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• Program

– Locations of indirect signals

– Possible processes and signal rates: annihilation and decay

– Particle propagation and detection
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• Material for the lecture:

Figure 1: (Right) Schematics of the IceCube detector. Figure from Into the Ice: Completing the IceCube
Neutrino Observatory, Berkeley Lab. (Left) Schematics of the SuperKamiokande detector. Figure
from SuperKamiokande homepage.



Figure 2: Ice Cube searches for self-annihilating dark matter in nearby galaxies and galaxy clus-
ters. Top left: upper limits for annihilation intoW+W− for dwarf galaxies. Top right: upper limits
for the Virgo cluster for annihilation into bb, W+W−, τ+τ−, µ+µ−, and νν. Bottom left: upper
limit for Segue 1 for annihilation into W+W− including astrophysical uncertainties. Bottom right:
upper limits for the Coma and Virgo clusters and the Andromeda galaxy (W+W− annihilation)
assuming a pure NFW profile (dashed) and taking into account substructures within halos (solid).
Figures from IceCube collaboration, Phys. Rev. 88 (2013) 122001.

Figure 3: Examples of signals in one of the MAGIC Chrenkov telescopes. Figures from the MAGIC
Collaboration (homepage).



Figure 4: (Left) Imaging Cherenkov telescope. Figure from Hinton & Hofmann, Annu. Rev. As-
trophys. 47 (2009) 523. (Right) Scheme of the the FermiLAT instrument from Fermi homepage.

Figure 5: Schematic of grazing X-ray telescope illustrating the principle of grazing incidence re-
flection and focussing of X-rays. Figure from Chandra homepage.

Figure 6: (Left) XMM-Newton data in the region (3 − 4)keV stacking several galaxy clusters.
Figure from E. Bulbul et al., ApJ 789 (2014) 13. (Right) Schematics of AMS from the homepage.



Figure 7: Compilation of data in charged cosmic rays: positron fraction (left) and sum of electrons
and positrons (right). Figure from M. Cirelli (2015) arXiv:1511.02031.

Figure 8: Summary figure of the current most stringent bounds on dark matter annihilation in
different channels and from different searches. The data originates from AMS-02, Fermi, CMB,
HESS, ANTARES and IceCube. Figure from M. Cirelli (2015) arXiv:1511.02031.


