

Track Energy Resol. ~ 0.27 in   (10 TeV < Eμ < 10 PeV)log10(
Ereco

Eμ
) Shower (νx NC + νe CC) contained events above 50 TeV 

Energy Resol. < 5%

https://zenodo.org/record/6804829#.YzWpzOxBxTY
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 . ARCA2 + ORCA1 : atmospheric muon flux .       

μEur. Phys. J. C            (2020) 80:99 Page 7 of 11    99 

according to single hit and coincidence rates observed in
data. The PMT response is then simulated according to the
measured transit time distribution [17] and PMT parameters
(photon detection efficiency, gain and gain-spread). In this,
the PMT photon detection efficiencies can either be set to the
nominal value, or to the measured values using the calibra-
tion procedure described in Sect. 3. The software is designed
to produce a data format identical to the one produced by the
DAQ system. As a result, the same algorithms can be applied
independently on data and simulations.

6 Depth dependence of atmospheric muon flux

6.1 Optical background discrimination

The multi-PMT design of the DOM provides information
on the number of photons as well as on their arrival times
and directions. This information is used to discriminate
between the signals from atmospheric muons, biolumines-
cence and 40K backgrounds. The discriminating power is
mainly achieved by exploiting coincidences between differ-
ent PMTs in the same DOM. In this analysis, a coincidence is
defined as a sequence of hits in a DOM within a time window
of 15 ns. The number of hit PMTs in a coincidence is called
multiplicity.

In Fig. 5, the coincidence rates, averaged over the DOMs
of the ARCA2 and ORCA1 detectors respectively, are shown
as a function of the multiplicity. Only statistical uncertain-
ties are indicated. The random combinatorial background has
been subtracted and the times of the hits have been calibrated
as described in Sect. 3.

The contribution from 40K decays is dominant up to a
multiplicity of seven [18]. Conductivity measurements indi-
cate the salinity in seawater to be independent of depth and
detector site [19,20]. Due to the difference in the average
efficiency between the optical modules of the two detectors
(see Sect. 4), the 40K coincidence rates observed in ORCA1
are lower than the rates observed in ARCA2. This difference
is about 12% at multiplicity 2, which is consistent with a
quadratic dependence of the rate on the average PMT effi-
ciency.

Coincidences from atmospheric muons dominate at a mul-
tiplicity of eight and higher as muons and muon bundles can
potentially illuminate all the PMTs of a single DOM. The
ratio between ARCA2 and ORCA1 at high multiplicities
shows a factor three difference due to the different average
depths of the DOMs, which is around 2310 m for ORCA
and 3070 m for ARCA. In Fig. 6, the stability of the coin-
cidences rates in the multiplicity region dominated by atmo-
spheric muons is shown. Four ARCA2 DOMs lost one PMT
during the considered data taking, resulting in a decrease of
the respective rates. The data from the affected DOMs are
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Fig. 5 Top: coincidence rates as a function of the multiplicity for the
ORCA1 and ARCA2 detectors averaged over all the DOMs of each
detector. Bottom: ratio between ORCA1 and ARCA2 coincidence rates.
Up to a multiplicity of six, the coincidence rate is dominated by 40K
decays. Above a multiplicity of seven, atmospheric muons dominate.
Only statistical errors are shown
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Fig. 6 Rate of multiplicity ≥ 8 coincidences as a function of time
for the DOMs of the ARCA2 and ORCA1 detectors. Each point cor-
responds to one run and every colour to a single DOM. Vertical white
bands are periods without data-taking. The vertical black line in the bot-
tom plot represents the date at which the L1 data stream is downscaled
(see Sect. 4)

rejected in the following analysis when evaluating the muon
flux.

123

m ≥ 8

Atmospheric muons
Optical background


(40K decay)

Eur. Phys. J. C 80 (2020) 99 

• Single-DOM measurement


• Useful to validate the calibration process


• Results compared with ANTARES and Bugaev modelEur. Phys. J. C            (2020) 80:99 Page 9 of 11    99 

Fig. 9 Integrated atmospheric muon flux measured with the ORCA1
and ARCA2 detectors as a function of depth below the sea level (red
points). The systematic errors are displayed as light red shadowed areas.
The Bugaev model of the atmospheric muon flux is drawn with a dashed
black line (quoted errors are the grey shadowed area), see text for model
description. ANTARES data from [22] are included as blue points for
comparison (systematic errors are the light blue shadowed area). The
depth is expressed in water equivalent (w.e.). Statistical uncertainties
are included and smaller than markers

In Fig. 8, the efficiency-corrected coincidence rates are
shown in red. For the lowest six DOMs of ORCA1, the cor-
rection factor is larger than for ARCA2. This can be explained
by the lower efficiencies of the PMTs of ORCA1 (see Sect. 4).

