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Assumption N'1: Dark Matter Exists J—— 2
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Assumption N°2: Dark Matter is a Particle.. 3

Qmatter — QBaryons +QvHDM +QCDM ~ OOS"' 001+ 0.24 — 030
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Indirect Detection of Dark Matter A
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e your favorite theory

® No need of specialized detectors: Gamma-ray telescopes, neutrino detectors, CR-experiments

® Search for products of dark matter annhilation processes: Focus on large reservoirs of dark matter
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Dark Matter Searches Where to Look? 5

Dwarf spheroidal Galaxies
Cluster of Galaxies °

Probe velocity-averaged DM Galactic Halo

annihilation cross section (vaA)
Probe velocity-averaged DM

annihilation cross section (vo, )

N

N\ Galactic Center
®

Probe velocity-averaged DM
annihilation cross section (vo,)

Local Sources (Sun, Earth)

Only accessible with neutrinos ®
Under equilibrium they can
probe Osand Osp
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The Galactic Center The Astrophysical Input 6

Astrophysics

Astrophysics
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Cuspy, or not cuspy.
that is the question
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Dark Matter Searches In a Nutshell

1 @@,

Theory input: SUSY?

Astrophysics input

Measurement

Constrain!

Declination [deq]
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Galactic Center ANTARES & IceCube
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Dark Matter from Celestial Bodies 9

annlhllatlon
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® Signal from t.he. Sunor Earth in neutrinos = 0] Dlocal ~ 0.3 GeV/cm?
cannot be mis-interpreted as an % 102}
astrophysical source. SERL
= 10
®* Halo models agree in the Solar System. T 1 p——
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Celestial Bodies Velocity Distribution 10

High dark matter masses are only captured in the low velocity regime

Figure from https://arxiv.org/pdf/1308.1703.pdf
Vo = 235 km/s - SHM Standard Halo Model =

Maxwellian

< mMatched . Maxwellian with Vesc
to peak

f(v) [107° (km/s) ]

('\' Vesc = 544 km/s

0 1 100 200 300 o

. . v |km/s .
Indirect detection fan /s Direct detection
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https://arxiv.org/pdf/1308.1703.pdf

Celestial Bodies Results from the Sun 11
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® The mean free path of TeV neutrinos % |

smaller than the Sun radius: Low
energy analysis
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Celestial Bodies Results from the Earth 12
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®* No thermal equilibrium

® Background needs to be very well
understood: Earth has an unique position
in the sky.

®* Analysis very senstive to astrophysical ,
uncertainties (dark disc, velocity R

distribution) 327 days
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Decaying Dark Matter Lifetime 13

SM
/ Kinematically dark matter could decay as long as the
e —}o lifetime is greater than the age of the Universe.
N

Not factor 2, no so pronounced in
the direction of the GC

dd 1 1 dN, [2Y
' g t d(? v.0))d
Galactic dE, _ dnm iz, /. /l O.SPX(T(S’ ,0))ds

constrain Extra-galactic component can be
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Decaying Dark Matter Lifetime 14

IlceCube Collaboration arXiv:1804.03848

* Two IceCube independent data Y
samples: 102 L T T
* Track-like with sixyearsofdata Z_ , - /
e Cascade-like withtwoyearsof £ r=--
= 27 ,
data MR I S
* Dark Matter alone cannot explain & 1g2 - -
. e |
lceCube neutrino flux. E —— LceCube (this work)
L. 10%° = —— HAWC (dSph, 2018)
® Bestlimits > 10 TeV —— HAWC (GC, 2018)
—— Fermi/LAT (2012)
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Neutrino Dark Matter Scattering 15

/V vV oy ® Scattering of high energy cosmic neutrinos on DM in the halo
/‘/ Y, can lead to a deficit of high energy neutrinos from the GC
° —V
\."'\‘\ \Y ® Focusing on HE neutrinos (cross-section increases with
\ Y v energy)
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Conclusions 16

* Indirect detection of Dark Matter with neutrino telescopes provides
complementarity to other techniques due to different backgrounds
and systematics. — —

® Many astrophysical sighals can be |nt I W
need strong corroboration from al 2gjes.
® [ceCube has a lively 2r searches, wi

competitive result:
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Thank you for your attention
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2nd GNN Workshop on Indlrect Dark Matter Searches with Neutrmo Telescopes
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CELESTIAL BODIES: 19

» The mean free path of neutrinos of 5000 GeV is smaller than the Sun radius
» Indirect searches from the Sun are low-energy analysis even for the highest
dark matter masses.
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CELESTIAL BODIES: 2

Effect of uncertainties in velocity distributions for Sun results:

17 Different velocity distributions Different dark disc distributions
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A dark matter disc will have a significant (good) impact on the capture rate for the Sun/Earh
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CELESTIAL BODIES: 21

@ nucleon @ X Both direct detection and
X \ -® / d% U gaﬂ_ indirect detection (gravitational
o < d gga Su capture) depend on the WIMP-
\ 2@ ug d - nucleon cross-section.
@ u s
Ogr X A2 Spin independent :::ell:ii\l?/ nuclei as target: Direct

J+185 .
osp X (ap(Sp) + an(Sn)) j Sg(lg“)) Sun is full of protons:

Indirect detection

The nucleon structure plays an essential role in calculating observables

° Sl SD
But it seems to affect more o>'than o R. Ruiz, C. de los Heros arXiv:1307.6668

Seminar, Padua 2017 Juan A. Aguilar



WIMP Searches From the Sun

22
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Complementary to direct detection search efforts
fills out WIMP picture by testing other properties
Most stringent SD cross-section limit for most models
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Effective Areas Sun 23
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ESDU 2018
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lceCube Collaboration 2016
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EARTH WIMP 25
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