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Gamma-ray bursts (GRBs) are the most energetic and luminous explosions in the 
universe. These mysterious phenomena were serendipitously discovered around 1970, 
by an American satellite monitoring nuclear bomb tests of the Soviet Union.  GRBs 
occur roughly one per day in all sky, and a GRB is observed as a sudden burst of 
gamma-rays during 1-100 seconds. The locations of GRBs are random and isotropic in 
the sky, indicating that the gamma-rays are coming from cosmological distances (more 
than 10 billion light-years away). However, the distance to GRBs was completely 
unknown until 1997, making them the most mysterious astronomical phenomenon. A 
breakthrough came in 1997 by the Itallian-Dutch satellite BeppoSAX, that brought 
the discovery of “afterglows” in X-ray wavelength, i..e, decaying emission following the 
prompt gamma-ray emission. Soon, afterglows were discovered also in optical and 
radio wavebands by follow-up observations, and especially, optical spectroscopy of an 
afterglow by the US Keck Telescope revealed that the atomic absorption lines were 
redshifted by a factor of about two, clearly proving that GRBs are located at 
cosmological distances.  
  After this breakthrough, we experienced a truly revolutionary decade in GRB 
research. Now we know that there are two distinct populations in GRBs having long 
and short durations of gamma-ray emission. Long GRBs are generally associated with 
a particularly energetic type of supernovae, and it is widely accepted that a GRB is 
observed when an ultra-relativistic (velocity of more than 99.99% of the light speed!) 
jet (sharply collimated outflow) is ejected from the central black hole deep inside an 
energetic supernova, toward the direction of an observer. The origin of the other 
population, short GRBs, is somewhat more uncertain. They are not associated with 
supernovae, and they occur in galaxies having old stellar populations, indicating that 
they are produced from relatively low-mass, long-lived stars. A possibility is a merger 
of compact binary stars (neutron stars or black holes), but we have not yet obtained a 
direct observational proof.  
  Though GRBs are less mysterious astronomical objects compared with those in 
early 1990’s, their importance in astrophysics has not changed. We now know that 
they are the most luminous explosions in the universe, and astronomers in the world 
are now starting to use GRBs as the cosmic beacons to probe the early universe 
frontier. A good example is GRB 050904 that occurred in September 4, 2005. The 



spectroscopic observation by the Japanese Subaru Telescope revealed that the atomic 
lines were redshifted by a factor of more than 7, telling us that it occurred just 1 
billion years after the big-bang, compared with the current age of the universe (13.7 
billion years). This is the most distant GRB currently known, and the distance is 
comparable with those of the most distant astronomical objects like quasars and 
young galaxies. Furthermore, a detailed study of the optical spectrum of GRB 050904 
has revealed that the universe was already re-ionized at the age of 1 billion years, 
giving the first implications for the cosmic reionization from GRB study. The cosmic 
reionization is an important topic in cosmology; the matter in the universe (mostly 
hydrogen) became neutral by recombination of protons and electrons 400,000 years 
after the big-bang because of cooling, but we know that the hydrogens in the universe 
are mostly ionized today. The re-ionization is believed to have occurred around 1 
billion years after the big-bang, most likely by ultraviolet photons produced by 
first-generation stars and galaxies. Studying reionization is the central issue in the 
study of the early universe frontier, and GRBs now become one of the most important 
tools in the area. 
 
 
 
 
 
 
 
 
 
 
 
 
 


