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Abstract

ANTARES is a degp-sea neutrino telescope projed. Tests have been caried out over the last two yeas to
evauate sites, procedures and performance. The deployment of detectors and underwater electrical conrec
tions have been tested successfully at adepth of 2400 min the Mediterranean Sea nea Toulon, and the optical
characteristics of the propod site have been measured. A detector with an effective area of about 0.1 km?
will be deployal in 2002-2003.

1 ANTARES project goals:

ANTARES is a projed to build a degp-sea telescope to deted high-energy neutrinos The collaboration
was formed in 1996 based on a close cooperation between particle physcists, astrophystists, and expertsin
marine technology. Since then, many of the technicd aspectsrelating to the constriction and operation of this
device have been addressed, and its sensitivity has been evaluated for the principal physicsgoals.

The ANTARES scientific program includes astrophysts (neutrino astronamy), cosmology (searches for
dark matter in the form of neutralinos), and particle physics (neutrino o<till ations). Neutrino astronany
provides the prindpd mativation for a deepsea detedor becase it opers a new window for studies of the
cosnos probing regions of the universe tha are opague to photors and hadrors and enegy domains well
above the regime of man-mae@ accéeraors. The advantages of neurinosare tha they are eledricdly neural
sotheir trajedorieswill nat be affected by magnéicfields, stabdeso that they can read usfrom distart sources,
and we&ly interacting so that they can penetrate regions which are opague to photors and hadrons.

The existence of astrophystd souices of high-energy neutrinos can beinferred from the existence of high-
enggy cosmic-ray protons Gammarays and neutringresut from the decay of pions photo-produceéduring
the accéerdion of the protons. The protons are deviated by cosmic magnetic fields, but the gamrma rays
and neutrinas point back to their sources. Candidate souices of high-energy neutrinosinclude galadic sources
such as X-ray binaiesand superrovaremnaits, and extragdadic sources such asadive gdadic nudei (AGN)
and gamma-ray bursters (GRB). The AGN could provide a detectable souice of diffuse high-energy neutrinos
(Stedker, etd., 1991) Both AGN and GRB are potential point souices of high-energy neutrinos The detedion
of known objecsis enhancd by the excellert angula resolution expectel at ANTARES.

Dark matter could be detected via high-energy neutrinosif sugersymmetric neutralinos make up part of the
missing mass Relic neutraling from the early universe would accunulate at the core of heavy bodies such
as the earth the sun or the cente of our galayy (Jungnan Kamionkowski, & Griest 1996) Becaus they
are Mgjorana particles, pairs of neutralinoswill annihilate. The annihilation prodicts include neutrinas with
typicd energiesaround 1/3 to 1/2 of the neutralino mass The angular distribution of neutrinosfrom neutralino
annihilation in the eath’s core would provide information on the neutralino mass (Edg0, 1997) ANTARES
would be sensitveto this effect becaus of its goad angula resolution and itslow enegy threshold.

Neutrino ocill ationscan be studied in AN TARESwith abase-linelength of the order of the diameter of the
eath. Atmospkeric neutrinos are emitted in the decey of hadrors producel by the interaction of cogmic rays
with atmospleric nuclei. Charged-current interactionsof muonic neutrinos produwce muorsin the detector. The
badgrourd of atmospleric muorsis strongl suppessed by absorptian in the segq and completely eliminated
in the case of upward-going muons Contained verticaly upward-going muons can be measured for energies
from 5to 60 GeV, correspondirgto L/E,, of about 1250 to 100 km/GeV, respectively, if the muon takes half of
the neutrino energy. For the Super-K amiokande ostill ation parameters (Am? = .0035 eV?, sin? 26 = 1)



(Fukuda, et al., 1998), the first dip in the survival probability occurs at 350 km/GeV, at the maximum of
the ANTARES sensitivity. The minimum value of L/Ecan be reduced to about 10 km/GeV if partially-
contained muons are analyzed over the full upward-going hemisphere. The expected performance for neutrino
oscillations is given in a related talk presented at this conference (Moscoso, 1999).
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Figure 1: Schematic diagram of the first phase of the ANTARES detector.

