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Summary

● What is astroparticle physics and why is it important?

● How do we observe astroparticles?

● Selected research topics
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What is astroparticle physics and 
why is it important?
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Observing the Universe
crab nebula
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A map of the Universe
in gamma rays
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The high-energy Universe
AGN, GRB, Fermi bubbles
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Energy scales
photons
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300 GeV =  3x1011 eV



Photon production
examples
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Energy scales
charged particles
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Energy scales
cosmic accelerators
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Energy scales
cosmic accelerators

3 eV

300 GeV =  3x1011 eV

1 PeV = 1015 eV

1.5 eV

10 keV =  104 eV

7 TeV = 7x1012 eV

100 EeV = 1020  eV
ultra-high energy cosmic rays
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Astroparticle physics
what it is

Study of particles with cosmic origin:
● charged particles (cosmic rays)
● gamma rays
● neutrinos
+ gravitational waves
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Astroparticle physics
no ideal messengers
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Astroparticle physics
scientific relevance

● Fundamental particle physics (e.g. neutrino oscillations, 
cross sections)

● Searches for new physics phenomena (e.g. dark matter, 
magnetic monopoles)

● Production mechanisms of highest energy particles
● Modelling of astrophysical sources
● Others
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How do we observe astroparticles?
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Cosmic rays
northern lights? 

16



Cosmic rays
an accidental discovery
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2022



Cosmic rays
atmospheric particle showers

18it’s raining muons



Cosmic rays
more energetic, more rare
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Cosmic rays
how to observe them?
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Cosmic rays
how to observe them?
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AMS

SWGO
Auger



Low-energy cosmic rays
AMS
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Very-high energy gamma rays
SWGO
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in the phase 
of design



Ultra-high energy cosmic rays
Pierre Auger Observatory
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Pierre Auger Observatory
with the size of Minho

1661 tanks
3000 km2
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Pierre Auger Observatory
water-Cherenkov tanks
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https://docs.google.com/file/d/1s5VmEnPtbKBpJLJhjgo-Ogo2Z3FP_zvA/preview


Pierre Auger Observatory
visualizing events
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https://docs.google.com/file/d/1AWZaF1xAPcUMwm999tmXniEdm0PDG-Bt/preview


Selected research topics
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Sources of the highest energies
extragalactic origin
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Interaction cross sections
fundamental physics in the sky
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Dark matter searches
SHDM models predicted decays
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Multi-messenger astrophysics
GW follow-up observations
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Multi-messenger astrophysics
a planetary observatory
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Applied cosmic-ray physics
muon tomography

34



Thanks for the attention!
Questions?

You may contact me at:
raul@lip.pt
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