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The ANTARES detector is the most sensitive neutrino telpsaabserving the southern sky and
the world’s first particle detector operating in the deep $iga installed in the Mediterranean Sea
at a depth of 2475m. As example for the first results, the detettion of the atmospheric muon
flux is discussed; a fair agreement with previous measureniefound. Furthermore, the results
of a search for high-energy events in excess of the atmospheutrino flux are reported and
significant limits are set on the diffuse cosmic neutrino fluthe multi-TeV to PeV energy range.
Using data taken during the construction phase, a first aisadgarching for point-like excesses
in the neutrino sky distribution has been performed. Theltieg sensitivity of ANTARES is
reported and compared to measurements of other detectors.
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1. Introduction

The goal of high-energy neutrino astronomy is to provide a new view dfittieerse by detect-
ing the messengers emitted from its most violent regions. The emission of reglyemeutrinos
necessarily implies the presence of highly relativistic baryons at the aatiefesites and conse-
quently provides incontrovertible evidence for the acceleration of cosay&[d]. The observable
neutrino flux is expected to be generated mainly through charged pionigtiml in collisions
of high energy protons from the cosmic ray accelerators with the ambisnbrgaith radiation
fields. These neutrinos will point back to even very distant sourcethegsare neither absorbed
nor deflected, a property that makes these particles unique astronomssangers. High-energy
neutrinos can be of galactic and extragalactic origin. Supernova renmarahtsicro-quasars are
examples for candidate sources in our Galaxy, while gamma-ray burstctivel galactic nuclei
represent promising potential extragalactic sources. Due to the extremeatydss section of neu-
trino interactions, neutrino detectors need to instrument very large voluntesheould be built
in a low background environment. The current neutrino telescopesietmadea, proposed by
Markov [], of instrumenting a large volume of water or ice, in order to detexcharged leptons
(in particular muons) emerging from charged-current neutrino-nadlgeractions.

2. The ANTARES detector

The ANTARES detector, see Fid. 1 for a schematic view, is located at a dEp475m in the
Mediterranean Sea (428 N, 6°10 E), 42km from the French city of Toulon. It is equipped with
885 optical sensors arranged on 12 flexible lines. Each line comprises2ipdetection storeys,
each equipped with three downward-looking 10-inch photomultipliers (BMdrsented at 45
relative to the vertical. Each PMT is installed in an Optical Module (OM) thasistsof a 17-inch
glass sphere in which the optical connection between the PMT and the giassiied by an optical
gel. Each line is roughly 450m long and is held tight by a buoy at its top. Theirsgp between
storeys is 16 m. The distance between adjacent lines is of the order of BDmM. ANTARES
contains in addition a line (ILO7) with oceanographic sensors dedicatede tméasurement of
environmental parameters. It therefore represents an important multisiacjpdeep-sea research
infrastructure delivering unique data to marine biologists and oceartogngpl he construction of
the ANTARES detector took place in several sea campaigns starting in th2g@and has been
completed in May 2008 with the deployment and connection of the last 2 lines.tdihis long
construction phase and the modularity of the detector, the commissioningqumapéased several
detector configurations with different numbers of active lines.

The neutrino detection relies on the emission of Cherenkov photons byehigigy muons
originating from charged-current neutrino-nucleon interactions imaurad the instrumented vol-
ume. From the PMT positions and the relative arrival times of the Chergstkmons at the PMTSs,
and making use of the characteristic emission angle of Cherenkov radidu#otrajectory of the
muon can be reconstructed. The direction of the incident neutrino caridsesth with an energy
dependent precision that is expected to be better than 0.3 degrégs$at0 TeV.

As the detector lines move with the deep-sea current, the position of the Cddstode
monitored to ensure this excellent angular resolution. The position of thei©désermined every
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Figure 1: Schematic view of the ANTARES detector.

2 minutes by means of an acoustic triangulation system, while the orientation ltoktaey is
measured with a compass and a tiltmeter. The timing calibration, which is also darctake
angular resolution and very stable in time, is monitored regularly in-situ with desticpulsed
light sources distributed along the lines.

