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The ways in which GRBs may be used to probe the very high redshift  
(z > 5) universe include the following: 
 
o GRBs may allow astronomers to determine the epoch of first light, 
  since they are thought to come from the collapse of massive stars -- 
  which are the kind of stars that are thought to form first. 
 
o GRBs are thought to be the result of the collapse of massive stars. 
  Thus they may provide information about how the rate of formation of 
  massive stars has evolved in the universe. 
 
o GRBs may be a unique probe of the earliest stars (Pop III stars, which 
  have zero metals -- i.e., no C, N, O, Mg, Fe, etc.), which are thought 
  to have formed at z \approx 20. 
 
o The metal absorption lines in the spectra of GRB afterglows glows can 
  be used to trace the history of the growth of metallicity of the 
  universe.  The light from the brilliant optical afterglow of a GRB 
  intercepts gas clouds and galaxies along the line-of-sight from the 
  GRB to us.  The metal atoms in each of these clouds and galaxies 
  absorbs light at specific wavelengths, telling astronomers the 
  redshift of the cloud or galaxy.  The strength of the absorption line 
  tells astronomers the abundance of the metal (a stronger line means 
  more of the metal is present; a weaker line means less is present). 
  These two pieces of information allow astronomers to trace out the 
  increase in the metallicity of the universe from z = 20 until now. 
 
o The absorption lines in the spectra of GRB afterglows provide 
  information about the formation of large-scale structure in the 
  universe.   Again, the light from the brilliant optical afterglow of 
  a GRB intercepts gas clouds and galaxies along the line-of-sight from 
  the GRB to us.  The metal atoms in each of these clouds and galaxies 
  absorbs light at specific wavelengths, telling astronomers the 
  redshift of the cloud or galaxy.  Using the direction of the GRB and 
  the redshifts of the clouds and galaxies allows astronomers to plot 
  the locations of the clouds and galaxies in 3-dimensional space. 
  Using many GRBs, astronomers may be able to build up a map of the 
  large-scale structure of the universe at redshifts as large as z = 
  20.  This would provide another check of the picture that the 
  large-scale structure of the universe arises from fluctuations in 
  the density (primarily the density of dark matter) of the universe on 
  which gravity then operates to produce the voids and sheets of 
  galaxies that we now see. 
 
o The spectra of GRB afterglows may allow astronomers to explore the 
  epoch of reionization.  The brilliant optical afterglows of GRBs that 



  occur before the epoch of reionization (i.e., at redshifts larger than 
  those at which reionization occurs) will have no light in the UV, 
  since it will have been absorbed by neutral hydrogen gas in the 
  intergalactic medium (IGM).  In contrast, the brilliant optical 
  afterglows of GRBs that occur after the epoch of reionization (i.e., 
  at redshifts less than those at which reionization occurs) will have 
  an abundance of light in the UV, since all of the hydrogen gas in the 
  ISM between the GRB and us will have been ionized and so cannot 
  absorb the UV light of the afterglow.  This may allow astronomers to 
  determine the epoch (i.e., the redshift) at which the universe became 
  reionized. 
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