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Installed in the Mediterranean Sea, at a depth of ∼ 2.5 km, ANTARES is the largest undersea
neutrino telescope currently operating. The search for point-like sources with neutrino telescopes
is normally limited to a fraction of the sky, due to the selection of events where the direction of
the neutrino candidate has been reconstructed as coming from below the horizon, usually referred
to as “up-going” events, in order to significantly reduce the atmospheric muons background.
Here we demonstrate that the background can be effectively suppressed through an energy and
direction dependent event selection so that a part of the region above the horizon can be included
in the search. The strategy for the study of a “down-going” neutrino flux is described and the
ANTARES sensitivity for two candidate sources is presented.
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1. Introduction

ANTARES, placed on the bottom of the Mediterranean Sea, ∼ 40 km south-east from the coast
of Toulon (France), is the first undersea neutrino telescope and the only one currently operating.
Its main purpose is the search for neutrino fluxes from astrophysical objects. Its observation is
based on the detection of the Cherenkov radiation induced by the passage in water of superluminal
charged particles produced by the interaction of cosmic neutrinos near the detector by means of
885 photomultiplier tubes. For detailed information about the detector, refer to [1].

The search for a point-like source of cosmic neutrinos consists in the search for a directional
clustering of events. A source can be identified as a significant excess of muon tracks from a given
location compared to the surrounding region dominated by the isotropic background of atmospheric
neutrinos and muons. The sensitivity depends on the suppression of the background to a level at
which event accumulations for expected source fluxes are visible over the statistical background
fluctuations. With an assumption on the spectral shape of a given source it is possible to use the
estimated energy of events as a parameter to separate signal from background, since the signal
spectrum is expected to be harder than the atmospheric background one. In this contribution the
analysis of down-going events, i.e. events coming from above the ANTARES horizon is presented.
A big challenge in this analysis is offered by atmospheric muons which can penetrate through
several kilometres of water to the detector, providing the major component of the background. To
retain sensitivity to a neutrino signal flux, it is thus necessary to boost the rejection power. This can
be achieved by using a good energy estimator (see Sec. 2) and a good signal/background separation
technique (see Sec. 2.1). The search for neutrino candidates in the resulting final sample will be
based on spatial information in order to derive significance for event clusters, as discussed in Sec.
3. A candidate-list search, looking for events in the direction of two candidate sources which are
known gamma-ray emitters and potential sites for hadronic acceleration, has been performed. The
sensitivity of the detector to a neutrino flux ∝ E−2

ν coming from the sources has been computed
(see Sec. 3).

2. Data and simulation

The analysis presented here has been developed using the data collected by ANTARES be-
tween June 2009 and June 2011. This measurement period corresponds to a total live-time of 366.6
days. Triggered events are reconstructed using the time and position information of the hits by
means of a maximum likelihood (ML) method. The algorithm consists of a multi-step procedure to
fit the direction of the reconstructed muon by maximizing the ML-parameter, Λ, which describes
the quality of the track reconstruction ([2]). Neutrinos and atmospheric muons are simulated with
the GENHEN and MUPAGE ([3, 4]) packages, respectively. Furthermore, the propagation of the
muon tracks is simulated with the KM3 package ([5]). Two candidate sources have been considered
(see Table 2). A neutrino flux coming from their directions with an ∝ E−2

ν ([6]) has been simulated.
The distribution of data and Monte Carlo signal (generated from CTA 1) and background

events for the Λ parameter can be seen in Figure 1.
The directional reconstruction resolution can also be characterized in terms of the width of

the two-dimensional distribution of the angular deviation of reconstructed track directions from
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Object b (deg) l (deg) δ (deg) α (deg)
Tycho 1.45 120.11 64.18 6.36
CTA 1 10.40 119.60 72.98 1.61

Table 1: Candidate source list. From the second to the fifth column the galactic latitude (b), the galactic
longitude (l), the declination (δ ) and the right ascension (α) in decimal degrees.