6.3 Determination of the atmospheric muon flux

The efficiency-corrected rates are used in the following
to measure the atmospheric muon flux. The single DOM
response to atmospheric muons in terms of multiplicity ≥ 8
coincidences is quantified in terms of effective area. A dedi-
cated MUPAGE simulation, using an up-to-date PMT model
reflecting our best knowledge of the angular acceptance and
quantum efficiency is used to estimate the coincidence rates.
The effective area (Aef f ) is the ratio between the coincidence
rate measured by a simulated DOM and the muon flux esti-
mated at the boundary surface of the generation volume at
the same depth. From the simulation, the average value of the
effective area for multiplicity ≥ 8 coincidences is 96+5

−12 m2.
The uncertainty taken into account here will be discussed
in Sect. 6.4. The muon flux measurement is obtained by the
ratio between the corrected measured coincidence rates and
the DOM effective area. The flux as a function of the depth
expressed in metres of water equivalent is shown in Fig. 9. As
a comparison, the model from Bugaev et al. [21] is shown,
together with the ANTARES measurement previously pre-
sented in [22].

The angle-integrated flux as a function of depth for the
considered model has been calculated from the formulae pro-

vided in Ref. [23]. In order to compare with the data, the flux
model is here described with a simple analytic expression
in the form of a vertical flux Iµ(d , θ = 0) corrected with
a factor C(d ) that accounts for the angular integration. In
the depth range of interest, the resulting expression reads as
follows (where the water equivalent depth d accounts for the
density of seawater):

Iµ(d ) =
Iµ(d , θ = 0)

C(d )
= A1 · eA2·d + A3 · eA4·d

B1 + B2 · d
, (2)

A1 = 1.31 × 10−5cm−2 s−1 sr−1, A2 = −2.91 × 10−3 m−1,

A3 = 7.31 × 10−7cm−2 s−1 sr−1, A4 = −1.17 × 10−3 m−1,

B1 = 4.16 × 10−1 sr−1, B2 = 1.07 × 10−4m−1 sr−1.

In this, the Ai parameters define the depth dependence
of the vertical flux and the Bj parameters the integration
factor. This parameterisation is valid for a flux of muons
with energies above 1 GeV. From [23], a conservative error
of±8% is assumed on the parameterisation of the muon flux.

ANTARES and KM3NeT data are compatible with the
model within the systematic uncertainties. If the normalisa-
tion of the model is fitted to the data, the RMS of the differ-
ences between model and data is lower than 2%.

6.4 Evaluation of systematic uncertainties

The systematic error assigned to the muon flux measurement
is estimated from the uncertainties on the determined PMT
efficiencies, the knowledge of absorption length of light in
water and the DOM effective area used to calculate the muon
flux from the ≥ 8 multiplicity coincidence rate.

The uncertainty on the absolute PMT efficiency is esti-
mated from the comparison between the data and the nominal
DOM simulation introduced in Sect. 3. The mean difference
of the coincidence rates across all PMT pairs averages at
5%, including the effect of the Gaussian modeling of the
40K hit time difference distribution (Fig. 3). This value is
taken as the systematic uncertainty on the PMT efficiency
normalisation. From calibration studies, the uncertainty on
the relative efficiency of individual PMTs is assigned a sys-
tematic uncertainty at the 5% level. Conservatively, this error
is propagated to the overall DOM efficiency normalisation
and added in quadrature to the uncertainty on the absolute
PMT efficiency. The total effect of the uncertainties on the
PMT efficiency applied to the DOM coincidence rates is then
of 7%.

The effect of the estimated 10% uncertainty on the light
absorption length in water properties has been studied with a
dedicated simulation. The corresponding systematic uncer-
tainty on the measurement of the muon flux is 6%.

