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Abstract

The “HEllenic LYceum Cosmic Observatories Network” (helycon) collaboration is constructing a network of detector
stations dedicated to the study of Extensive Air Showers. The use of helycon detectors is also envisaged for the
calibration of a cubic kilometer scale Mediterranean neutrino telescope by means of an array of these detectors at the
sea surface. The antares framework is well-suited to perform a first test of the principle: a feasibility study is on-
going and a test in real conditions is foreseen. In this paper the requirements for evaluating the calibration potential
of a surface array in the antares context are discussed.
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1. Introduction

Since June 2008 the antares detector is com-
plete, gathering 12 lines equipped with a total of
885 Photomultiplier Tubes (pmt). The apparatus
is located in the Mediterranean Sea, at a depth
of 2475 m, 40 km off Toulon [1]. The detection of
the Cherenkov light emitted along muons tracks
enables antares to reconstruct the trajectory of
these particles. In case of muons produced by up-
going neutrinos the expected good angular resolu-
tion of antares will allow neutrino astronomy. The
antares lines are kept vertical by means of a dead
weight at their bottom and a buoy at their top [2]. A
positioning system combining compasses, tiltmeters
and acoustic measurements allows to determine the
position of the Optical Modules with a precision of
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10 cm (0.5 ns). Dedicated electronics for the read-
out of the pmts and the good optical properties of
the sea water lead to a global time resolution of 2
ns in the measurement of the Cherenkov photon
arrival time. Several methods are used to perform
the monitoring and the calibration of the time and
the charge: laser and led flashers [3], 40K decay
induced Cerenkov light, measurement of the single
photoelectron peak and of the pedestals.

The angular resolution for up-going neutrinos is
expected to be 0.3◦ for Eν > 10 TeV. As a neu-
trino telescope cannot use standard candels to test
its absolute pointing, the absolute zenith given by
antares will be inferred from the knowledge of the
position of all its parts.

In this paper we discuss the possibility to perform
an independant measurement of the absolute direc-
tion given by the telescope, using an array of scin-
tillators floating at the sea surface and positioned
with gps. This idea was previously developped in the
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km3net framework [4][5]. antares is well suited to
test the potential of this method. Using Monte Carlo
simulations, we will show how the surface array mea-
surements could constrain the absolute zenith angle
measured for down-going events initiated by high
energy cosmic primaries.

2. helycon detectors and km3net calibration

The helycon: HEllenic LYceum Cosmic Obser-
vatories Network [5], collaboration is constructing
an Extensive Air Shower (eas) detector array con-
sisting of several detector stations distributed over
extended geographical areas in Western Greece and
surrounding islands. Each station is equipped with
three or four large plastic scintillation counters pro-
viding each an effective area of 1 m2. Each station
also includes a Global Positioning System (gps) de-
vice, trigger and digitization electronics, slow con-
trol electronics and a computer based data acqui-
sition system. The stations will be mounted on the
roofs of high-school and university buildings whilst
the time synchronization between the detector sta-
tions will rely on the gps time. The main goal of the
project is to contribute to the study of time and di-
rectional correlations between cosmic ray activities
over large distances.

In addition, a floating array of helycon detectors
could be used as a sea-top calibration infrastructure
for a deep sea neutrino telescope, like the one under
design by the km3net consortium. Indeed, at least
35% of the cosmic showers initiated by primaries
in the energy range 100 TeV-5 PeV contain ener-
getic muons able to penetrate 2500 m to 4000 m of
sea water. The comparison of the muon track recon-
structed by the telescope with the direction and the
impact of the shower axis reconstructed by the sur-
face array can be used in order to reveal systematic
angular errors in the determination of the track pa-
rameters by the neutrino telescope and provide an
absolute positioning of the undersea detector.

3. antares implementation

A first test of helycon detectors used as a sea-top
calibration infrastructure could be performed in the
antares framework. Since June 2008, antares is
complete with 12 lines. A reduced setup of helycon

detectors located on a platform dragged by a boat,
or on the boat itself, could be tested to evaluate
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Fig. 1. One of the 4 surface array setups tested using Monte
Carlo Simulations: on each side of the boat 4 scintillators
are fixed, the 2 last scintillators being located on the deck

the rate of events detected by both antares and
the surface array. The comparison event by event
will then give an estimate of the possible systematic
angular errors.

