Indirect search for Dark Matter wit

- theANTARES Neutrino Telescope

Vincent Bertin - CPPM-Marseille

.

“on behalf of the ANTARES Collaboration !

. Rencontres de Moriond VHEPU « La Thuile — March 2013




Relic WIMPs
captured in
celestial bodies

XX self-annihilations into
c,b,t quarks, 1 leptons or W,Z H bosons
can produce significant
high-energy neutrino flux

Potential xx -V sources are
Sun, Earth & Galactic Centre
Signal less affected by
astrophysical uncertainties
than y-ray indirect detection
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Indirect search towards the Sun with ANTARES

ANTARES neutrino telescope located by 2500m depth Iin
Mediterranean Sea in South of France (Toulon)
- See S. Mangano talk for ANTARES results overview

Detector building started in 2006, completed in May 2008

First analysis based on 2007 (5-lines) + 2008 (9-10-12 lines) data
—> about 1000 upgoing neutrino candidates (in ~295 effective days )

Event selection based on fast and robust track reconstruction
algorithm (Astroparticle Physics 34 (2011) 652)

Selection of up-going tracks reconstructed on >1 lines In order to
have good determination of zenith and azimuth angles

Binned search towards the direction of the Sun (visibility below horizon)
Background from atmospheric v and p estimated from scrambled data

Signal energy spectrum derived from WIMPSIM simulation package for
different WIMP masses and annihilation channel hypotheses
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» Selection of neutrinos and rejection of atmospheric muons
by selecting up-going tracks and cutting on track fit quality
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» Rejection of atmospheric neutrinos by looking into a cone

towards the Sun direction (below horizon only)
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o(°)

Background in the Sun direction

« Background estimated from data scrambled in time and (8,9)

» Using the Sun visibility at the ANTARES location

 Background due to neutrinos coming from CR interactions in the
Sun corona negligeable (<1% of atmospheric neutrinos)

All up-going events from 2007-2008 data
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Neutrino signal from WIMP annihilations

WIMPSIM package (Blennow, Edsjo, Ohlsson, 03/2008) used to generate events in
the Sun in a model-independent way

Annihilations into b quarks (soft spectrum) and T leptons, WW/ZZ bosons (hard
spectrum) used as benchmarks

Take into account v interactions in the Sun medium, regeneration of v, in the
Sun and v oscillations
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Selection optimization and observed events

* Neutrino fluxes at the Earth produced by Dark Matter coannihilation are convoluated with
the detector efficiency for given selection parameter sets (track fit quality, cone size)

* Neutrino background given by scrambled data in the Sun direction is evaluated for the
same selection set

Sensitivity = 20
Aeff (Mwimp) x Teff
f;’ Optimal half-opening angle Observed events in the Sun direction
o of the search cone around the Sun vs. scrambled data in 2007-2008
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neutrino flux coming from the Sun

arxXiv:1302.6516

Limit on neutrino flux  assuming
100% Branching Ratio of WIMP
annihilations into benchmark channel
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Limits on SD and Sl cross sections

Conversion to limits on WIMP-proton SD/SI cross sections

assuming equilibrium between capture and annihilation rates inside the Sun

- much better sensitivity of neutrino telescopes on SD cr
w.r.t. direct detection due to capture on Hydrogene inside the Sun
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Comparison to predictions of CMSSM models

taking into account recent exp. constraints (Higgs mass,...

- Competitive limits obtained with ANTARES 2007-2008
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Limits on SD and SI cross-sections

Comparison to predictions of MSSM-7 phenomenological models
taking into account recent experimental constraints (Higgs mass,...)
- Much weaker correlations of SD and Sl cross sections than for CMSSM
- Complementarity of constraints between direct and indi rect detection
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Current improvements of analysis sensitivity

* Include more statistics : > 7000 neutrinos  collected in 2007-2012 data
 Use energy estimator for better selection of DM neutrinos with respect to
atmospheric neutrino background

« Include single line events :  integrate on azimuth band for zenith direction

of the Sun
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Preliminary sensitivities to SD and Sl cross sections
using improved analysis for ANTARES 2007-2010 data
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Summary and Outlook

Indirect search for Dark Matter is a major goal for
neutrino telescopes (important complementarity  to direct
detection experiments)

Indirect search towards the Sun performed by ANTARES
with data recorded in 2007-2008 - first limits derived

Preliminary studies show improved sensitivities for low
WIMP masses using single lines events

Study of other sources (Earth, Galactic Centre, dwarf
galaxies...) are in progress

Analyses on 2007-2011 data are in progress ,
> 7000 neutrino candidates already collected today !

Stay tuned for the BIG DARK DISCOVERY !l




Limit on muon flux coming from the Sun
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