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More than a century of cosmic-ray physics

… but we still haven‘t identified the sources!
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Gamma-Ray… what?

❖ short, energetic outbursts

Duration: 0.1 - 100 s

Energy: 1049 - 1052 ergs

❖ emission divided in prompt phase and afterglow

❖ 2 classes: 

long GRBs → collapse of massive object

short GRBs → compact object merger

❖ Outflow with high Lorentz factor, collimated in jet
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Ok, and how do they work?
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The multi-messenger picture
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The multi-messenger picture
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The multi-messenger picture
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The multi-messenger picture (propagation)

Cosmic rays get deflected and 

absorbed during propagation, 

have to use other signatures!
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Searching for cosmic-ray signatures
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So, GRBs can't be cosmic-ray sources?

Yes, but need to consider refined models to not violate neutrino limits …
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Globus et al 2014, 

Bustamante et al 2016

Heinze et al 2020

Towards a 

systematic 
study

For different 

engines... … perform a fit to 

UHECR data...

… and compare 

to neutrino limits
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So, GRBs can't be cosmic-ray sources?
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Boncioli et al 2018

Also Murase et al 2006, Zhang 
et al 2017, Samuelsson et al 

2019 & 2020

Can cosmic rays reach ultra-

high energies in the source?

Could we detect more 

LL GRBs with future 

instruments (CTA)? AR, Z. Bosnjak, I. Sadeh,

A. Palladino, W.Winter

Preliminary

Preliminary

… or look at different population!
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Searching for cosmic-ray signatures
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What produces the high-energy emission?

• prompt emission/ afterglow

• cosmic rays / electrons

Asano et al 2012, also Asano et al 2009,

Petropoulou et al 2014, Wang et al 2019, ...





Thank you for your attention!