We have performed Monte Carlo simulations to
study the potential of 4 surface array setups: one of
them is shown figure 1. Two locations are tested for
each of these 4 setups: just above the antares de-
tector and 1 km away from the centre of the detec-
tor.

The steps of the simulation are the following:

1 Simulation with corsika [6] of atmospheric show-
ers initiated by protons of energy ranging between
100 TeV and 5 PeV,

2 Simulation of the surface array measurements and
reconstruction of the shower axis,

3 Propagation of the muons towards the antares

detector,
4 Simulation of the detection by antares and re-

construction of a track [7], assuming an optical
background of 60 kHz per om,

5 Event by event comparison to study the difference
between the track parameters and the surface ar-
ray measurements.

The different setups which have been simulated
contain 9 to 16 scintillators, with a maximal lever
arm of 20 to 30 meters. The intrinsic time resolution
for one scintillator is 2 ns if we require an energy
deposit greater than 4 mips. The resulting resolution
on the zenith angle of the shower axis is 3◦rms in
the studied setups.

The counting rate of a single scintillator has been
measured in the laboratory and reaches 1.5 Hz.
When we require 3 scintillators in order to be able
to perform the shower axis reconstruction, the event
rate is expected to be of the order of 3 per minute.
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The performed simulations cover 5 days of atmo-
spheric showers: in the following lines we consider
a sea campaign of 5 days, and we give the results
which could be achieved in such a campaign.

Figure 2 shows an event by event comparison be-
tween the zenith angle θ of the track reconstructed in
antares and the zenith angle measured by the sur-
face array, for the setup of 10 scintillators displayed
in figure 1. The two histograms shown on the figure
represent the two tested locations for the surface ar-
ray: just above the detector and at a distance of 1
km, which corresponds to θ = 24◦. The Root Mean
Square (rms) of the distributions are rather equiv-
alent, while the rate of events is reduced in case of
θ = 24◦, because of the larger amount of traversed
matter.

In the distribution of ∆θ the main error contri-
bution origins from the surface array measurement.
Indeed, in this distribution, quality criteria have
been applied on the reconstructed track in antares,
leading to an estimated resolution of about 1.5◦rms

(σ ≃ 1◦ for a Gaussian fit) 1 , which is better than
the 3◦rms (σ ≃ 2◦ for a Gaussian fit) reachable with
the studied surface array setups.

For looser quality requirement on the recon-
structed track in antares, the resolution for down-
going events degrades to 4◦rms (σ ≃ 2◦ for a
Gaussian fit): for this case, an event by event com-
parison is displayed in figure 3. The error on the
mean value 2 is given by RMS/

√
N , N being the

accumulated number of events during the sea cam-
paign duration, i.e. 5 days. In both cases (tight or
loose quality cuts: figures 2 and 3) the error on the
mean value is 0.4◦ for a surface array located above
antares and 0.5◦ for a surface array placed at 1
km from the centre of antares 3 . We can then in-
fer that the surface array is able to give a constraint
better than 0.5◦ on the possible systematic offset of

1 These numbers are computed using a full simulation of
antares for the down-going events common with the surface
array. These events differ from the usual case of up-going
events. Indeed the energy of the muons is of the order of 100
GeV, while the above mentionned number of 0.3◦ (median of
space angle) is for Eν > 10 TeV. Moreover, the ANTARES

detector −and the current reconstruction− are optimized for
up-going single muons, yielding a weak angular resolution
for down-going multiple muons.
2 For Gaussian distribution, the formula is the statistical
1σ estimator for the error on the mean value, it agrees with
the error on the mean given by a Gaussian fit.

the zenith angle measured by antares. However,
due to the primary cosmic ray flux uncertainties
and shower reconstruction efficiency uncertainties
there is a systematic error to the expected rates of
about 30%. This results in a 15% systematic error
to the constraint.

We can remark also that in case of high qual-
ity criteria on the reconstructed track, the surface
array cannot be used to measure precisely the
antares resolution, its own resolution being not
good enough. However, the surface array may be a
simple way to check the resolution if quality cuts
are relaxed.

