
ANTARES
Status, first results

 and
multimessenger

astronomy

Manuela Vecchi
on behalf of the ANTARES

Collaboration

Rencontres de Moriond EW 2011



  2Rencontres de Moriond 2011  M. Vecchi

Multimessenger Astronomy

• CRs astronomy  feasible at energies higher than 1019 eV extra-galactic origin

• UHECRs horizon limited to 10 -100 Mpc  due to interaction with CMBR (GZK effect)

Multi-messenger astronomy is likely to open new insights into the
physics of the most violent events, combining results from CRs, -rays
and traditional astronomy, neutrinos and gravitational waves.
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Neutrino Astronomy
• HE s are expected together with UHECRs, e.g.

• Neutral particles propagation not affected by B point-back to the source
• Only weakly interacting particles:

– observation over cosmological distances identify production sites
– inner layers of astrophysical objects understand production

mechanisms
• Always of hadronic origin
• Flavor mixing

–  even if at the source ( e: μ: ) = (1:2:0) at Earth ( e: μ: ) = (1:1:1)

p +
+

+ n UHECRs+ 's

Only weakly interacting particles + Low fluxes expected from the sources

 Large detection volume (~km3) is required
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Detection Principle
Neutrinos (E > 100GeV) can be detected using the visible Cherenkov radiation
produced as the high-energy charged leptons (final state of CC interactions)
propagate through a transparent medium with superluminal velocity.
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Particle Background

Atmospheric muons             ~10 per second

Atmospheric neutrinos         few per day

Cosmic neutrinos                 few per year (maybe)

 Looking for up-going events
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Environmental Background

J. Aguilar et al., Astropart. Phys. 33, 86-90 (2010)
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Sky Coverage
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The ANTARES detector
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How does a muon look like?
A typical up-going event

A typical down-going
event (atmospheric muon)
and its Cherenkov cone, as
seen in  the detector
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ANTARES:

Selected results
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Point-like source search

Badly reconstructed

Well reconstructed
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all-sky (unbiased) + candidate lists search

Point-like source search

ANTARES 2007-2008 Preliminary

Optimization in order to have the best discovery power
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preliminary result:

no significant signal found

limits reported for few

candidate neutrino sources
   * interesting gamma/X-ray

sources for which models predict

neutrinos

   * galactic center: no events

within resolution

ANTARES: Best limits for the Southern sky !

Point-like source search
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Autocorrelation studies
• Same data sample as point source search (2007-2008)

• Number of pairs at a given angular distance

• Sensitive to all kind of sources, also extended ones

No significant excess found
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Search for a diffuse cosmic  flux

no atmospheric μ’s
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  Results on diffuse cosmic  flux

J. Aguilar et al., Phys. Letter B 696, 16-22, 2011
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… not only neutrino astrophysics…

… also open problems in particle physics …

– Dark Matter searches:
• Neutralino annihilation in Sun, Earth,

Galactic Center
• Dwarf galaxies
• Galactic Halo

– Magnetic Monopoles
– Nuclearites
– …

Neutralino search:   +…
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Magnetic Monopoles
• High photon yield (>8x103 times a muon)

•monopole signature is muon-like

•selection optimized for the discovery potential

No signal found: competitive upper limit set.
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ANTARES:

multi-messenger studies
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Triggered search method:
dedicated low level trigger after a
gamma-ray satellite alert (GCN)

Requires Satellite trigger

Low backgrounds due to direction

and time coincidences

Triggered search method
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• More than 1300 alerts from GCN have
been recorded (Jan 2011)

• Lines 1-5 data analysis is ongoing.
• 148 alerts received (exposure 1882 s):

72 above the horizon
23 rejected by run selection
16 false trigger
37 GRBs in the analysis

2007 GRBs data analysis
black:
GRB alerts received

red:
the ones Antares
triggered on

C umulative number of alerts

T ime (date)

90% CL Upper limits on nu fluxes from 37 GRBs

most of GRB
alerts  by the
Swift satellite GRB alerts also

from the Fermi

satellite

flaring activity
of SGR 1550-

5418
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TAToO: optical follow-up of neutrino alerts in order to search for

transient sources (GRB, chocked GRB, ‘flare’ d’AGN…)

ANTARES

Reconstruction “on-line” (<10ms)

Trigger: multiplet / HE singlet

Alert neutrino (GCN)

Real time send <10s

1.9° x 1.9°

Advantages:

TAToO project
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Optical follow-up
The follow-up is performed by means of optical telescopes.

