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Evidences for DM and Detection Strategies

Atoms

The evidence for the existence of dark matter is very 4.9% o8
solid and at many different scales: ark 68.3%
- Rotation velocities in galaxies and clusters Matter:

26.8%
- Cosmic Microwaves Background

- Gravitational lensing, Bullet Cluster, N-Body sim., ...

Many models proposed:
- From ultra-light axions (<< 1 eV) to MACHOs (~ Solar Mass)
- SUSY WIMPs: Weakly-Interacting Massive Particles (probably the most

followed
We do not know what is dark matter, so it is hard to DM Accelerator production SM
say which is the winning strategy: multi-front attack!
- Direct detection: LUX, XENON, CDMS, DAMA, PICO, ... . Direct
- Indirect Detection: AMS, FERMI, MAGIC, ANTARES, ... detection

- Accelerator production: LHC

+ astrophysical probes (self-interaction of DM affecting dark DM

matter densities in galaxies...) Indirect detecti
nairec etection

SM




Relic WIMPs
captured in o
celesTiql 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 telescopes: Detection principle
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Neutrino telescopes: Scientific Scope
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Other physics: monopoles, nuclearites, Lorentz invariance, efc...







The ANTARES detector
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PHASE 2.0:
ARCA (Astroparticle Research with ORCA (Oscillation Research with
Cosmic Rays) Cosmic Rays)
Test IceCube signal Masss hierarchy (and DM)
Italy France
2x115 lines 115 lines
Sparse configuration Dense configuration

(In the South Pole: PINGU)

PHASE 3: FINAL CONFIGURATION
6x115 lines (in total)

Neutrino astronomy including Galactic sources
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DM searches with ANTARES:

Data and reconstruction strategies

Detector building started in 2006, completed in May 2008

Most of the analyses presented are based on data collected between
2007 and 2012 - 7000 upgoing neutrino candidates (in ~1321 eff. days)

Reconstruction strategies:

— BBFit (32 based) - optimal for low energies/ DM masses (<250 GeV)
— Single line events : reconstruction of zenith angle only - very low energies
— Multiline events: reconstruction of zenith & azimuth angles

— AAFit (likelihood based) 2 high energies/ DM masses (>250 GeV)

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

Selection parameters:
— tchi2: ~)? (BBFit)
— lambda: Quality reconstruction parameter ~ likelihood (AAFit)
— beta: angular error estimate (AAFit)
— Cone opening angle around the Source (or zenith band for single line ev.)



DM searches with ANTARES:

Event selection and background rejection

» 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 (or zenith band for single line events)

» Remaining background estimated from scrambled data



Galactic Centre

WIMPs self-annihilate according to <o,v> (halo model-dependent)

v can propagate with a minimum
of astrophysical uncertainties Earth
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ANTARES visibility of
the Galactic Centre

. m_;---|----|""|"'__"|""I""I""I""I""_:-
¥ F o e ey ey =i
0 - ~ GC visibility 3
20 |- {: - EDG}"G —E i

o S 3
200 |- T = —ooe
150 - T 3
s q —oe
1m'_ =
3 .02
a | | | | |._=.1'-_'|-._| o
o 10 = 30 40 B0 &0 70 B0 @0
")

Effective area for Aafit analysis |

z=EMe

Spectra from Dark Matter annihilations
in vacuum including EW corrections
for 5 main benchmark channels
from M. Cirelli et al., JCAP 1103 (2011) 051
(www.marcocirelli.net/PPPC4DMID.html)
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ANTARES observation of the Galactic Centre
Wlth 2007 2012 data
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using CLUMPY version 2011.09_corr2
A. Chardonnier et al., Comp. Phys. Comm. 183, 656 (2012)
(http://lpsc.in2p3.fr/clumpy)
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Search for Dark Matter towards the Galactic Centre

Comparison to other experiments
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An analysis of the data using the unbinned method is ongoing
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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




Method

@ The used likelihood function is:

log(L) = Z log (%5 Si(cv. Npits, ) + (1 — %) Bi(dec, Npiss, 3))

Unbinned

@ Nyjts is the number of selected hits in the event, 3 the angular

method . . .
error estimate (2 is used for BBFit)
@ The test statistics are generated by:
log [TS] = log [L"*] — log [L(ns = 0)]
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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 Hydrogen inside the Sun
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Indirect Search for Dark Matter in the Earth

Angular distribution of neutrinos
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Baksan 1978-2009 90% C.L. upper limits (17t channel, sun)

Baksan 1978-2009 90% C.L. upper limits (bb channel, sun)

ANTARES 2007-2008 90% C.L. upper limits (W*W= channel, sun)
ANTARES 2007-2008 90% C.L. upper imits (771" channel, sun)
ANTARES 2007-2008 90% C.L. upper limits (bb channel, sun)
Super-Kamiokande 1996- 2001 90% C.L. upper limits

XENON 100 (2012), 90% C.L. upper Lt

LUX (2013), 90% C.L. upper limut

Strege et. al. 15-dimensional MSSM (2014). SI, 68% C.L.

Strege et. al. 15-dimensional MSSM r’1|;]1_1| SL 95% C.L.

Strege et. al. 15-dimensional MSSM 1'3'1-1| SL, 99% C.L.

TeeCube-79 2010-2011 90% C L. upper limits (W™W- (771~ for WIMP mass <80.4 GeV/c2) channel, sun

IceCube-79 2010-2011 90% C.L. upper limits (bb l:hauuel. sun)



Search for Secluded DM in the Sun
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Search for Secluded DM in the Sun

SD Cross-Section Limits
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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)

First ANTARES limits towards the Galactic Centre
—>best current limits using neutrinos
—>important complementary constraints on leptophilic DM models

Indirect search towards the Sun performed by ANTARES with data
recorded in 2007-2012 using unbinned method
- competitive limits derived especially for large DM masses

First constrains to secluded DM models in neutrino telescopes

Study of other potential signal sources (dwarf galaxies, galaxy
clusters, ...) and improvements and updates of these analysis are in
progress, stay tuned

KM3NET:ORCA and ARCA are good complementary detectors for future
DM studies.
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