On the other hand, the resolution of antares

on the azimuth angle φ of the studied down-going
events reaches, at θ ∼ 24◦, 12◦rms (σ ≃ 4.5◦ for a
Gaussian fit) with loose quality cuts and 7◦rms (σ ≃
3◦ for a Gaussian fit) with tight quality cuts. The
resolution of the surface array on φ reaches 6◦rms

(σ ≃ 3◦ for a Gaussian fit). The event by event
comparison between the azimuth angles measured
by the surface array and antares will enable to set
a constraint of 1.5◦ for a systematic error on the
azimuth angle (RMS/

√
N , 5 days).

Moreover, the surface arraywill allow the estimate
of the antares resolution in φ.

4. Coincidences between events

The previous study assumes that we are able to
match antares and surface array events with a
negligible rate of fortuitous coincidences. This is
achieved thanks to the combination of time and di-
rection informations.

The surface array is an independant and au-
tonomous apparatus storing events on a hard drive
at a frequency of the order of 3 per minute, and
time-stamping these events with a precision better
than 1 µs (gps).

On its side, the antares experiment stores events
at a frequency of 10 Hz, and attributes a global gps

time to the events with a precision of about 100 µs.

3 On some distributions, we can observe a shift of the mean
with respect to the value 0: this shift can reach 3 times
the error on the mean for simulations with a surface array
at the top of ANTARES. A contribution to this offset is
due to the asymmetry of θ values (θ ≥ 0), which results
in an asymmetry in the ∆θ distribution at low θ. Another
contribution origins from the quality of the reconstruction:
work is on-going to improve both antares and helycon

reconstructions.
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Without direction information, the contamination
by fortuitous coincidences would be of the order of
one event per day. But if we use the directional in-
formation, this rate falls drastically with the solid
angle cut, to become negligible in a cone of a few
degrees.
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Fig. 2. Zenith angle event by event comparison between
surface array shower axis measurement and reconstructed
track in antares, with quality cut. The difference of rates
is mainly due to the muon absorption which is greater for
zenith around 24◦ than for pure down-going muons
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Fig. 3. Zenith angle event by event comparison between
surface array shower axis measurement and reconstructed
track in antares, with loose quality cut. The difference of
rates is mainly due to the muon absorption which is greater
for zenith around 24◦ than for pure down-going muons. The
rms of the 2 distributions are similar, both being slightly
better than the value of 5◦ indicated on the figure.

5. Conclusion and perspectives

In this work we have estimated the potential of
a floating surface array in the calibration of an un-
derwater neutrino telescope of the size of antares.
Using Monte Carlo simulations (corsika, helycon

software and antares software), we can conclude
that a 5 days sea campaign with a surface arraymade
of 10 scintillators distributed on an area of 13 × 23
m2 would be useful to reveal a systematic error of
about 0.5◦ on the zenith angle reconstructed by the
telescope. This constraint becomes 1.5◦ for the az-
imuth.

In the current simulations only protons have been
simulated. Simulations including heavier nuclei are
on-going. The very preliminary results lead to an in-
crease of event rates and a resulting improvement
of the angle offset measurements. Besides, new de-
velopments are in progress concerning the extensive
air shower and muon track reconstruction, consti-
tuting another way to improve the event rate and
consequently the performance of the method.

References

[1] antares Collaboration,
First results of the Instrumentation Line for the deep sea

antares neutrino telescope,
Astropart. Phys. 26 : 314324, 2006

[2] antares Collaboration,
Studies of a full scale mechanical prototype line for

the antares neutrino telescope and tests of a prototype

instrument for deep sea acoustic measurements ,
Nucl. Instrum. Meth. A581 : 695708, 2007

[3] antares Collaboration,
The antares Optical Beacon System,
Nucl. Instrum. Meth. A578 : 498509, 2007

[4] km3net Conceptual Design Report.
[5] A.G. Tsirigotis, G. Bourlis, N.A.B. Gizani, A. Leisos and

S.E. Tzamarias,
Use of floating surface detector stations for the calibration

of a deep sea neutrino telescope,
Nucl. Instrum. Meth. A48614, under press, available
online.

[6] D. Heck and J. Knapp, Report FZKA 6097 (1998),
Forschungszentrum Karlsruhe
www-ik.fzk.de/corsika/usersguide/corsika tech.html

[7] A. Heijboer,
Track reconstruction and point source searches with

antares

Phd Thesis, University of Amsterdam, 2004.

4


