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Abstract: The KM3NeT project is aiming to produce the most sensitive neutrino telescope ever built. Its envisaged 
location in the deep Mediterranean Sea optimizes the sensitivity for neutrino sources near the Galactic centre. During 
the past year a number of major decisions have been made on technical implementations. We have adopted an optical 
module (DOM) configuration housing many small photomultipliers rather than earlier traditional designs having a 
single large PMT. The readout electronics is incorporated into this digital optical module. The site-to-shore commu-
nication is provided by an electro-optical cable allowing unique colour point-to-point communication between each 
DOM and the shore station readout system. Each mechanical supporting structure consists of twenty 6 m long bars 
with a DOM at each end. The bars have a vertical separation of 40 m giving the full structure a height of around 900 
m. The foreseen budget allows for construction of about 300 of such structural units. Together they will create an in-
strumented volume of between 5 and 8 km3. The sensitivity to point sources near the Galactic centre surpasses that of 
any other telescope by two orders of magnitude. 
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1 Introduction 
 
Detecting high energy neutrinos from sources in the 
cosmos indicates the unambiguous presence of charged 
pion production. This process is necessarily accompanied 
by production of neutral pions which through their decay 
generate photons. But whereas high energy photons can 
also be produced by the energy boosting process of in-
verse Compton scattering the only process for producing 
charged pions is that of the interaction of high energy 
protons with either matter (i.e. other protons) or photons. 
Neutrinos therefore act as a marker for the presence of 
high energy protons in astrophysical objects. These ob-
jects would then be candidates of the sought-after sites 
producing the ultra high energy cosmic rays that bom-
bard our atmosphere.  
A neutrino telescope works mainly on the principle of 
detecting particles formed in the interaction of neutrinos 
with the seawater or the nearby rock of the seabed. The 
interaction products, most notably the muon formed in 
the interaction of a muon-neutrino, travel at a velocity 
exceeding the speed of light in water and therefore emit 
Cherenkov light along their path length.  The excellent 
transparency of the sea water allows for this light to be 
detected at distances exceeding 100 m from the muon 
track. The telescope therefore is in principle a three di-
mensional array of photo-sensors distributed sparsely 

over a large volume of sea water. Using the expected 
time-space correlations of the detected light, the muon 
track can be reconstructed and its direction determined. 
Major backgrounds are expected from the interaction of 
cosmic rays in our atmosphere, which produce large 
fluxes of high energy muons traversing the detector from 
above. Therefore the telescopes are most sensitive to the 
neutrinos that traverse the Earth and are registered as 
upward going neutrinos. As a consequence the position 
on Earth defines, to a large extent, to which part of the 
sky the telescope is sensitive. Telescopes in the northern 
hemisphere are predominantly sensitive to the southern 
sky, which contains the Galactic centre. This area, that 
contains many sources of high energy photons [1], is 
therefore a prime objective for the KM3NeT detector, the 
new telescope network to be built on the bottom of the 
Mediterranean Sea.  

2  Technical design  
In designing a detector to be placed at the bottom of an 
ocean there are several difficulties that must be addressed: 
� the ambient hydrostatic pressure; 
� the corrosive environment of the seawater; 
� the distance from shore for the communication; 
� the force on the structure due to the sea currents; 
� the backgrounds due to downward going muons;  
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� the backgrounds due to 40K decay. 
For the physical process of detecting neutrinos from 
sources near the Galactic centre there are additional re-
quirements  
� optimal angular resolution of the reconstructed muon; 
combined with a  
� large sensitive area facing the Galactic centre. 
 
This led during the KM3NeT design study1 to an investi-
gation of many feasible designs, which have been studied 
in detail. In 2010, during the preparatory phase, this led 
to a decision on the optimal technical design. 