3. Atmospheric muon flux

The main goal of a neutrino telescope is to detect high-energy neutrimoseiktraterrestrial
sources. However, the signal observed by ANTARES is dominated by srthah are generated
in cosmic ray interactions in the atmosphere above the detector and whickuffigent energy
to reach the detector at its average installation depth of 2200 m below $aeesurhe muon flux
measured at the ANTARES site is an important test beam to study detectanatisteand to val-
idate the reconstruction algorithms employed. Two different studies of thib-detensity relation
for muons have been carried out. In the first, the attenuation of the muorsflufuaction of depth
is observed as a reduction in the rate of photon coincidences betweerradjtoreys along the
detection lines[[3]. This method has the advantage that it does not relydraak reconstruction
method and therefore allows for testing directly the response of the det&t®isecond method
is based on a standard tracking algorithm that allows for reconstructin@tbeage) zenith angle
of the incident muon (bundle) which is then used to compute the track lengiitire sea surface
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Figure 2: Vertical flux of atmospheric muons as a function of the edeivaslant depth (taken fronﬂ[4]),
measured with 5 lines of the ANTARES detector during the toetion phase.

to the detector. This track length is usually called “equivalent slant depaking into account the
known angular distribution of the incident muons, a depth-intensity relatinrbeaextractedJ4].
The results are in fair agreement with previous measurements as camli@se€ig.[2. The rather
large error band is mainly due to the systematic uncertainty on the determinatlmaiisorption
length of light in water and of the angular acceptance of the OMs at lagjesarwhich becomes
important for muons traversing the detector from above due to the dowpainting setup of the
OMs.

4. Diffuse flux of astrophysical neutrinos

The prediction of a neutrino flux from extraterrestrial sources is a ta@tsequence of the
observation of high-energy particle and gamma radiation impinging on the’'€atthosphere.
While both electrons and charged hadrons can be present at cosmlieration sites, only in the
case of hadron acceleration will the energy escaping from the soerdéstiibuted between the
cosmic ray component, gamma rays and neutrinos. A spatially unresolvezk digfuse, flux of
such high-energy neutrinos resulting from different cosmic souraedben predicted by various
authors. There are two relevant upper bound estimates: Waxman aodlBs#&B) [, f] use as
a constraint the cosmic ray flux measurements at enefgies: 10°eV; Mannheim, Protheroe
and Rachen[]7] consider the diffugeray flux in addition. For sources that are assumed to be
transparent to neutrons, the resulting upper limits are shown iff]Fig. 3. €Bnelsmethod for the
diffuse neutrino flux exploits the fact that the atmospheric neutrino fluiciwtonstitutes the main
background in this search, has been measured to exHibit-a dependence at high energies. The
predicted diffuse flux of cosmic neutrinos, however, is expected to falh@wmuch harder energy
spectrum of its parent hadron distribution, i.e. a spectrum with a speati@t iclose to -2. This
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Figure 3: The ANTARES upper limit (90% C.L.) for & 2 diffuse high-energw,, + v, flux (taken from
[E]), compared with limits from other experiments and ttetical predictions for transparent sources. The
factor 1/2 for the W&B and the MPR model accounts for neutrisoilations. While the central red line
represents the average atmospheric neutrino flux, the gray denotes the uncertainty due to incident angle
and different neutrino production channeﬂls [9].

prediction results from the fact that the only known mechanism that cateate cosmic ray par-
ticles up to the highest observed energies is the so called Fermi accelerqtemtesl to occur in
hydrodynamical shock fronts. To separate atmospheric and diffgseicoeutrino fluxes, a robust
energy estimator for high-energy muon neutrino events has been deddtANTARES. The al-
gorithm is based on the average number of hit repetitiBhg(the OMs due to the different arrival
times of so called direct and delayed photons. The number of hit repetitiorasspecific OM in
a single event is defined as the number of hits measured in a time interval uprns &@ier and
including the first hit that is used for the muon track reconstruction. Ttma®rR is calculated
as the average number of repetitions, dividing the sum of the numbereatiitieps in the individual
OMs by the number of all OMs that contribute at least one hit selected byatiler@construction
algorithm. Direct photons reach an OM without being scattered on theirnoaytheir Cherenkov
vertex along the muon track, whereas scattered Cherenkov photohstonp induced by electro-
magnetic showers along the muon track are referred to as delayed withl imie differences up
to hundreds of nanoseconds with respect to direct photons. For high energiesi;, > 1TeV)
energy loss contributions due to radiative processes start to dominatecegase linearly with the
muon energy, thus leading to additional delayed light in the detector due tooefagnetic show-
ers. This is exploited to select neutrino events and to finally discriminate betategospheric
background and cosmic neutrinos. Using a large set of atmospheric mdameatrino Monte
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Figure 4: Comparison of data and Monte-Carlo simulation for the cuativg event distribution as a function
of the reconstruction quality paramefer