2 Detector design:

A schematic of the future ANTARES detector is shown in figure 1. Each string is composed of standard
segments consisting of three optical modules, a local control module and an electro-mechanical cable. The
photomultiplier tubes in the optical modules are oriented down at &pecial containers house calibration
equipment. A string-control module at the bottom of the string receives and transmits slow-control commands
and data. The string-control modules from different strings are linked to a common junction box by electro-
optical cables which will be connected to the junction box after deployment of the strings using a manned
submarine. A standard deepsea telecommunications cable links the junction box to a shore station where the
data are filtered and recorded. The 0.1%kdetector will consist of four ‘dense’ strings with 41 segments
spaced vertically 8 m apart, and nine ‘sparse’ strings with 21 segments spaced 16 m apart. The total height of
the strings is 420 m. The strings are placed in a spiral, with minimum horizontal spacing of 60 to 80 m.



The response of the detector depends on the geometry. The energy threshold is about 5 GeV for the dense
strings, and 10 GeV for the sparse strings. Below 100 GeV, the energy of contained muon events is determined
from the muon range. Above 1 TeV, the muon energy can be estimated within a factor of 3 from its average
energy loss. The muon trajectory is reconstructed from the arrival times of Cherenkov photons. The estimated
timing error is 1.3 ns, leading to an angular precisiof-0f2° for high-energy muons. The Cherenkov yield
for a 10-inch photomultiplier tube is 52 photo-electrons for a 1 GeV muon passing the optical module at a
distance of 1 m.

The off-shore electronics is based on front-end digitization and digital data transmission. An ASIC called
the Analogue Ring Sampler (ARS) is under development. For single-photo-electron pulses (99% of the photo-
multiplier pulses), timing information will be stored in a pipeline memory until the second-level trigger arrives.
For more complex signals, the chip samples the signal and holds an analog wave form on 128 switched capac-
itors. The 8-bit dynamic range can be increased to between 14 and 20 bits by reading out one or two of the
dynode outputs in addition to the anode signal.

The off-shore trigger logic will be as simple and flexible as possible. The first-level trigger requires a
coincidence of two of the three optical modules serviced by a single local-control module. The second-level
trigger is based on combinations of the first-level triggers. If a second-level trigger occurs, the full detector
will be read out. The third-level trigger will be made in a farm of processors on shore. The first-level trigger
rate will be about 150 kHz and the second-level rate a few kHz. The third level will select about 100 Hz of
events to be recorded for off-line analysis. Details of the ANTARES electronics and trigger are described in
posters presented at this conference (Feinstein, 1999).

3 Prototype tests and production schedule:

A suitable site for a neutrino telescope requires deep, transparent water and proximity to shore facilities.
A site 20 nautical miles off the French Mediterranean coast, near Toulon, at a depth of 2400 m has been
explored. Optical background, biological fouling of optical surfaces, undersea currents, and meteorological
conditions have been studied at this site, using special test strings. A low level background rate varying from
20 to 47 kHz was measured with an 8-inch Hamamatsu photomultiplier tube housed in a 17-inch pressure-
resistant Benthos glass sphere. Bursts of luminescence lasting about one second and giving peak counting
rates up to several MHz were observed, correlated with the speed of the undersea currents. Fouling of the
optical surfaces depended on the orientation, with lower rates for downward-looking surfaces. For vertical
surfaces, the transmission loss after one year is about 1.5%. The attenuation length for blue light (466 nm)
was measured to bél +£ 1 + 1 m. Details of these studies are given in a separate talk presented at this
conference (Palanque-Delabrouille, 1999).

Complete prototype strings have also been immersed to test deployment techniques, instrumentation, and
slow controls. Twenty different deployment/recovery cycles have been completed. Two deployment tech-
nigues have been used: horizontal deployment, in which the full detector is laid out on the surface of the
sea before the release of the anchoring weight, and vertical deployment, in which the anchor is the first item
immersed. The dynamic forces are reduced in the horizontal deployment, but the poskicounacy of the
vertical deployment is better. The recovery of the string is activated by an acoustical signal from the surface
which disconnects the string from its anchoring weight. The undersea electrical connection of the string-
control modules to the junction box has been tested successfully by the IFREMER crew of thiée*Nau
submarine during one of these operations.

A prototype string planned for immersion next month is shown in figure 2. The 350 m string will be
anchored on the sea floor and maintained vertically by a large buoy at the top of the string. Two cables support
16 optical module frames placed every 15 m starting from 95 m above the sea floor. Each of the 16 frames
holds two 17-inch glass spheres with center-to-center separation of 1.6 m. Eight of the spheres will contain
photomultiplier tubes, oriented horizontally so that downward-going muons can be detected.

The prototype will be equipped with a positioning system to allow the reconstruction of the posigiaciof
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Figure 2: Schematic view of the prototype string.
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