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BeppoSAX (1995 - 2002 ) 
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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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•  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  



6 

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	
  OpQcal	
  Depth	
  to	
  pair	
  producQon	
  	
  

	
  RelaQvisQc	
  moQon	
  of	
  the	
  emiWng	
  region	
  

The compactness problem 

Size Pair fraction 

Piran (1999)
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The Fireball model 
• 	
  RelaQvisQc	
  moQon	
  of	
  the	
  emiWng	
  region	
  
• 	
  Shock	
  mechanism	
  converts	
  the	
  kineQc	
  energy	
  of	
  the	
  shells	
  into	
  radiaQon.	
  
• 	
  Baryon	
  Loading	
  problem	
  

Internal Shocks 
§  Source	
  acQvity	
  
§ 	
  Synchrotron	
  Emission	
  
§ 	
  Rapid	
  Qme	
  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)



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

Jet breaks 
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GRB for Cosmology 

Amati et al. (2002) 
Ghirlanda et al. (2004) 



SN Ia Cosmology 
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GRB for Cosmology 

Ghirlanda et al. (2004)





Ghirlanda et al. 2006 A&A  

Ghirlanda et al. 2006 JOP Review, GRB Special Issue  

q  results obtainable with 150 GRBs with estimates of z, Ep,i and tb 



Caveats 



Luminosity	
  distance	
  



The	
  Luminosity	
  Distance	
  

astro-ph/9905116v4 



Luminosity	
  distance	
  and	
  redshi\	
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n  Burst	
  Alert	
  Telescope	
  (BAT)	
  
n  New	
  CdZnTe	
  detectors	
  
n  Most	
  sensi8ve	
  gamma-­‐ray	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

imager	
  ever	
  

n  X-­‐Ray	
  Telescope	
  (XRT)	
  
n  Arcsecond	
  GRB	
  posi8ons	
  
n  CCD	
  spectroscopy	
  

n  UV/Op8cal	
  Telescope	
  (UVOT)	
  	
  
n  Sub-­‐arcsec	
  posi8ons	
  
n  Grism	
  spectroscopy	
  
n  24th	
  mag	
  sensi8vity	
  (1000	
  sec)	
  
n  Finding	
  chart	
  for	
  other	
  observers	
  

n  Autonomous	
  re-­‐poin8ng,	
  20	
  -­‐	
  75	
  s	
  
n  Onboard	
  and	
  ground	
  triggers	
  

Instruments

Spacecraft

Swi\	
  Instruments	
  

BAT

XRT

Spacecraft

UVOT

BAT 

UVOT 

XRT 



Swift 

•  BAT (15-350 keV). Large (2 sr) field of view – detects 
bursts with arc min accuracy. And tells observers 
immediately. 

•  Swift automatically determines if it can view the GRB, and 
if so, slews to it. 

•  XRT (0.3-10 keV) and UVOT (~1000-6000 Å) begin 
observing typically within 100 s of the trigger.  

•  XRT can automatically detect afterglows, and downlinks 
limited data immediately. ~90% of BAT GRBs have 
promptly detected XRT afterglows. 

Details 
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SWIFT 



Exercise	
  #3	
  

•  Check	
  and	
  navigate	
  into	
  Swi\	
  web	
  sites	
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SWIFT 

h`ps://swi\.gsfc.nasa.gov/	
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SWIFT 
h`ps://www.swi\.ac.uk/index.php	
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SWIFT h`ps://swi\.asdc.asi.it/	
  



Discoveries in the Swift era 
 

①  X-ray afterglow of short GRBs 
②  Prompt optical-IR emission and very early 

optical afterglows 
③  X-ray flares from GRB 
④  Early steep decay of X-ray afterglows 



Swift data 



Questions for Swift 

•  Do short GRBs have afterglows, and hence can we locate 
them more precisely? 

•  Can we pin down the progenitors? 

•  Are there new subclasses of GRBs? 

•  Can we find high-redshift bursts and study the early 
universe? 



Swift discoveries 

•  GRB 050509B was a short GRB discovered by Swift, with 
an X-ray afterglow reported 2:29 after the trigger.  

Short GRBs. 

VLT	
  image	
  
Hjorth	
  et	
  al.	
  •  Outskirts of an elliptical 

galaxy. 
•  Later sGRBs had optical 

afterglows too. 

•  Subsequently found in all 
galaxy types. 



Swift discoveries 

•  Short GRBs found in all types of galaxy – old population 
(compact merger/magnetar)‏ 

•  Long GRBs always found in star forming galaxies and 
regions – deaths of massive stars. 

Progenitors 



Swift discoveries 

•  Blurred the distinction between “short” and “long” bursts, 
and made it more detector-dependent.  

Short GRB with extended emission 

Barthelmy et al. 
2005 



Swift discoveries 

•  GRB 060614 and GRB 060505 were nearby, apparantly 
long GRBs, with no related supernova, down to deep 
limits. 

•  The GRB taxonomy is clearly more complex than 
previously thought. 

•  Maybe a new, progenitor-based classification is needed? 

Long GRBs with no SNe 



Ultra	
  Long	
  GRBs	
  

GRB 111209A 



Swift discoveries 

•  17 GRBs observed by Swift have z>3.5 

•  10 have z>4, and 5 have z > 5 – a large, rapidly growing 
population of distant objects. 

•  GRB 050904 was at z=6.29 (Cusumano et al. 2007)‏ 

•  GRB 080913 was at z=6.7, and was a fainter-than-normal 
burst! (Greiner et al. 2009) 

•  GRB 090423 was at z=8.26 !!!! 

•  GRB 090429B was at z=9.2 !!!!!! 

High redshift bursts 



High redshift GRB 



High z - searches 



Swift discoveries 

•  Strong, achromatic light curve steepening was expected 
in most/all GRBs – it's now exciting if we think we've got 
one! 

•  They could be hidden (Curran et al. 2008), or we're not 
considering enough possibilities (Racusin et al. 2009)‏ 

•  Perhaps the jets are structured/complex, so breaks are 
not achromatic? (e.g. Oates et al. 2007, de Pasquale et 
al. 2008). 

Where are the jet breaks? 



A\erglows	
  in	
  the	
  Swi\	
  era	
  …	
  



A\erglows	
  in	
  the	
  Swi\	
  era	
  



Swift discoveries 

•  Very bright – reached mv=5.3 

GRB 080319B 

Movie from 
Pi of the sky. 



Swift discoveries 

•  Very bright – reached mv=5.3 

•  z=0.9 

•  If it were at the Galactic centre, it would appear as bright 
as the Sun! 

•  Bright in X-rays and Gamma-rays, but nothing like as 
extraordinary as in the optical. 

•  Implies a complex jet structure (Racusin et al. 2008, 
Nature). 

GRB 080319B 



080319B 



080319B 



Swift discoveries 

GRB 080319B 



Summary 

•  Swift has helped to answer some questions: 

•  Localised short GRBs 

•  Supported collapsar and compact merger progenitor 
models. 

•  Asked a load of new questions! 

•  What are the subtypes? 

•  How do we get X-ray afterglows? And flares? 

•  What is the jet structure? 
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Detector Project 
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Detector Project 



Nobel	
  prize	
  2002	
  –	
  R.Giacconi	
  

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

	
  	
  
261070.2

1cos

ρλδ

δφ

A
Ze−×=

−=

Cf Aschembach et al. 1985 













Last year L 
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X-ray spectroscopy 
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X-ray spectroscopy 
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X-ray polarimetry 

Costa et al. 2001 
Costa et al 2001 
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X-ray polarimetry 