123

ORCA1 

Data-set

ARCA2

Data-set

http://:%20https://link.springer.com/article/10.1140/epjc/s10052-020-7629-z
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 . ARCA 6 - search for point sources .       

•𝑡𝑖𝑚𝑒-integrated Point Source search

•46 candidate sources -red circles - (6 are extended sources)

•Livetime: 92 days (May-Sep 2021)

•Binned likelihood search

Point source searches with ARCA

31

230
230

Some details:
v 45%6-integrated Point Source search
v 46 candidate sources [red circles]
v Detector: ARCA6
v Livetime: 92 days (May-Sep 2021)
v Δ8~1.3° (for 3($)

Result:
v No significant excess [as expected]
v Limits not (yet) competitive [as expected]
v Best source: Centaurus A (= = 0.02)

(radio galaxy; yellow arrow)

KM3NeT, ICHEP 2022

Astroparticle Physics 111 (2019), 100

• No significant excess — as expected

• Limits not (yet) competitive — as expected

• Smallest p-value: 𝑝 = 0.02  for Centaurus A      

(radio galaxy, yellow arrow) - compatible with background 

Poster P0745 @ Neutrino 22

IC (7y)

ARCA 2BB (7y)

ANTARES (13y)

ARCA 2BB (3y)

ARCA 6 (92 d)

https://zenodo.org/record/6805394
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 . Core collapse supernovae .       
Eur. Phys. J. C81 (2021) 445

ORCA 1 BB + ARCA 1BB

> 5σ for ARCA+ORCA for 
27M☉ at a distance < 25 kpc 

 
ARCA 21:  1/3 w.r.t. the above 

sensitivity

ARCA6+ORCA6 already sensitive to 60% of Galactic CCSNe (<11 kpc) 
Joint real time trigger operational for SNEWS since early 2019
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 . ARCA 6 : All sky and Galactic Ridge diffuse emission .       

GALACTIC RIDGE search - 101 days live-time. 
ON-OFF analysis 
• ON region: |Lgal| < 40˚ and |bgal| < 3˚  
• OFF region: shift in time of the ON region, no FermiBubbles 

Simulated signal flux:  
  [GeV-1 cm-2 s-1 sr-1 ]  
 

NO statistically significant excess found  
Upper limit (UL) :  [GeV-1 cm-2 s-1 sr-1] 

1.2 × 10−8 (E/GeV )−2.4

6.2 × 10−4

Simulated signal flux from IceCube (ICRC 2019) :  
1.44  (E/100 TeV)  [GeV  cm  s  sr ] 

 
Obtained sensitivity for the corresponding flux : 

 17.3  [GeV  cm  s  sr ] 

× 10−18 −2.28 −1 −2 −1 −1

× 10−18 −1 −2 −1 −1

Poster P0173 @ Neutrino22 

Galactic ridge search

All sky search
Privileged position of the KM3NeT detectors, looking at the 
Southern sky, and at the Galactic Centre

ALL SKY search 101 days live-time 
Multi-variate (BDT) technique adopted 

https://zenodo.org/record/6767724#.Yx-cBy2ub-Y
https://zenodo.org/record/6767724#.Yx-cBy2ub-Y
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ON - OFF technique used 
• ON region: circular region with optimized ROI  
• OFF region: declination band of 10 standard time-

window of 1 day.  
 
E-2 spectrum assumed Selection of up-going events

Up to now followed-up IC alerts:  
• IC211208A (±1 day),  
• IC211208A (31 days),  
• IC220205B (±1 day), 
• IC220225A (±1 day),  
• IC220304A (±1 day)

PKS0735+17 
also enlarged time window of 1 month  
No significant discovery  
Only 1 event found in the 1 month search with E 18 TeV with associated p-value: 0.14

These analyses were performed off-line, 
They will be realised on-line within the Multi Messenger program

 . ARCA 8 - ORCA 10 : IceCube alert follow-ups .       

de
c 

[d
eg

]

ra [deg]
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 . MultiMessenger Framework .       
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 . ORCA 6: neutrino oscillation .       
KM3NeT/ORCA Neutrino Oscillation Results

21

PoS NuFact2021 (2022) 064

Oscillation fit, binned in Ereco, θzenith
Normalization left free, various systematics on
flux, energy scale, tau- and NC normalization
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KM3NeT - ORCA6 
13 months  data taking

Significance = 4.2 σ 
Angular resolution = 0.49°+/-0.15°

 . ORCA 6: Moon shadow .       

