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Relic WIMPs
captured in =
celestial bodies -

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

Potential yx—v sources are
Sun, Earth & Galactic Centre
Signal less affected by
astrophysical uncertainties
than y-ray indirect detection



Neutrino telescope: Detection principle
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Site Map

The ANTARES detector
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The ANTARES site
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Region of Sky Observable

by Neutrino Telescopes
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Indirect search towards the Sun with ANTARES

Detector building started in 2006, completed in May 2008

Analysis based on data collected between 2007 and 2012
- > 7000 upgoing neutrino candidates (in ~1321 effective days)

Reconstruction strategies:

— BBFit (¥2 based) = optimal for low energies/masses (<250 GeV)
— Single line events : reconstruction of zenith angle only - very low energies
— Multiline events: reconstruction of zenith & azimuth angles

— AAFit (likelihood based) = high energies/masses (>250 GeV)

— lambda (quality parameter, basically the likelihood value)
— beta: angular error estimation

Selection parameters:

— tchi2: ~y? (BBFit)

— lambda: Quality reconstruction parameter ~ likelihood (AAFit)

— beta: angular error estimate (AAFit)

— Cone opening angle around the Sun (or zenith band for single line events)



» Selection of neutrinos and rejection of atmospheric muons
by selecting up-going tracks and cutting on track fit quality
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MC atm. u
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» Rejection of atmospheric neutrinos by looking into a cone
towards the Sun direction (or zenith band for single line events)

» Remaining background estimated from scrambled data



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 (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
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Limits on Spin Dependent cross sections

Conversion to limits on WIMP-proton Spin Dependent cross sections
assuming equilibrium between capture and annihilation rates inside the Sun
- much better sensitivity of neutrino telescopes on SD cross-section

w.r.t. direct detection due to capture on Hydrogene inside the Sun
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First limits with ANTARES 2007-2008 data published in JCAP11 (2013) 032



Galactic Centre

v can propagate with a minimum
of astrophysical uncertainties Earth

WIMPs self-annihilate according to <o,v> (halo model-dependent)
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ANTARES visibility of
the Galactic Centre
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from M. Cirelli et al., JCAP 1103 (2011) 051
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ANTARES observation of the Galactic Centre
W|th 2007-2012 data
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Comparison to other experiments
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Diwarf galaxies
* first discovered

* ultra-taint
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Galactic
“ longitude

V. Bertin - C.PPNM - PONIT Avinnnn - Anril'14

dwarf Carina

Sagittarius

ve 1
Urza Mgior ]

Segue 2
Willman 1
Coma
Bootes Il
Bootes |
Ursa Minor
Sculptor
Draco
Sextans

Ursa Maijor |

Le
Andromeda XY

Carina

oT

Andromeda Il

etus
Andromeda IX

Tucana

0 250 500 7501000

0O 20 40 60 80 100 O 1 2 3 4 5
Visibility (%) Log(mass/luminosity)

dwarf Carina

1000 2000 5000

Mgy (GeV/c?)

200 500 1x 104

10—19_ _
10—20_ _
10°21} //,’:;’:’/’j
b
W
In
10—22 | | L L - N
100 200 500 1000 2000 5000 1 x 10%

Mo (GeV/c?)

Stacking analysis of visible Dwarfs in progress.




Indirect Search for Dark Matter in the Earth

Angular distribution of neutrinos
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Dark Matter density usually not at equilibirum
due to low capture rates by the Earth
Assume annihilation rate <c v>= 31026 cm?3 s
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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 2007-2012
- competitve limits derived especially for low DM masses

First ANTARES limits towards the Galactic Centre
—>best current limits using neutrinos

—>Important complementary constraints on leptophilic Dark
Matter models

Study of other potential signal sources (Earth, dwarf
galaxies, galaxy clusters...) are in progress

Stay tuned for the BIG DARK DISCOVERY !!



