
Astrofisica Nucleare e Subnucleare 
Introduzione 



Astrofisica Nucleare e Subnucleare 

 Fisica  
Nucleare  
e Subnucleare 

  Astronomia e  
Astrofisica 

 
Cosmologia 

ASTROFISICA 
NUCLEARE 

E SUBNUCLEARE 

( Fisica Astroparticellare/Astrofisica Particellare ) 





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 
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Cyclotron Berkeley 1937 

Saturne, Saclay, 1964 
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LHC CERN, Geneva, 2005 

Acceleratori Terrestri  Acceleratori Cosmici   

Active Galactic Nuclei 

Binary Systems 

SuperNova 
 Remnant  



Astronomia 



 
 
 

8 
     

Comprendere l’Universo 



VIA LATTEA: La nostra Galassia 

Lund Observatory 



Galassia simile alla Via Lattea 

Galassia 
Spirale  

NGC 628 

Gemini North 

Il sole sarebbe 
circa qui 



Scale Astronomiche  

4.5 pc 

450  kpc 

150  Mpc 

Stelle  

Galassie 

Gruppi di  Galassie 

1 pc (1 parsec  ) = 3 anni luce 



Milky Way Galaxy 

Magnetic field 
   ∼ few µG 



Gruppi (Cluster) di galassie 
circa 50 volte le dimensioni  della Via Lattea. 

Abell2218 

HST 

Archi 

effetto di lente 

gravitazionale su 
immagine di galassie 

piu’ distanti.  
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Espansione dell’universo 

Edwin Hubble 

Mt. Wilson 
100 Inch 
Telescope 

Velocita’ delle galassie 
proporzionale alla distanza: 
 
v= H r 
 
H ~ 70 km/sec / Mpc  
  

Cosmologia 



Big Bang tempo dopo il big bang 
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3000 K 

1010 K 

300000 anni   100 s 

Formazione degli atomi neutri 
e l’universo diventa 
trasparente alla luce 

T (K) ~ 1010/t½ (s) 
Equilibrio di n e p 
Poi Nucleosintesi 

nuclei  atomi  



Modello Standard: 
 
FERMIONI  
Leptoni e quark 
Costituenti  Della Materia 

e BOSONI 
Fotoni/W,Z, gluoni 
Portatori di Forza:  
Elettromagnetica/ 
Nucleare Debole, 
Nucleare Forte 
Gravitazionale? 



20 

MODELLO STANDARD : Fermioni (Costituenti) e Bosoni (Mediatori) 



Unificazione delle Forze  

time since Big Bang 



? 

 Multi-Wavelength Photons 

 Infra-rouge 

Ondes radio 

Lumière visible 

Rayons X       

 Rayons gamma      

Neutrinos 

Satellite 
 COBE 

Radio télescope 
de Bonn 

Télescope du 
Mont Palomar 

Satellite 
INTEGRAL     

 Satellite 
CGRO      

Télescope 
à neutrinos 
ANTARES 

Radio 

Gamma Ray 

Infrared 

X-ray 

Visible light 



Particle Acceleration 

R  ∼ 1015km, B ∼ 10-10T   ⇒ E ∼ 1000 TeV 

R  ∼ 10 km, B ∼ 10 T         ⇒ E ∼ 10 TeV 

Large Hadron Collider 

Tycho SuperNova Remnant 

E ∝ BR 

( NB.  E ∝ Z → Pb/Fe higher energy) 



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 



Extreme Universe Scales 

10-45sec 

10-40 

10-35 

10-30 

10-25 

10-20 

10-15 

10-10 

10-5 

105 sec 

1 

1 year 
103 

106 

109 year 

Time  
(sec) 

Temp. 
    (oK) 

1018 

1015 

1012 

109 

1PeV 

1TeV 

1GeV 

1MeV 

1KeV 

1eV 

1030 

1025 

1020 

1015 

1010 

105 

1 

Energy 
(GeV) 

10-3eV 

Planck 

EW 

Now 

GUT 

Big Bang 

Active Galactic Nuclei 
Gamma Ray Burst 

Pulsars 

UHECR 



Astrofisica Nucleare e Subnucleare 
Astrofisica Gamma – Overview 
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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 







Dopo GW 170817 
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INTEGRAL 
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INTEGRAL 



Solar Thermonuclear Cycles 
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Stellar collapse and neutrinos 



GeV gamma-ray astrophysics 



AGILE 



46 

Fermi/GLAST 
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The galactic plane 



Cosmic Rays Propagation 
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Unidentified Gamma-Ray Sources 

(Gehrels et al. 2000)

(Butt et al. 2002)
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Supernova Remnants 
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CR acceleration and interactions 
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Pulsars 
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Active Galactic Nuclei 
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Active Galactic Nuclei 



Dark Matter 



Rotazione delle Galassie 

velocity, v 
radius, r 

Luminous stars only small fraction of mass of galaxy 



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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Bremmstrahlung

Pair production 

Extensive Air Showers 

Gamma rays initiate  showers of 
charged particles (mainly e ±) on 
entering the atmosphere 

The air shower develops along 
the direction of the primary 
gamma 

High energy  e±  with v > c/n emit 
Cherenkov light which reaches 
ground level as a short flash (≈ 3 
ns) 
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CR shower in the atmosphere 
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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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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 

shower top 

shower tail 

Direction of primary γ - ray 
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MAGIC 
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Supernova Remnants 
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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 



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 

 Fixed target 
  beamlines 
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UHECR physics 



HE neutrinos 



Particle Acceleration 

R  ∼ 1015km, B ∼ 10-10T   ⇒ E ∼ 1000 TeV 

R  ∼ 10 km, B ∼ 10 T         ⇒ E ∼ 10 TeV 

Large Hadron Collider 

Tycho SuperNova Remnant 

E ∝ BR 

( NB.  E ∝ Z → Pb/Fe higher energy) 



Extreme Universe Scales 

10-45sec 

10-40 

10-35 

10-30 

10-25 

10-20 

10-15 

10-10 

10-5 

105 sec 

1 

1 year 
103 

106 

109 year 

Time  
(sec) 

Temp. 
    (oK) 

1018 

1015 

1012 

109 

1PeV 

1TeV 

1GeV 

1MeV 

1KeV 

1eV 

1030 

1025 

1020 

1015 

1010 

105 

1 

Energy 
(GeV) 

10-3eV 

Planck 

EW 

Now 

GUT 

Big Bang 

Active Galactic Nuclei 
Gamma Ray Burst 

Pulsars 

UHECR 



Energia delle particelle accelerate 

D
ia

m
et

ro
 d

el
l’a

cc
el

er
at

or
e 

Cyclotron Berkeley 1937 

Saturne, Saclay, 1964 
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Conclusions 
•  Origin of CR: SNR? 
•  AGN: leptonic or hadronic jet model? 
•  Unidentified gamma sources: what are they? 
•  Gamma-ray Bursts: what powers them? 
•  The transparency of the Universe … 
•  What the sources of HE neutrinos?  
•  What is the nature of DM?  
•  Are there EM counterparts of GW?  
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Astrofisica Nucleare e Subnucleare 
Introduzione - 2 



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

L’INFN 
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L’INFN 



I laboratori dell’INFN 

www.lnf.infn.it 



Nuovi meccanismi di accelerazione 



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 neutrini? 

L’esperimento Opera 



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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Il progetto SPES 
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Astrofisica Nucleare e Subnucleare 
Introduzione - 3 



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  
– Open GW data analysis  

•  Simulations of Astroparticle experiments  
– G4 simulation toolkit introduction 



Testi  



Testi  