Moon-sun joint paper under finalisation - Ongoing the same analysis for ARCA => towards automatic performance checks

Significance > 6 σ 
Angular resolution = 0.8°+/-0.14°

Preliminary
Preliminary
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 . ARCA 19 first look to data .       

From ARCA 8  to ARCA 19 (June ’22)  and then ARCA 21 (September ‘22)  
Data have started to be analyzed soon after the end of the commissioning phase

New exciting results soon with ARCA 21 and so on…

ARCA 19

ARCA 19
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 . Detection Unit Deployment .       
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 . Conclusions .       

•KM3NeT is active and taking data! 

•Detector performance as good as expected. First science preliminary results (here 
shown only a selection).  

•ORCA currently taking data with 11 lines. 
~10 more lines ready for deployment late 2022, early 2023.  

✦Funding assured, procurement and construction in progress, for ~50 strings.  

•ARCA currently taking data with 21 lines. 

✦Funding assured, procurement and construction in progress, for ~130 strings.  

•Detector mass production in regime stage. Production rate will increase in the next 
years 

•Interesting physics results and intense Multi-messenger program in the next years!



Thanks for your attention !

Email: tommaso.chiarusi@bo.infn.it
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Observium

24

 . DAQ general sketch and used technologies .  .       

JSON

White Rabbit

Openflow

python

Slow Control Data 

(Commands and 
instrument data)

DataBase 
(Italy and 
France)

Local 
Storage

Trigger and Data Acquisition  
System 
(TriDAS)

Detector: 
DOM/Bases

Off-shore On-shore 
(shore station facility)

Control Unit 
(CU)

Fast Acquisition 
Data - FAD 

(Optical, Acoustic 
Monitoring) CNAF 

(Bologna - 
Italy)

Monitoring and  
On-line Multi-Messenger 

services

Remote facilities

CC-Lyon 
(France)

Time Sync 
Data 

White Rabbit PTP 
(WR)

GPS

All FAD 
 to shore

Incoming  
all FAD Selected  

FAD

RAW 
LAN 

Hybrid-Asym.

WR-Ethernet 

1-10-25GbE


UDP/IP

Class A


CTL 
LAN 

Std. Ethernet

 1-2 GbE

TCP/IP

Class C

FLTR 
LAN 

10-25GbE

TCP/IP

Class B


External  
Links 
10 GbE

TCP/IP

Class C


CU details in  
Cristiano Bozza’s talk
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 . ARCA Shore station “Broadcast scenario” .       

White Rabbit switch sector
Optical sector


(mux/demux/amplifier)

DOM Front End 

Switch sectors

JB2 rack 
(12 DUs)

JB1 rack 
(8 DUs)

JB3 rack 
(12 DUs)

ARCA shore station
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 . Slide Title .       
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 . ORCA 6: neutrino oscillation .       

• Selection based on track signature: mostly νμ 

• Background: atmospheric muons

• Selection: vertex position, track fit quality, 

upgoing tracks 


• 1237 𝝼 candidates in 354.6 days, S/B~40 

• Oscillation fit, binned in Ereco, θzenith 


• Normalization left free, various 
systematics on flux, energy scale, 
tau- and NC normalization 

KM3NeT/ORCA Neutrino Oscillation Results

21

PoS NuFact2021 (2022) 064

Oscillation fit, binned in Ereco, θzenith
Normalization left free, various systematics on
flux, energy scale, tau- and NC normalization
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 . ARCA construction phase .       
ARCA20-ARCA21

KM3NeT-ARCA: Construction phase

4

electrical problem in 
seabed infrastructure 

upgrade of the 
shore station

2016 2017 2019 2020 2021

reconstructed event display 

A.Sinopoulou – INPP “Demokritos” & NTUA – ICRC 2021

ARCA 6 DUs

Current ARCA : 6 DUs 
1st ARCA Sector : 32 DUs

*Reminder:
Full Building Block : 115 DUs
Full ARCA detector : 230 DUs
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