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What are cosmic rays?
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Composition

Protons: 88 %

Helium: 10 %

Other nuclei: 1 %

Electrons: 1 %
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Energy spectrum
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Direct measurements
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Multi-wavelength emission
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Multi-wavelength emission

Hadrons

π0 decay

Leptons

Inverse Compton Scattering

Synchrotron

Bremsstrahlung
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Nucleons

Adriani et al. (2011) Adriani et al. (2009a)
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http://adsabs.harvard.edu/abs/2011Sci...332...69A
http://adsabs.harvard.edu/abs/2009PhRvL.102e1101A
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Nucleons

Adriani et al. (2011)
DAMPE collaboration (2019)
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http://adsabs.harvard.edu/abs/2011Sci...332...69A
https://advances.sciencemag.org/content/5/9/eaax3793
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Leptons

HESS collaboration (2017)
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https://www.mpi-hd.mpg.de/hfm/HESS/pages/home/som/2017/09/
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Leptons

Adriani et al. (2009b)

Weidenspointner et al. (2008)
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http://adsabs.harvard.edu/abs/2009Natur.458..607A
http://adsabs.harvard.edu/abs/2008Natur.451..159W
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Where do they come from?
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Fermi acceleration mechanism
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Supernova remnants (SNR)
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Pulsar Wind Nebulae (PWN)
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Active Galactic Nuclei (AGN)
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Active Galactic Nuclei (AGN)
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Not-so-dark matter (DM)
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Why do we care?
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Multi-wavelength emission
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Multi-wavelength emission
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Multi-wavelength emission
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Have we detected dark matter?

Wechakama & Ascasibar (2014)
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https://ui.adsabs.harvard.edu/#abs/2014MNRAS.439..566W/abstract
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Have we detected something else?

Vela pulsar Nearby SNR

Fornieri et al. (2020)
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https://ui.adsabs.harvard.edu/abs/2020JCAP...02..009F/abstract
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Galaxy formation, evolution and structure
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Summary

What are cosmic rays?

Relativistic particles
(nucleons and leptons)

Where do they come from?

Shock waves and
magnetic fields

Dark matter?

Why do we care?

Nature of dark matter

Galaxies

observable properties
non-thermal pressure
heating and ionisation

Thank you!
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