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Indirect Detection of Dark Matter 2
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® No need of specialized detectors: Gamma-ray telescopes, neutrino detectors, CR-experiments
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® 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? 3
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Detection Principle How Do We Detect Neutrinos? 4
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Neutrino Detectors Scientific Scope

> 10° TeV

MeV GeV-TeV <100 TeV >100TeV
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Neutrino Detectors Scientific Scope 6

MeV GeV-TeV <100 TeV >100TeV > 10° TeV
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Dark Matter Searches In a Nutshell 7

d(I),/ B 1 <O‘A?J> dN,/
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Dark Matter Searches In a Nutshell 7
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Dark Matter Searches In a Nutshell 7
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Dark Matter Searches In a Nutshell
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Dark Matter Searches In a Nutshell
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Galactic Center ANTARES & IceCube 8

e ANTARES can use the Earth as a shield to observe the
Galactic Center.

® |ceCube needs a self-veto technique (better

sensitivities at low masses)
pop
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Dark Matter from Celestial Bodies 9
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Celestial Bodies Velocity Distribution 10

Heavy dark matter particles can only be captured at low velocities

Figure from https://arxiv.org/pdf/1308.1703.pdf
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Celestial Bodies Velocity Distribution 10

Heavy dark matter particles can only be captured at low velocities

Figure from https://arxiv.org/pdf/1308.1703.pdf
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Direct detection
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Celestial Bodies Velocity Distribution 10

Heavy dark matter particles can only be captured at low velocities

Figure from https://arxiv.org/pdf/1308.1703.pdf
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Indirect detection Direct detection
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Celestial Bodies Results from the Sun 11

equilibrium!
®* Only events when 0
| -], ->C. >0
Sun is below the L A" e " YN
horizon: 532 days of o Superk (1096 2012)
. . == Antares (2007-2012) &
livetime

®* The mean free path of
TeV neutrinos smaller
than the Sun radius:
Low energy analysis
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107

® Best limits my > 80
GeV
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Celestial Bodies Results from the Earth 12
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* No thermal equilibrium 4| e N

* Analysis very senstive to astrophysical
uncertainties (dark disc, velocity
distribution)
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Decaying Dark Matter Lifetime 13

SM
/ If dark matter is unstable its lifetime must exceed the age
@ —}o of the Universe
N

Not factor 2, no so pronounced in
che 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
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Extra- dod, 1 Q,pc Ood c dN, /
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Decaying Dark Matter Lifetime

* Two IceCube independent data
samples:

* Track-like with six years of data

® Cascade-like with two years of
data

® Dark Matter alone cannot explain
lceCube neutrino flux.

® Bestlimits > 10 TeV

Blois 2019
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Eur. Phys. J. C (2018) 78: 831
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Neutrino Dark Matter Scattering 15

Vv : : : : :
/ vV ® 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 ® Focusing on HE neutrinos (cross-section increases with

V energy)
V
V . Scalar—Fermion Fermion—vector
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[INeutrino 2012, doi:10.5281/7zen0d0.13005006]
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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 signals can be interpreted as Dark Matter. We
need strong corroboration from all searching strategies.

® |ceCube has a lively program of Dark Matiar searches, with very
competitive results.
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CELESTIAL BODIES: 18

» 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.

9 =
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3000 4000 5000
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CELESTIAL BODIES: 19

Effect of uncertainties in velocity distributions for Sun results:

17 Different velocity distributions Different dark disc distributions
p— m
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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: 2

x <'/

Both direct detection and
indirect detection (gravitational
capture) depend on the WIMP-
nucleon cross-section.

Use heavy nuclei as target: Direct
detection

osp X (a,p<Sp> -+ a'n(Sn)) 7 S(O) Sun is full of protons:

Spin independent

Indirect detection
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CELESTIAL BODIES: 2

nucleo% Both direct detection and
Y \ u gaﬁ_ indirect detection (gravitational
d gg_ Su capture) depend on the WIMP-
S :
ug d Ej nucleon cross-section.
u S
2 — Use heavy nuclei as target: Direct
0S1 X A 12l |ependn "D detection
+ 1 5(|q .
o X (an(S.) + a, (S Spin dependent Sun is full of protons:
>0 ( p( p> n( n)) J S(O) Indirect detection
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CELESTIAL BODIES: 2

X
o nuclecy ® Both direct detection and
Y \ - | % u gaﬂ_ indirect detection (gravitational
@ da gg_ Su capture) depend on the WIMP-
S .
ug d Ej nucleon cross-section.
u S
2 — Use heavy nuclei as target: Direct
oqg7 X A Spin independent detection
J+15(q])

osp X (ap(Sp) + an(Sn)) 7 S(O) Sun is full of protons:

Indirect detection

The nucleon structure plays an essential role in calculating observables

Seminar, Padua 2017 Juan A. Aguilar



CELESTIAL BODIES: 2

@ 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
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WIMP Searches From the Sun

21
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Effective Areas Sun
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lceCube Collaboration 2016
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EARTH WIMP 24
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