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The ANTARES project

- Construction of a prototype (few lines
connected to the shore) of a neutrino telescope
extrapolable to a km?3 detector
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THE ANTARES
COLLABORATION

The project involves European

labor atories:
*Particle Physics:
— DAPNIA-CEA Saclay, France
— IFIC-Valencia, Spain
— IN2P3-CNRS: Marseilleand Mulhouse, France
— ITEP, Moscow, Russia
— NIKHEF, Amsterdam, The Netherlands
— Oxford and Sheffield Universities, U.K.
*Astronomy & Astrophysics:.
— LASMarsellle, France
— Marseille Observatory, France
«Sea Science:
— Centred'Océanologiede Marseille, France
— IFREMER, France
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ANTARES
demonstrator

e 40 km long electro-optical cable: May 98
 Mechanical testson afull string: June 98

e Connection-disconnection testswith a
submarine: December 98

o First partially equipped string (8 PMTYs),
electronics, slow control, electro-optical
cable: Spring 99

o Fully equipped line (@0 PMTs): 2000

And after:

10-15 strings: 2001-2003
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ANTARES
demonstrator




THE OPTICAL MODULES

The photomultiplier ishoused inside a high
pressureresistant glass sphere:

— Large cathod photomultipliers
— Signal locally digitized.

— Slow control.
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The first prototype in
Its cage
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SOME PICTURESOF THE
PROTOTYPE
DEPLOYMENT




In Dec. 1998, “L e Nautile’ has been used to
test the connection between a cable and a
high pressure container:

Tests pursued in 1999 and in 2000.

siteat -2400 m
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ANTARES
Site measurements

Several strings have been developed to
measur e the environmental parameters:

— Autonomous acquisition (optical
modules, currentmeter, tiltmeter,...)

— Long term measurements (a few
months)
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ANTARES
Site measurements

e Optical background

Done ten times off-shore from Toulon
and Corsica

* Fouling of optical surfaces
L ong term counting rates
Sediment trap, sampling box
Donethreetimeswith two orientations

 Water transparency

Long and rigid structure: |
Repeated with pulsed LED: July 98.

Disentangle | o/l Sps
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OPTICAL BACKGROUND

Buoy +Argos
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OPTICAL BACKGROUND
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OPTICAL BACKGROUND

 Baseline: K decay = 40 kHz

e 3-4% of dead-time for PMTs

e No correlation for two OMs >20m
apart
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activity (in kHz)

activity (in kHz)
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Fouling

Fouling and sedimentation decreasethe
glass transparency.
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Sea water attenuation
length
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Sea water attenuation
length

DC measurement

Determination of A

attenuation
2

g—' 9 JIﬂ.":lthawnmml[m
'\b 41 i Iﬁ[i’t[ i lt’-.jr'ﬁ[ m

8 L

_.'"r L

—2 - - &
B r ® Measurement in water
» Calibration in air \\\
1 i 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 ] 1 | 1 1 1 1 | 1 1 1 1
§, 5 10 t 5 20 25 G

Distance (m)

D: Distance between LED and PMT

@ gp: LED luminosity to obtain a constant current on PMT
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Pulsed L EDs

Measured with a blue pulsed LED (467 nm):
— Attenuation length @40 m
— Scattering length > 100 m
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Present activities

e Digqitized signalstransmission
e Study and choice of PMTs

e Positioning and slow control

e Mechanicsand deployment

e Software
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Digital optical modules

Application Specific Integrated Circuit
(ASIC) inthedigital optical modules.
Similar to the ATWR (D. Nygren)

Analogue Ring Sampler (ARS)
time
oulse \ARSOI ADC |_.
[ DATA
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—»quyk——*
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Performance studies

e Eventssimulation: including the
response of the optical modules

e Reconstruction of smulated events

* Optimization of the layout for a big
detector

e Simulation of a 0.1km? detector (15
strings, @000 PMTYs)

- Detection & reconstruction efficiency
- Angular resolution
- Calorimetry
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DETECTOR LAYOUT

The detector isa network of vertical strings,
~100 m apart from each other.

Each string is~400 m long with
~100 photomultipliers.

Detector connected to the shore by an EO cable
(DAQ, slow control and power).

Photomultipliers
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ANTARES-0.1km?
Angular resolution

For aE~
N spectrum
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Extrapolation of the 2nd
EGRET catalogue

o 2nd EGRET catalogue:
Differential spectral index @2

High energy grays are absorbed over
large distances (GZK effect)

o |fall HE gareproduced by p°:
NpD»DNpo[I F,ﬂ@)AFg

e Neutrinos are not absorbed

e 116 measured sourceson along period
(April 91 to September 93)

0.1<E,<10GeV
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2nd EGRET catalogue
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How many sour ces ar e detectable?
(CL <10%with at least 5 events)
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0.1km?year at 45°N

e Only few pulsars. No AGN
e Summing over 42 possible AGNSs:

Background = 2.7
B+S=8-67 (spectral index = 2.2-2.0)
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NEUTRINO OSCILLATIONS

Atmospheric neutrinosto study the Super -
Kamiokande evidence:

Measur e n_disappear ance in the domain
L/E ~ 600 km/GeV

|dea: measurethe vertical upward-going n
flux

—Thebaselinelength isalwaysthe
same: L » 12740 km (Earth diameter)

—Theonly variableisthe neutrino
energy: 5<E <50 GeV

P 255< L/E <2550 km/GeV
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Survival Probability

Battistoni & Liparl
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Method:
— Usevertical events: cosg > 0.97

— Themuon energy isestimated by its
range

Use the eventsinteracting
Inside the detector volume

Simulated E,,spectrum with/without oscillation
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Physical background

 Downwar d-going muons
e Showers

e Low energy misreconstructed
neutrino interactions
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Conclusions

 The ANTARES project has
accumulated a lot of measurements
of water parameters.

* Ready for the deployment of the
first string connected to the shore.

* Physical studies on neutrino

mixing and on HE cosmic neutrinos
starting in 2001.
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