
Astrofisica Nucleare e Subnucleare 
“GRB” Astrophysics 



Exercise #2 
•  Find David Band’ GRB parametrization in paper (1993) and in 

XSPEC model  

•  Band  et al. 1993 ApJ 413, 281  
•  Find other papers on spectral evolution of GRBs 

–  Ford et al 1995, (II) Peak energy evolution in bright, long bursts 
–  Preece et al 1996 (III) Low-Energy Behavior of Time-averaged Spectra 
–  Preece et al. 1998 (IV) Time-resolved High-Energy Spectroscopy 



The great debate (1995) Flux:10-7 erg cm-2 s-1

Distance: 1 Gpc
Energy:1051 erg

Distance: 100 kpc
Energy: 1043 erg

Cosmological - Galactic? Need a new type of 
observation! 

GRB: where are they? 



Astrofisica Nucleare e Subnucleare 
Position sensitive detectors 









Astrofisica Nucleare e Subnucleare 
Gas Detectors 
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Detector Project 
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Detector Project 
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Coded Mask Imaging 
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Coded Mask Imaging 

The principle of the camera is straightforward:  
photons from a certain direction in the sky project  
the mask on the detector; this projection has the  
same coding as the mask pattern, but is shifted  
relative to the central position over a distance  
uniquely correspondent to the direction of the  
photons. The detector accumulates the sum of  
a number of shifted mask patterns.  
Each shift encodes the position and its strength  
encodes the intensity of the sky at that position.  
 

http://asd.gsfc.nasa.gov/archive/cai/coded_intr.html 
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Coded Mask Imaging 
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Coded Mask Imaging 
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Coded Mask Imaging 



40 

Coded Mask Imaging 
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Coded Mask Imaging 
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Coded Mask Imaging 
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Coded Mask Imaging 
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BeppoSAX (1995 - 2002 ) 



46 

BeppoSAX 
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Phoswich detectors 

Two scintillators with different decay times. Pulse analysis can 
distinguish. Back scintillator used as shield at low energy, as 
detector at high energies. 
 







The BeppoSAX detectors 



The BeppoSAX detectors 
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X-Ray Mirrors 



Nobel prize 2002 – R.Giacconi 

“ … for pioneering contributions to astrophysics,  
which have led to the discovery of cosmic X-ray sources” 



Useful reference 

http://ads.harvard.edu/books/hsaa 
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X-Ray Mirrors 
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•  simultaneous detection of GRBs by GRBM and WFC 
à  very accurate localization (few arcmin) 

GRB960720, Piro et al., A&A,  1998 

The GRB phenomenon  



•  in 1997, thanks to 
BeppoSAX observations, 
discovery of fading X-ray, 
optical, radio emission 
following the GRB  

 

•  photons received during 
the classical GRB 
phenomenon are then 
called “prompt emission” 
and the subsequent fading 
emission is called “afterglow 
emission”    

prompt 

afterglow 

Adapted from Maiorano et al., 
A&A, 2005 

The GRB phenomenon  



GRB970228 – first good localization 
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BeppoSAX 

Kippen et al. (1998)
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Afterglow Observations 

Identificazione delle 
Host Galaxies

Fruchter et al (1999)
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Costa et al. (1997)

BeppoSAX and the Afterglows 

Kippen et al. (1998) Djorgoski et al. (2000)

•  Good Angular resolution (< arcmin) 
•  Observation of the X-Afterglow 

•  Optical Afterglow (HST, Keck) 
•  Direct observation of the host galaxies 
•  Distance determination 
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The compactness problem 

Light curve variability ~ 1 ms 

Non thermal spectra 

•  Fluence (γ):   (0.1-10) x 10-6 erg/cm2 (Ω/4π)   

•  Total Energy:  E ~ 1051  ÷ 1052  erg 

Briggs et al. (1999)
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 Very High Optical Depth to pair production  

 Relativistic motion of the emitting region 

The compactness problem 

Size Pair fraction 

Piran (1999)
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Superluminal motion 
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Superluminal motion 
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Arrival time of “bullets” emission 
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Relativistic effects 

Ghisellini astro-ph/9905181 
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Relativistic effects 

Ghisellini astro-ph/9905181 

δ= γ(1-(V/c)cosθ) 
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The compactness problem 

Light curve variability ~ 1 ms 

Non thermal spectra 

•  Fluence (γ):   (0.1-10) x 10-6 erg/cm2 (Ω/4π)   

•  Total Energy:  E ~ 1051  ÷ 1052  erg 

Briggs et al. (1999)
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The Fireball Model 

Cartoon by Piran (1999)
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The Fireball model 
•  Relativistic motion of the emitting region 
•  Shock mechanism converts the kinetic energy of the shells into radiation. 
•  Baryon Loading problem 

Internal Shocks 
§  Source activity 
§  Synchrotron Emission 
§  Rapid time Variability 
§  Low conversion efficiency 

External Shock 
§  Synchrotron & SSC 
§  High conversion efficiency   
§  Not easy to justify the rapid variability 
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Afterglow Observations 
Harrison et al (1999)

Achromatic Break 

Woosley (2001)
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Jet and Energy Requirements 

Frail et al. (2001)



Relativistic beaming 



Relativistic beaming 



Ø  breaks in the afterglow 
decay light curves -> 
collimation ? 

Jet breaks 
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Progenitors 

Short GRB 

Long GRB 
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Towards a solution? 
Fruchter et al (1999)

Offset from Host Galaxy

Star forming region density 

Galama & Wijers (2000)
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Towards a solution? 

Distance from Host Galaxy Fryer et al. (1999)
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SN- GRB connection 

SN 1998bw - GRB 980425 
chance coincidence O(10-4)
(Galama et al. 98)

SN evidence 
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GRB & SN first predictions 

Hjorth, Fynbo, Dar & Courbin (1999)
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GRB & SN 

Dado, Dar & De Rujula (2003)
GRB 980326 
(Bloom et al. 99)
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Hete2 

2000 - 2008



HETE-2 Science Instrument Package 
French Gamma-ray Telescope 
(FREGATE): 5-500 keV; ~π FOV

Soft X-ray Cameras (SXC):  

1-10 keV; ~30” localizations  

Wide-Field X-ray Monitor (WXM):  
2-25 keV; ~5’-10’ localizations 



The Hete-2 detectors 



Hete-II results 
•  The discovery of GRB 030329 -- connecting GRBs with 

supernovas. 
•  The discovery of GRB 050709 -- the first short/hard GRB with 

optical afterglow -- the cosmological origin of this subclass of 
GRBs. 

•  Dark bursts…. Some of these dark GRBs fade in the optical 
very rapidly, others are dimmer but detectable with large 
(meter class) telescopes. 

•  The establishment of another subclass of GRBs, the less 
energetic X-Ray Flashes (XRF), and its first optical 
counterpart. 

•  The first to send out arcminute positions of GRBs to the 
observation community within tens of seconds of the onset of 
GRB (and in a few instances, while the burst was ongoing). 



GRB050709 

(Fox et al. 2005)
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GRB 030329: the “smoking gun”? 

(Matheson et al. 2003)



Classificazione delle SNe 



Classificazione delle SNe 
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Collapsar model 

•  Very massive star that collapses in a rapidly spinning BH.  
•  Identification with SN explosion. 

Woosley (1993)



Radial transformations 



Radial transformations 