2.1 Optical Modules 
The sensors are housed in commonly used deep-sea glass 
spheres. In order to address the backgrounds from 40K the 
module must be able to separate multiple photons (most 
likely signal) from single photons (most likely potassium 
background) with high efficiency and purity. To provide 
an efficient measurement of the atmospheric muon back-
ground the efficiency of the module is made as uniform 
in angle as possible. Finally to reduce the number of high 
pressure feed-throughs as large a photo-sensitive area as 
possible is put in a single sphere. This led to the design 
[2] shown in Figure 1. The major optical component is a 
photomultiplier of 76 mm diameter, surrounded by a 90 
mm diameter light concentrator ring [3]. A custom low 
power (<45 mW) Cockroft-Walton base [4] provides the 
high voltage for the photomultiplier. It includes an ampli-
fier-discriminator [5] on the output. This allows for the 
photomultipliers to be run at lower gain (~106), to reduce 
the collected anode charge over the lifetime of the ex-
periment, and implements directly a time-over-threshold 
readout of the PMTs. 
The spheres house 31 of these tubes (19 in the lower 
hemisphere and 12 in the upper). Following the IceCube 
example, all digitizing and readout electronics is also 
housed in this KM3NeT digital optical module (DOM). 
Finally the DOM also has instrumentation that allows for 
the reconstruction of the position (acoustic piezo) [6], 
determination of the orientation (compass and tilt meter) 
and calibration of the timing (“nano-beacon”) [7]  
The prototyping of the module was performed with the 
XP53X2B photomultiplier of Photonis2 . Unfortunately 
the manufacture of photomultipliers ceased at Photonis in 
2009. In the meantime four manufacturers 3  have ex-
pressed interest in the production of the photomultiplier 
tubes. Some of them have already produced prototypes 
that are close to or pass specification [8]. The delivery of 
a sufficient number for assembly of several prototypes is 
expected by the end of August. These prototypes will be 
used for lab tests short term in-situ tests on the prototype 
mechanical structure and in long-term tests in the 
ANTARES detector.  

                                                           
1 European Union: FP6 – 011937/FP7 – 21225  
2 Photonis SA, Brive la Gaillarde, France 
3 ET Enterprises Ltd, Riverside Way, Uxbridge, U.K.; 
Hamamatsu Photonics K.K, Japan;  
Zhan Chuang Photonics, Hainan, China;  
MELZ-EVP, Zelenograd Moscow, Russia 

The electronics necessary for the readout of the DOM is 
based on an FPGA. At present it is being investigated if 
the FPGA can incorporate the “time-stamping” of the 
signal. Alternatively an external timing chip can be used. 
The FPGA also controls the photomultiplier high volt-
ages and the additional sensors in the DOM. 
 

 

Figure 1: The KM3NeT DOM showing the photomulti-
pliers with the light concentrator rings, the foam support, 
the aluminium cooling structure and the blanked cable 
feed-through. 

 
Figure 2: Layout of the horizontal structure. The two 
DOMs are placed at either end of the 6m structure. The 
coils of readout cable (A) and rope handling drums (B) 
are indicated. The exact shape of the central buoy is 
being optimized. 

2.2 Mechanical support structure 
The sensors must be distributed over a large volume of 
seawater and to that end are supported on narrow vertical 
structures that are weighted down on the seabed by an 
anchor and held vertical with the aid of a buoy at the top 
of the structure. For the performance of the detector, it 
turns out to be advantageous to have a horizontal exten-
sion to the structure. This allows for more efficient trig-
gering and an increase of efficiency for low energy neu-
trinos and a reduction of ambiguities in the tracking. The 
size of the horizontal extent is of course a compromise in 
performance and ease of handling of the structure during 
assembly and deployment on the seabed. These consid-
erations have led to a structure of 6 m length with a 
DOM positioned at each end (a storey, shown in Figure 
2).  Twenty of such storeys are then suspended, alter-
nately perpendicular, from four 5 mm Dyneema® ropes 
with an inter-storey distance of 40 m. The active storeys 
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start at 100 m from the seabed, so that the total height of 
the structure (a tower) is 860 m. Two cables, carrying 
optical fibres for the readout and conductors for the 
power, run the length of the structure.  For the deploy-
ment a full tower is brought as a single package to the 
seabed. The buoy is released and the storeys are drawn 
from the package one-by-one. During this process the 
ropes held taut by unwinding them from braked synchro-
nized drums. The readout cables are stored, spiralled 
around two of the ropes. The strorey includes just suffi-
cient buoyancy to stabilize the structure during unfurling, 
while still allowing for a controlled release of each storey. 
Hydrodynamic calculations have shown that the structure 
can be held vertical within 150 m (top displacement) in 
sea currents of up to 30 cm per second. At present a full 
set of prototype structures are being manufactured for 
test deployments in the coming year.  
 

 
Figure 3: The fibre optic network showing lasers a on the 
shore, the amplifiers at the end of the main cable, the 
DWDM systems and the timing circuitry. 
 

2.3 Readout technology 
To allow for the data selection to take place in a com-
puter farm on shore, where the data of the full detector 
are brought together, the connection from the telescope 
to the shore must have a high bandwidth. Taking into 
account the counting rate induced by the 40K background 
and the overall size of the detector, this leads to a transfer 
rate of several hundred gigabits per second. Therefore the 
readout technology uses optical fibres. The scheme uses 
dense wavelength division multiplexing (DWDM) to 
provide up to 80 readout channels (wavelengths) per 
optical fibre running from telescope to shore [9]. Each 
DOM will have its own optical channel directly to shore. 
All communications lasers will be housed on shore and 
are of the continuous wave type. These carrier waves are 
amplified in the deep sea and split such that  individual 
wavelengths are sent, on one downlink fibre, to each 
tower. There the wavelengths are split into separate fi-
bres that each run to a DOM. At the DOM the carrier 
wave is modulated with the data from the photomultipli-
ers and reflected back using reflective electro-absorption 
modulators (REAM)4. The data from all DOM fibres are 
collected and multiplexed then transferred via a downlink 
fibre to shore. Because of the reflection at the DOM it is 
possible to incorporate a system to measure the time 

