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Summary

• Science case - Neutrino astronomy and marine sciences

• Technical design - Telescope components and detection units

• Detector performance - Sensitivity studies

• Future perspectives and plans
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History of KM3NeT until now
• KM3NeT consortium: 40 European institutes from 10 countries.

• Antares, Nemo and Nestor synergy in KM3NeT.

• 2006: Selected as one of 35 priority research infrastructures by the European 
Strategy Forum of Research Infrastructures (ESFRI) panel.

• 2006-2009: Design Study project co-funded under the 6th EC Framework 
Programme                    Technical Design Report (available on internet).

• March 2008-February 2012: Preparatory Phase co-funded under the 7th EC 
Framework Programme.

• Today: An instrumented volume larger than 5 km3 is anticipated, Technical design 
has converged, Pre-Production models are being built, a distributed telescope 
network with remote operation is anticipated, funds to start construction are 
being requested.

• Aim: Building a deep-sea research infrastructure in the Mediterranean Sea hosting 
a km3-scale neutrino telescope and dedicated instruments for long-term and 
continuous measurements in earth and sea sciences.
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Science case

• Multi-messenger astronomy to extend our knowledge of the Universe.

• Probe the existence of astrophysical ν sources.

• Point sources search (optimised in the 1 TeV-1PeV range):
➡ Galactic candidate ν sources (SNRs, micro-quasars, Fermi bubbles, unidentified 

TeV γ-ray sources);
➡ Extragalactic candidate ν sources (GRB, AGN);
➡ Unexpected ν sources (neutrinos can escape dense environments).

• Diffuse neutrino fluxes (collisions of cosmic rays with interstellar matter).

• Dark matter, neutrino oscillations, exotics phenomena.
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Detection Principle
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Science case (Sea sciences)

• Cabled deep sea observatory for marine and earth sciences.

• Provide real time data acquisition and enable the collection of data at a larger 
sampling rate than the ones presently available (major limitations of autonomous 
measuring systems: data storage and battery capacity).

• Overall duration of at least ten years.



Sky coverage for KM3NeT

• KM3NeT observes a large part of the sky (~3.5π sr) – Galactic Plane most of the time.

• KM3NeT complements the IceCube field of view.

γ-ray sources

galactic coordinates

Up-going neutrinos
⇒ southern hemisphere

100% visibility up to 
about δ= -50° in the 
Mediterranean Sea
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Candidate sites
• Three candidate sites:

➡ Toulon (France)

➡ Capo Passero (Italy)

➡ Pylos (Greece)

• Sites have been 
characterised by long term 
measurement of optical, 
geophysical and 
oceanographic properties.

• Opportunity for a network 
of neutrino telescopes with 
remote operation.
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Technical design

Primary Junction box Secondary Junction boxes 

Detection Units 

Electro-optical cable 

!  KM3NeT in numbers 
(full detector) 
! ~300 DU 
!  20 storey/DU 
! ~ 40m storey spacing 
! ~1 km DU height 
! ~180m DU distance 
! ~ 5 km3 volume 

Detection Unit (DU): semi-rigid mechanical structure composed of horizontal 
elements (storeys), anchored on the seabed and kept vertical by a buoy located 
on the top. Equipped with Optical Modules, environmental sensors, electronics...

Digital Optical 
Modules (DOM): 

glass sphere 
containing PMTs.
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Experience gained with ANTARES, NEMO and NESTOR pilot projects.
~300 DU needed to achieve the required sensitivity. Overall investment ~250 M€.

KM3NeT can be built in independent “building blocks”.
~4 M€/year including electricity, computing, data centre and management.

From the Design Study to the 
Preparatory Phase

TDR

Preparatory Phase: technical design has converged.
Facilitate the process of site selection, legal issues and financial arrangements.

Choose the appropriate legal form and governance model.
Compare the physics performance, technological implications and time-scale issues.

Now a unique design defined in almost all its aspects.
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Detection Unit (DU)
• Compact package – deployment – self-unfurling.