Carlo events, for which the detector response was fully simulated, théselention has been op-
timised before the signal region was uncovered for the data. The atnmmspéetrino background
was modelled following the Bartol flux parametrisatign][11] with an additionah{gigergy com-
ponent induced by the decay of charmed mesons (prompt compénni)fidsignal neutrino flux

® was modelled with & 2 spectral shape. The discrimination of signal and background neutrinos
is achieved by a single cut on the hit repetition vaRiuef the above defined energy estimator. This
cut has been optimised to maximise the detector sensitivity using Monte-Carits erdy. The
expected number of remaining atmospheric neutrino events7st1®. The systematic uncertain-
ties are dominated by the uncertainty on the atmospheric neutrino flux andidotod@cceptance
including its dependence on environmental parameters. Data taken dwripgats 2007 to 2009
with an equivalent lifetime of 334 days and with several different detexinfigurations are used
for the analysis. After applying the same cut on the data, 9 neutrino caeddants remain, in full
agreement with the background assumption. This result translates intganlimpit (90% C.L.)
for the diffuse cosmic neutrino flux of:

E2®ggy = 5.3 x 10 8GeVem 2s tsr? (4.1)

This limit [LJ] holds for an assumel—2 signal spectrum and in a neutrino energy range 20¥eV
Ey, < 2.5PeV. Models yielding spectral shapes different from the geierichave been tested and
some of them could be excluded (df.][12] and ref. therein) at the 90%idamce level.

5. Search for neutrino point sources

A search for cosmiw,, sources has been carried out with data collected in the years 2007
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Figure 5: Preliminary flux limit (90% C.L.) vs. source declination fatist of 24 potential neutrino sources
in the ANTARES field of view. The sensitivity (red line) is gm as the median of the flux limits for the
tested sources.

and 2008, corresponding to an integrated lifetime of 295 days. Duringhbisepthe detector was
extended from a setup with 5 lines to its maximal configuration with 12 lines. Tha negonstruc-
tion algorithm employed is based on a maximum likelihood fit and yields the traaitidineand a fit
quality parameteA. Using a full detector simulation, an average angular resolutions6t00.1°

has been determined forEa 2 neutrino spectrum. Optimising the limit setting and discovery po-
tential at the same time, only upward-going events with a fit quality —5.4 are selected. The
MC simulation yields 1093 upward-going neutrinos and 738 mis-reconstratt@spheric muons
(cf. Fig.[4) surviving this cut. After uncovering the data, 2040 evergselected. As the signature
of a point source is a cluster of events at a given celestial position, amagses using different
methods to search for such clusters have been applied to the selectésl dweeach case, the
likelihoods for the assumption that the cluster under inspection is inducedrbybpckground or
by an additional source contribution of unknown intensity are computedtsidratio is used

to distinguish between signal-like clusters and clusters induced by bagidjftuctuations. The
first method creates a potential signal cluster from all events for arlardjatance of 20around
any predefined location in the sky. With this method the sensitivity of ANTARERisermined

in terms of an upper limit on the flux for a source with Bn? spectrum. At the lowest declina-
tions, which are always in the field of view of ANTARES, the sensitivityEfx flux is roughly
7.5x 10 8GeVcm?s 1. The second method is a full sky search that preselects clusters otat lea
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4 events that are all within a maximal angular distance°off3at least one of the events. This
method has the sensitivity to discover sources with a flux greater tian -’ GeVenr2s 1

at the 3y level. The largest cluster that has been found contains 8 events whil@ ewignts are
expected from the background, i.e. the cluster has a post-trial sigmiéicdr@o. The third method
makes use of the sky coordinates of a list of 14 galactic and 10 extragaleditinown astrophys-
ical objects that potentially could be powerful neutrino sources. As ®other 2 methods, no
significant excess has been found and the derived limits together with tRARKS sensitivity,
given as the median of the individual limits, are reported in Rig. 5.

6. Conclusion and outlook

The ANTARES neutrino telescope started routine data taking in a configunaith 5 in-
stalled lines in 2007 and has recorded a large neutrino sample of high quigtityiffierent config-
urations during its construction phase until May 2008. The feasibility ofliasittn and operation
of a particle physics detector in the hostile environment of the deep seaéasibmonstrated and
first results have been obtained. The search for a cosmic diffuseshigitgy neutrino flux and a
point source search both resulted in very sensitive upper limits for the flagsmic neutrinos.

Its successful operation is an important step towards KM3N@T ([8thefKM3NeT contribution
in these proceedings for details), a future3kscale high-energy neutrino observatory and marine
science infrastructure proposed for construction in the Mediterane@an S
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