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Origine: 
  
Big Bang Nucleosintesi 
 
 
Stelle massive 
 
 
Esplosioni di Supernova /  
Merging di Stelle di Neutroni 
 
 
 
Interazioni con raggi cosmici 

Tavola periodica degli elementi  ============ > 



La nebulosa del Granchio (Crab Nebula)  
Supernova osservata dalla Cina nel 1054 

Infrarossi Ottico Raggi-X Radio 



Energia delle particelle accelerate 
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Cyclotron Berkeley 1937 

Saturne, Saclay, 1964 

 Fisica Nucl. e S.  ⇒ Astrofisica Nucl. e S. 

LHC CERN, Geneva, 2005 

Acceleratori Terrestri  Acceleratori Cosmici   

Active Galactic Nuclei 

Binary Systems 

SuperNova 
 Remnant  
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Ultra High Energy from Cosmic Rays 
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From laboratory accelerators From cosmic accelerators  

FNAL  LHC FNAL  LHC 

Flux of cosmic ray particles 
       arriving on Earth 

Particle cross-sections measured  
     in accelerator experiments 

Ultra High Energy Particles arrive from space for free: make use of them 

 Colliders  Colliders 
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AGNs 

SNRs Cold Dark  
Matter 

Pulsars 
GRBs 

Tests on 
Quantum 
Gravity 
effects 

Cosmological γ ray 
horizon 

Science Objectives 
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Compact objects 
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Jets 
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Accretion 



keV-MeV gamma-ray 
astrophysics 



Swift 



GRB 



Gravitational Waves 



Gravitational Waves 



Gravitational Waves 
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INTEGRAL 
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INTEGRAL 



Solar Thermonuclear Cycles 
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Stellar collapse and neutrinos 





Dopo GW 170817 



GeV gamma-ray astrophysics 



AGILE 
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Fermi/GLAST 
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The galactic plane 



Cosmic Rays Propagation 
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Supernova Remnants 
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Pulsars 



Dark Matter 



Dark Matter 
Evidence : 
      Need to hold together Galaxy Clusters 
      Explain Galaxy Rotation velocities 
 

Astronomy object candidates : 
       Brown Dwarfs  (stars  mass <0.1 Msun no fusion)   
           - some but not enough    
       White Dwarfs  ( final states of small stars)  
           - some but not enough 
       Neutron Stars/Black Holes ( final states of big stars.)  
           - expected to be rarer than white dwarfs 
      Gas clouds   
           - ∼75%  visible matter in the universe, but observable 
  

Particle Physics candidates:   
      Neutrinos 
           - Evidence for mass from oscillation, not enough 
      Axions 
           - Difficult to detect …. 
      Neutralinos 
           - Particle Physicist Favourite !                  



AntiMatter 



TeV astrophysics 
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Imaging  Atmospheric  Cherenkov  Telescopes 

The principle: 

A telescope placed inside the 
(huge) Cherenkov light pool 
can obtain an image of the 
development of the shower 
above the LONS fluctuations 

Direction of primary γ - ray 
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MAGIC 
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Active Galactic Nuclei 
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Active Galactic Nuclei 
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γ γ ⎯⎯→ e+ e- 

⇒ Attenuation of γ rays 
through interaction with 
background radiation  



 Acceleratori Cosmici: ( Hillas Plot)    

E ∼ Z B L Γ 
Z: Charge of particle 
B: Magnetic field 
L: Size of object 
Γ: Lorentz factor 
       of shock wave 

L 

B 

GRB (artist) 

Crab Pulsar 

Vela SNR 

3C47 

Centurus A 

M87 
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UHECR physics 



HE neutrinos 
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Organizzazione del corso 
•  Lezioni frontali  

–  Introduzione agli argomenti di Astroparticelle e 
Astrofisica Nucleare  

•  Journal Club  
– Lettura di articoli di riferimento del settore  
– Discussione a lezione  

•  Seminari  
–  Invito di esperti del settore (presso UniTs / INFN Ts / 

INAF Ts)  



Data Analysis 
•  Gamma Ray data analysis 

– Analysis of MeV GRB data  
– Analysis of GeV Gamma ray data 
– Analysis of TeV Gamma ray simulated data 

•  Analysis of Multiwavelenght data  
– Look for CR open data  

•  Simulations of Astroparticle experiments  
– G4 simulation toolkit introduction 



Testi  



Testi  
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L’INFN 
La fisica delle Astroparticelle 
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www.infn.it 

L’INFN 



I laboratori dell’INFN 

www.lngs.infn.it 



I laboratori del Gran Sasso 



I meccanismi delle Stelle 

L’esperimento LUNA 



La Materia Oscura 

L’esperimento DAMA 



I laboratori Nazionali del Sud 

www.lns.infn.it 



I neutrini astrofisici 



I neutrini astrofisici 



I laboratori Nazionali di Legnaro 

www.lnl.infn.it 



Le onde gravitazionali 



Il progetto SPES 
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Il progetto SPES 
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