
       GAMMA-RAY BURSTS:
witnessing the birth of a new Black Hole
in the Universe



How it all started…..
mid 1960s: VELA satellite

… looking for signs of nuclear tests…



TYPICAL GAMMA-RAY BURST



Most GRB data gathered
by BATSE in the 1990s

Main properties of GRBs:

Rates: about 1 per day

Durations: from tens of milliseconds to several
hundreds of seconds, with
bimodal distribution 

Highly variable 

Isotropic distribution on the sky

Short

Long



Big issue of debate in the middle 1990’s:

WHERE ARE THEY COMING FROM?

Two possibilities:

a) They are galactic (i.e. they originate in the
Milky Way).

b) They are of extragalactic origin (i.e. they
come from other galaxies, very far away). 



Hints from the ISOTROPIC distribution in the sky

GRBs do not appear to be correlated with the galactic disk
as one might expect if they were of galactic origin.



The first revolution: 1997 - discovery of the
AFTERGLOW: longer wavelength radiation
(X-ray, optical, infrared, radio) following the GRB

X-ray detection by Beppo-SAX (dutch-italian satellite)
This satellite was only able to trigger on long bursts



Distant galaxies are  now being routinely identified
as the GRB hosts - absorption from intervening
galaxies is often detected.

GRBs are COSMOLOGICAL!
[Image: ESO]



Very distant                VERY ENERGETIC
GRBs are the most energetic explosions
we witness in the Universe!

What is causing them????

Main competing models for several years: 

Merger of two compact objects:
 NS+NS or NS+BH

Explosion of a
 massive star



The second revolution:
 March 2003
a “special”, very
 energetic supernova
(HYPERNOVA) 
is found coincident 
with the position 
of the GRB 

Long GRBs are
 produced
by the collapse
of a massive star
into a Black Hole!!



Numerical simulations of collapsing
 star (by A. MacFadyen)

Star has angular momentum
Jets are produced



Luminosity
powered by
accretion disk
formed from
fallback material
from the envelope
of the collapsing
star



Until the end of 2004, most of what was
known (and discussed in the previous slides)
referred to the class of long-duration Gamma-
ray bursts. Since the Beppo-SAX satellite did
not trigger on short bursts, there was no
afterglow detection for any of these.
It was still debated whether they could be
of galactic origin (or very nearby galaxies).

We are just starting to learn about the nature
of short-duration gamma-ray bursts.



New dedicated mission since November 2004 

SWIFT

Can detect GRBs from the most distant stars
collapsing in the Universe - sensitive to short bursts



Since the launch of Swift…..

First detection of afterglow of short burst!!!
    and detection of “host” galaxy.

short bursts are also extragalactic, but
typically lower distances (so far..) than
for long GRBs

 
Also:
- energies are a factor of 10 or more lower than for long GRBs
- associated with galaxies which have a low star-formation rate,
contrary to the case of long GRBs, associated with regions of high 
star-formation rate. 



Several pieces of evidence seem to indicate that…

…Short Gamma-Ray bursts are likely the result of a
merger of two compact objects (i.e. NS-NS, NS-BH)
Stay tuned as more observations come in…..

[Image from http://www.laeff.esa.es/BOOTES/esp/grb/grb4.htm]



Should we be afraid of GRBs?

A powerful GRB in our Galaxy can wipe out life within 
a distance of several hundred light years…. 

But not very likely to happen…