TAROT: two 25 cm telescopes

-fov 1.86° x 1.86°

- Magnitude V<17 (10s), V<19 (100s)
- sleewing time ~ 10s

ROTSE: four 45 cm telescopes

 - fov 1.85° x 1.85°
 - Magnitude   V~19 (60s)
  - sleewing time < 6-8 s

Chile

France USA

Australia

Turkey

Namibia
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Optical image analysis

Image analysis ongoing using ROTSE pipeline

Image to analyze Reference Image

Result of  Subtraction
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Summary
ANTARES is the largest neutrino telescope

     in the Northern hemisphere

Detector is complete (12 lines) since 2008

Detector is working within design specifications

Best limits for point sources in the Southern sky

Multi-messenger approach strongly pursued

Multidisciplinary platform for associated sea sciences

Ready for next step with KM3NeT
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Backup slides
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What’s next ?
Towards the realization of a km3 scale detector in the Mediterranean sea
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The KM3NeT challenge
12 lines, 900 PMTs

~250 lines, ~30000 PMTs

Maximize physics potential
• Substantial improvement over ICECUBE

• Instrumented volume ~5 km3

• Angular resolution ~0.1 degrees (E>10 TeV)

Deploy in a reasonable time  4 years
• New deployment techniques

• Speed-up integration time

• Sub contract part of the production

• …

At a reduced cost
• Factor 2 reduction cf ANTARES

• Simplified architecture

• Reduced maintenance

• Multi-line deployments

• …
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        Downgoing muon analysis, 2007 data

• Track reconstruction based on 2 fit

• Main contributions to systematics:

abs / abs ~ ±20%

OM acceptance  ~ ±35%

PMT eff Area ~ ±20%

•Monte Carlo: two approaches

1st approach:

CORSIKA 6.2 +QGSJET 01

Prima 
örandel)

- NSU (Bugaev)

2nd approach:

   - MUPAGE (parameterization)

horizon

zenith

Total

±45%

up downhor.
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Data Taking
Online reconstructed neutrinos since 1/1/2009

Multi-line

Single-line
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Positioning System

Precision ~10 cm

Shape of the line: acoustic device

Orientation of the storey: tiltmeter +

compass

Measures every 2 minutes
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POINT-SOURCE SEARCH

p         = 2.4%

Nsigfit = 5.1

Preliminary
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POINT-SOURCE SEARCH

Results for the search of 24 candidate neutrino sources:

GX 339
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On-line reconstruction
Golden neutrino events are identified by means of a quasi-online reconstruction
algorithm: it takes 5-10 ms to reconstruct each event.

Downgoing 

   Upgoing

MC

Data

Angular resolution
Elevation

In order to achieve a better angular resolution a refined position can be obtained by
means of an offline reconstruction algorithm.

J. Aguilar et al., Astropart. Phys. 34, 652-662  (2011)
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Observation Strategy: an example

Optical Observation Strategy:

T0

T0+1

T0+2

T0+3

T0+4

T0+5

T0+6

T0+7

T0+9

T0+15

T0+27ANTARES HE event

Run_Number: 45169 Nframes: 108135

Amplitude: 296, nhit:28, nlines:5, tchi2: 2.3



  40Rencontres de Moriond 2011  M. Vecchi

Acoustic detection of UHE s
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AMADEUS: acoustic detection

J. Aguilar et al., NIM A 626-627, 128-143, 2011 

• Test bench to study the feasibility of a large
acoustic UHE neutrino detector
• several hydrophones on 2 ANTARES lines
• study of acoustic environment and backgrounds
• particular effort for developing a reliable
direction reconstruction
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Deep sea acoustic background
The Mediterranean depths are much less silent than expected!
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http://www.economist.com/blogs/babbage/2010/12/astroparticle_physics


