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• WHAT DOES ASTROPHYSICS TEACH US ABOUT PARTICLES? 
• WHAT DO PARTICLES TEACH US ABOUT ASTROPHYSICS?



Some info about me
• Numerical Astrophysicist  

• Prof. Associato at  Dipartimento di 

Fisica ed Astronomia since 2020 

• I study the origin of extragalactic 
magnetic fields and cosmic ray 
acceleration in cosmic structures. 

• I produce large numerical 

simulations and use them to 

intepret real (mostly radio) 

observations   

• I will teach “Astroparticles” for the 

4rd year 

➡ https://cosmosimfrazza.eu
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Overview of the Standard Model  
of Particle Physics

• FUNDAMENTAL PARTICLES 
• FUNDAMENTAL FORCES 
• SYMMETRIES AND RULES 
• OPEN PROBLEMS



Acceleration of low energy cosmic rays  
by solar flares

• RECONNECTION, ELECTRIC FIELD ACCELERATION



Acceleration of cosmic rays by Supernova Remnants

• FERMI ACCELERATION 
• MODIFIED SHOCKS  
• HADRONIC MECHANISM AND Γ-RAY 

EMISSION IN THE ISM



Acceleration of cosmic rays by Cluster Mergers

• FERMI ACCELERATION BY SHOCKS AND TURBULENCE 
• RADIO EMISSION



Galactic Cosmic Rays

• SOURCES AND PROPAGATION 
OF COSMIC RAYS IN GALAXIES 

• DIFFUSIVE VS TURBULENT 
PROPAGATION



Ultra-high-energy Cosmic Rays 

• PHYSICS & MYSTERIES OF THE HIGHEST ENERGY 
PARTICLES IN THE UNIVERSE 

• SOURCES, PROPAGATION AND ENERGY LOSSES



Direct & Indirect Detection of Cosmic Rays

• METHODS & INSTRUMENTS 
TO DETECT COSMIC RAYS 
ABOVE AND BELOW THE 
ATMOSPHERE 

• FUTURE INSTRUMENTS (CTA)



Neutrinos

• SOURCES OF GALACTIC AND 
EXTRA GALACTIC NEUTRINOS 

• NEUTRINOS AND BLAZARS 
• NEUTRINO OSCILLATIONS



Dark Matter

• POSSIBLE CANDIDATES 
DARK MATTER PARTICLES 

• DETECTION TECHNIQUES 
AND EXISTING BOUNDS



some numbers
IN 2022-23 
• 7 STUDENTS GAVE THE EXAM 
• AVERAGE MARK 27.7 (3 WITH 30) 
• 2 MASTER THESIS  
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Books

Prof. Malcom Longair 
Emeritus Jacksonian Professor of Natural Philosophy 
Director of Development, Cavendish Laboratory 
Emeritus Professorial Fellow of Clare Hall

“High Energy Astrophysics” 



Books

Prof. Maurizio Spurio 
Dipartimento di Fisica e Astronomia

“Probes of Multimessenger  
Astrophysics” 

You can download from Insegnamenti 
Online from the course of Astroparticle 
Physics by M. Spurio 
(kindly made available by the author also 
for this course) 