                                                           
4 CIP Technologies, Ipswich, U.K. 

delay incurred by the signals in the transport to shore. A 
schematic of the full system is shown in Figure 3. The 
system has been lab-tested and industry standard bit-error 
rates have been achieved for transfers over 100 km of 
fibre. The timing accuracy has been measured to be bet-
ter than 50 ps.  
A system using partial modulation of the downlink car-
rier signal provides a method for the control of the DOM 
high voltages and instrumentation. 
 

2.4 Telescope layout 
In the KM3NeT technical design report [8] the sensitivity 
to different physics channels has been investigated. Most 
notably the sensitivity to the sources of TeV photons, 
published by the H.E.S.S. collaboration, has been studied. 
To this end a “standard” telescope layout was introduced 
consisting of 157 towers arranged in a hexagon. The full 
telescope would then consist of two such building blocks. 
More recently it has been noticed that the sensitivity 
improves slightly when the towers are distributed over a 
larger number of smaller building blocks. The reason is 
that the angular resolution does not improve anymore 
when the tracklength extends beyond about a kilometre, 
whereas the effective volume of the telescope is merely 
the product of the range of the produced muon and the 
surface subtended perpendicular to the direction being 
investigated. The latter is larger when the same number 
of towers is distributed over smaller blocks. Presently we 
are investigating a telescope consisting of the total of 320 
towers distributed in a network of five or six smaller 
blocks each containing around 50 to 60 towers. To en-
hance the detection of neutrinos with very high energies 
(>500 TeV) the option is being investigated, where the 
towers of one of these building blocks are distributed in a 
sparse configuration with the towers separated by several  
hundred meters to cover an area of  more than ten square 
kilometers.Technically the separation of the telescope 
into a network of more, smaller, building blocks is also 
advantageous as power distribution  becomes simpler. 
The impact of possible failures are reduced and con-
tained within these smaller blocks.  

3 Physics sensitivity 
The final layout of the detector depends on many pa-
rameters. The distance between structures, the size of the 
building blocks, water absorption and scattering lengths, 
trigger and tracking strategies to suppress backgrounds, 
the risks the different layouts imply, while always keep-
ing in mind that deployment should not be compromised 
and the power distribution can be done with as low 
power loss as possible. The consortium is performing a 
systematic simulation study in order to optimize the 
sensitivity specifically for Galactic sources with realistic 
energy spectra and to identify the parameters that have 
the largest impact on the sensitivity. It is already clear 
that the sensitivity will improve over what was presented 
in the KM3NeT technical design report. The studies are 
on-going and the final sensitivity has not yet been fully 
optimized. Therefore Figure 4 shows the guaranteed 
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sensitivity. The sensitivity for point sources is compared 
to that of IceCube. Several things should be noted. The 
sensitivity is much more uniform in declination than that 
of IceCube, which is due to the position on and the rota-
tion of the Earth. KM3NeT outperforms IceCube at the 
declination of its best sensitivity even though that point is 
only below the horizon 15% of the time. The KM3NeT 
sensitivity is conservative as it is estimated using a 
binned method rather than the unbinned method used by 
IceCube. The use of an unbinned method requires a care-
ful study of the effects of backgrounds on the point 
spread function of the tracks, and therefore only makes 
sense for data. The use of this method typically improves 
sensitivity by about a factor two. The Galactic centre and 
the H.E.S.S. sources are all covered with a sensitivity 
two orders of magnitude better than any other detector. If 
the high energy gamma rays from these sources are sub-
stantially due to the pions then the sensitivity of 
KM3NeT is sufficient to observe a 3� signal in a few 
years of running. 
 

 

Figure 4: Sensitivity of the KM3NeT 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 (5σ , 50% probability; dashed line). Both 
are estimated with the binned analysis method. The black 
line is the IceCube flux sensitivity for one year, esti-
mated with the unbinned method (full line) [10]. 
IceCube’s discovery flux (5σ , 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 Galactic gamma 
ray sources the position of the Galactic Centre is indi-
cated by a blue star. 

4 Conclusions 
The technical design of the KM3NeT detector has been 
optimised and prototype construction is beginning in 
order to validate all elements of the design. The telescope 
will have a sensitivity sufficient to observe neutrino 
production in Galactic sources.  
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