• Connection to cable network trough the use of remotely operated vehicles 
(ROV.)

The packed flexible tower Spherical deployment structure for string 
with multi-PMT OM 

Successful deployment test in Feb 2010  Successful deployment test in Dec 2009  

Spherical deployment structure for string 
with DOM
Successful deployment test in Dec 2009 
and Jan 2011



Digital Optical Module (DOM)

• 31 PMTs of 3’’ housed in a 17’’ glass 
sphere.

• Full prototype under test (deployment 
planned beginning 2012).

• Several advantages:

➡ Distinguish single-photon from multi-
photon hits;

➡ Total photocathode surface 1260 cm2;

➡ A single PMT loss minimally degrades 
the performances.
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6 m
 

Mechanical Cable Connection 

Rope & Cable Storage 

Rope Storage 

Bar Frame 

Optical Module 

Mechanical Interface 

DOMBAR - the Storey

DOMBAR 6 m long with 2 multi-PMT OM (DOM)
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DOMTOWER

Backbone 

Storey 
6 m long 

20 storeys 
@ 40 m 

Anchor 

DOMTOWER: 20 storey, 40 m spacing

• Compact packaging
• Integration in various production sites
• “Easy” to be deployed
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Detector performances
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The cumulative point spread function, after quality cuts, is shown in the right panel of Figure 6-8. The telescope has a superb 

angular resolution; indeed about 70% of selected events lie within 0.2° of the neutrino direction.
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The observation of point-like sources of neutrinos would bring unique new insights on the nature of cosmic accelerators and 

resolve the enigma of the origin of cosmic rays which has been a mystery for the 100 years since their discovery. Observations 

by gamma ray telescopes have revealed many astrophysical objects, in which high-energy processes at and beyond the TeV 

level take place (see Figure 6-9); however, measurements with gamma rays alone cannot clearly distinguish whether the ac-

celerated particles are leptons or hadrons. Only the observation of neutrinos from a source can unambiguously establish the 

hadronic nature of that source. Supernova remnants (SNR) of the shell type are the most probable sources of cosmic rays in 

the Galaxy. The material ejected during the explosion forms shock waves when it propagates into the interstellar matter. Par-

ticles are assumed to be accelerated in these shock waves, which can persist for several thousand years. The shell-type SNRs 

with the most intense gamma rays fluxes measured beyond 10 TeV are RX J0852.0-4622 (Vela Junior) and RX J1713.7-3946.

Figure 6-7:  Neutrino effective areas for the full detector. The plot 

is for up-going neutrinos. The red dots are after quality cuts opti-

mised for searches for point-like neutrino sources and the black 

squares are for looser quality cuts ensuring reasonable angular 

resolution.

Figure 6-8: Left panel: Median of the distribution of the angle  between the neutrino and the reconstructed muon track 

(red points). The blue line is the median of the intrinsic angle between neutrino and muon directions, driven by the dynamics of 

deep-inelastic neutrino-nucleon scattering and kinematics. Right panel: Cumulative point spread function for an energy spectrum 

according to E -2, after quality cuts applied, i.e. the fraction of events with  less than a given value.
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Angle between the neutrino and 
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and induced muon
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Sensitivity and discovery potential
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The sensitivity of the detector to neutrino point sources, based on one year of data, is shown in Figure 6-10 as a function of 

the declination. The detector performance is presented as the flux that can be excluded at 90% CL (flux sensitivity) and the 

flux that can be detected at 5  with 50% probability (discovery flux). This calculation assumes a neutrino energy spectrum 

proportional to E-2. For comparison, the plot also shows the flux sensitivity of IceCube [2] (using an unbinned method and 

a reconstruction algorithm that exploits energy-related information) and the IceCube discovery flux . The latter has been 

extrapolated from the flux sensitivity using a factor of 2.5 to 3.5 which is based on the corresponding ratio for the IceCube 

40-string configuration[76]. The differences in shape of the sensitivity curves for KM3NeT and IceCube are caused by the dif-

ferent geographic location, the effect of neutrino absorption in the Earth and the different detector responses as a function of 

zenith angle. The use of an unbinned method is expected to give an improvement in the KM3NeT sensitivity of about 40%.