Figure 1: Data and Monte Carlo events distribution for the track reconstruction quality parameter, Λ. Only
down-going tracks have been considered. The simulation of atmospheric neutrinos uses the Bartol flux.
Larger values of the Λ parameter indicate a better track reconstruction.

the true track direction. This so-called “point-spread function”, expressed in spherical detector
coordinates (Zenith and Azimuth) such that all bins span equal solid angles, is shown in Figure 2.

In Figure 3 the neutrino energy estimator for Monte Carlo signal events as a function of the
true neutrino energy is shown.

2.1 Event selection

In order to achieve the goal of this analysis a good rejection of the background is fundamental.
For this purpose a multivariate analysis based on the BDT (Boosted Decision Tree) technique has
been implemented. The variables used for the BDT training are: the Λ parameter, the zenith angle
and the reconstructed energy (reco Eν ) of an event.

Fig. 4 shows the distribution of the down-going Monte Carlo-generated signal events and the
atmospheric background for the three variables which have been used for the BDT training.

3. Search method

A binned point source search has been performed. It consists in the search for a spatial cluster
of events from a given point of the sky by counting the events occurred in small solid angles around
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Figure 2: Point-spread function in detector coordinates. The full Monte Carlo signal event sample of
neutrino-induced muons from CTA 1 was used after applying the Λ >−6.0 cut.

Figure 3: Monte Carlo-generated signal events distribution for the neutrino energy estimator as a function
of the true neutrino energy.

that given point. Feldman and Cousins have proposed a method to quantify the “sensitivity” of
an experiment independently of experimental data by calculating the average upper limit, µ̄ , that
would be obtained in absence of a signal ([7]). It is calculated from the mean number of expected
background events, < nb >, by averaging over all limits obtained from all possible experimental
outcomes. The average upper limit is the maximum number of events that can be excluded at a
given confidence level (CL). That is, the experiment can be expected to constrain any hypothetical
signal that predicts at least < ns >= µ̄ signal events. From the 90% CL average upper limit we
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Figure 4: Distribution of the down-going Monte Carlo-generated signal events (events generated from Tycho
(top) and CTA 1 (bottom)) and background atmospheric events for the variables used in the BDT training:
the ML-parameter (Λ), the zenith angle and the reconstructed neutrino energy (reco Eν .)

define the “Model Rejection Factor” (MRF) for an arbitrary source flux Φtest predicting < ns >

signal events, as the ratio of the average upper limit to the expected signal ([8]). The average flux
limit Φ̄90CL

ν is found by scaling the normalization of the flux model Φtest such that the number of
expected events equals the average upper limit:

Φ̄
90CL
ν = Φtest× (

µ̄90(< nb >)

< ns >
)≡ Φtest×MRF.

In correspondence with the minimum value of MRF, we have the best sensitivity:

Φ
90CL
ν = Φtest×MRFmin = MRFmin ×10−8E−2

ν GeV cm−2 s−1.

Solid cones of different amplitude around the positions of the two sources have been consid-
ered. The number of signal Monte Carlo-generated events (< ns >) and the number of background
events estimated from the data (< nb >) occurred inside each cone have been evaluated and the
MRF computed. In this analysis the right ascension of the data is kept blind so that the selection
procedure is as unbiased as possible.

4. Conclusions

The sensitivity of the ANTARES detector for a “down-going” neutrino flux coming from two
candidate sources (Tycho and CTA 1) has been computed. Figure 5 shows the sensitivity for the
two point-sources with an E−2

ν spectrum as a function of the declination.
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Figure 5: Sensitivity for a point-sources with an E−2
ν spectrum as a function of the declination, in green the

results for the analysis of down-going events. In blue the 90% C.L. flux upper limits and sensitivities for six
years of ANTARES data ([9]). In red the IceCube results shown for comparison ([10]).
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