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RECAP 
!  Last time… 

"  Development of X-ray astronomy 
"  Discovery of Cygnus X-1 and its ID as a black hole 
"  X-ray binaries and X-ray pulsars 



This class 

!  Black holes just are created in 
supernovae, right?  Well, may be a bit 
more interesting than that… 

!  Gamma-Ray Bursts! 
"  Discovery by the US military 
"  Long search for their basic nature 
"  Connection to the birth of black holes 



I : Discovery of GRBs 

!  1963 : US and USSR ban above ground 
nuclear tests 
"  How to police the treaty? 
"  Well… nuclear weapons generate gamma-rays when 

they detonate, so both militaries launched gamma-
ray detectors into orbit 

"  US has the “Vela” program 
"  Started seeing flashes of gamma-rays from space!  

First seen in 1967, announced 1973 
"  Basic nature very uncertain! 

!  1991 : Launched Compton Gamma-Ray 
Observatory (CGRO) to investigate further 



VELA 









There are “short” 
and “long” bursts 



II : Getting to the bottom of GRBs 

!  GRBs are: 
"  Common (~one a day) 
"  Uniform on the sky 
"  Come in “short” and “long” forms 

!  What can we deduce from these facts? 

!  How do we learn more? 





OK… so they are in distant galaxies.  
So what??    



III : The Swift Era 

!  NASA launched “Swift” in 2004 
"  Amazing automated spacecraft 
"  X-ray detector with “fuzzy” imaging but 

huge field of view detects GRBs 
"  Then… spacecraft automatically slews, 

bringing a high-definition X-ray telescope 
and an optical/UV telescope to bear 

"  Maneuver takes less than 1 minute 
"  Then tells ground based astronomers 

exactly where to point all of their other 
instruments! 





!  Long Gamma-Ray Bursts 
"  Sometimes/often associated with particular type of core-

collapse supernova 
"  Long GRBs associated with explosion of massive star 
"  Possible picture… 

#  Black hole forms in core collapse 
#  BH fed very rapidly… tremendous energy released 
#  Much of this energy directed into a jet 
#  Jet rips through star, blowing it up 
#  Get intense beam of gamma-rays directed along jet 

axis (consequence of Special Relativity) 
"  Make sense?   Yes… 

#  Only find long-GRBs in galaxies with massive stars 





!  Short GRBs?  More enigmatic 
"  Can be found in old galaxies with no massive stars 
"  Can even be found just outside of some galaxies! 
"  So… need a different idea. 

!  Merging binary neutron stars! 
"  Two neutron stars spiraling together (due to lose of 

energy by gravitational radiation… subject of a later 
class!) 

"  When neutron stars smash together, BOOM! 
"  End up with black hole remnant than rapidly 

swallows remaining debris disk.   