From Figure 6-10 it can be seen that the KM3NeT sensitivity is better than that of IceCube over the full range of declinations, 

even those in the northern sky which is the central field of view from the South Pole. For the southern sky, which is best 

viewed from the Mediterranean Sea, KM3NeT will have a sensitivity nearly two orders of magnitude better than that of the 

current instruments, Baikal and ANTARES, whose sensitivity curves fall outside the limits of the figure. To illustrate the impor-

tance of this region of the sky, the positions in declination of the Galactic sources indicated in Figure 6-9 are shown.

The sensitivity as a function of the observation time is shown in Figure 6-11.

Many of the Galactic TeV gamma sources shown in Figure 6-9, and in particular the supernova remnants, have an angular size 

larger than the resolution of the neutrino telescope. For the search for such extended sources a study has been made of the 

impact of the source size on the sensitivity. Since these sources are in general expected to have a cut-off in their energy spec-

tra at some TeV to some 10 TeV, a neutrino flux proportional to !"#$ !"#$%!/&'(!)) has been assumed. The result of this study, 

shown in Figure 6-12, indicates that the sensitivity is reduced by a factor of about 2 for typical source diameters of 1°.

Figure 6-10: Sensitivity of the full KM3NeT detector to neutrino point sources with an E -2 spectrum for one year of observation, as a 

function of the source declination. The red lines indicate the flux sensitivity (90% CL;full line) and the discovery flux(5 , 50% prob-

ability; dashed line). Both are estimated with the binned analysis method. The black line is the IceCube flux sensitivity for one year, 

estimated with the unbinned method [2] (full line). IceCube’s discovery flux (5 , 50% probability) is also indicated (shaded band, 

spanning a factor 2.5 to 3.5 above the flux sensitivity). The red ticks at the bottom of the horizontal axis show the positions of Galac-

tic gamma ray sources [3]; the position of the Galactic Centre is indicated by a blue star.

Sensitivity and discovery fluxes for 
point-like sources with E-2 spectrum 

after 1 year of data taking as a 
function of the source declination.

KM3NeT sensitivity 90%CL

KM3NeT discovery 5σ 50%
IceCube sensitivity 90%CL

IceCube discovery 5σ 50% 
2.5÷3.5 above sensitivity flux 
(extrapolation from IC-40)  | = Observed Galactic TeV γ-sources

       (SNR, unidentified, micro-quasars)
★ = Galactic Centre

F. Aharonian et al. Rep. Prog. Phys. (2008)



Future perspectives

• After the Preparatory Phase, the consortium will continue the 
construction and installation of prototypes of the detection unit.

• Prepare a Memorandum of Understanding (MoU) to form the 
KM3NeT Collaboration for the realisation of the research facility.

KM3NeT  KM3NeT: Technical Design Report
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Figure 3 1: The three design options for the detection unit mechanical structures. The vertical separation of storeys is not to scale. 

The bar (a) has a horizontal extension of 6 m and incorporates 6 optical modules and an electronics container. The string (b) has a 

storey comprised of a single multi PMT optical module. The triangle (c) has 6 optical modules arranged in pairs, placed at a distance 

of 1.1 m from the centre.
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KM3NeT time schedule

Construction Phase can start rapidly following site decision and 
commencement of funding.

Exact definition of the legal and governance structure: a task running 
beyond the EU-funded preparatory phase.



Conclusions
• The scientific promise of KM3NeT is in the realm of genuine discoveries.

• KM3NeT will be the ν telescope with the best sensitivity. Galactic Centre in its 
field of view: several candidate ν sources.

• Preparatory Phase is close to the end. Final design and prototyping activities in 
progress.

• High-priority definitions of technology achieved.

• Technological solutions developed by KM3NeT provide a unique opportunity for 
deep-sea sciences allowing long-term, realtime data taking.

• MoU after Preparatory Phase to form the KM3NeT Collaboration immanent.
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