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in today's class...

‣ particle acceleration 
✦ paradigms 
✦ Fermi 2nd order 
✦ Fermi 1st order 
✦ gravitational
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introduction



‣ bullet 1 

‣ bullet2 

✦ sub-bullet 1  

✦ sub-bullet 1

the all-sky multi-messenger spectrum
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what produces such 
energetic particles?



‣ bullet 1 

‣ bullet2 

✦ sub-bullet 1  

✦ sub-bullet 1

earthling accelerators
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the all-sky multi-messenger spectrum
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cosmic rays 
photons 
neutrinos

neutrinos

photons

LHAASO

photons



‣ bullet 1 

‣ bullet2 

✦ sub-bullet 1  

✦ sub-bullet 1

the Milky Way with different messengers
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what is this course about?
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how are particles accelerated to high energies? 
where does acceleration happen? 

how do these particles travel to Earth?
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particle acceleration



acceleration paradigms
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‣ top-down models 

✦ cosmic strings 

✦ topological defects 

✦ super-heavy dark matter 

✦ Z-bursts 

✦ other exotic mechanisms

‣ bottom-up models 

✦ electromagnetic acceleration 

✦ gravitational acceleration



‣ bullet 1 

‣ bullet2 

✦ sub-bullet 1  

✦ sub-bullet 1

Fermi 2nd order: stochastic shock acceleration
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