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Gamma-ray bursts (GRBs) are brief flashes of gamma-rays occurring at cosmological
distances. GRB was discovered by Vela satellite in 1967. The discovery of afterglows in 1997
made it possible to measure the GRBs’ redshifts and confirmed the cosmological origin. GRB
cosmology includes utilizing long GRBs as standard candles to constrain the dark energy
and cosmological parameters, measuring the high-redshift star formation rate (SFR), probing
the metal enrichment history of the universe, dust, quantum gravity, etc. The correlations
between GRB observables in the prompt emission and afterglow phases were discovered, so
we can use these correlations as standard candles to constrain the cosmological parameters
and dark energy, especially at high redshifts. Observations show that long GRBs may
be associated with supernovae. So long GRBs are promising tools to measure the high-
redshift SFR. GRB afterglows have a smooth continuum, so the extraction of IGM absorption
features from the spectrum is very easy. The information of metal enrichment history and
reionization can be obtained from the absorption lines.

In this thesis, we investigate the high-redshift cosmology using GRBs, called GRB
cosmology. This is a new and fast developing field. The structure of this thesis is as follows.

In the first chapter, we introduce the progress of GRB studies. First we introduce the
progress of GRB studies in various satellite eras, mainly in the Swift and Fermi eras. The
fireball model and standard afterglow model are also presented.

In chapter 2, we introduce the standard cosmology model, astronomical observations
and dark energy models. Then progress on the GRB cosmology studies is introduced. Some
of my works including what to be submitted are also introduced in this chapter.
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In chapter 3, we present our studies on constraining the cosmological parameters and
dark energy using latest observations. We use SNe Ia, GRBs, CMB, BAO, the X-ray gas
mass fraction in clusters and the linear growth rate of perturbations, and find that the
ACDM is the best fitted model. The transition redshift z is from 0.40Jj8:(1)§ to 0.65f8:(1)(5).
This is the first time to combine GRBs with other observations to constrain the cosmological
parameters, dark energy and transition redshift.

In chapter 4, we investigate the early dark energy model using GRBs, SNe Ia, CMB
and BAQO. The negligible dark energy at high redshift will influence the growth of cosmic
structures and leave observable signatures that are different from the standard cosmology.
We propose that GRBs are promising tools to study the early dark energy. We find that the
fractional dark energy density is less than 0.03 and the linear growth index of perturbations
is 0.66.

In chapter 5, we use a model-independent method to constrain the dark energy equation
of state (EOS) w(z). Among the parameters describing the properties of dark energy, EOS
is the most important. Whether and how it evolves with time are crucial in distinguishing
different cosmological models. In our analysis, we include high-redshift GRBs. We find that
w(z) < 0 at z > 1.7, and EOS deviates from the cosmological constant at z > 0.5 at 95.4%
confidence level.

In chapter 6, we probe the cosmographic parameters to distinguish between the dark
energy and modified gravity models. These two families of models can drive the universe
to acclerate. We first derive the expressions of deceleration, jerk and snap parameters in
the dark energy and modified gravity models. The snap parameters in these models are
different, so they can be used to distinguish between the models.

In chapter 7, we measure the high-redshift SFR using long GRBs. Swift observations
reveal that the number of high-redshift GRBs is larger than the predication from SFR. We
find that the evolving initial mass function can interpret this discrepancy. We study the
high-redshift SFR up to z ~ 8.2 considering the Swift GRBs tracing the star formation
history and the cosmic metallicity evolution in different background cosmological models.

In chapter 8, we present the observational signatures of Pop III GRBs and study the pre-
galactic metal enrichment with the metal absorption lines in the GRB spectrum from first
galaxy. We focus on the unusual circumburst environment inside the systems that hosted
Pop III stars. The metals in the first galaxies produced by the first supernova explosion
are likely to reside in the low-ionization states (C II, O I, Si IT and Fe II). When GRB
afterglow goes through the metal polluted region, the metal absorption lines may appear.
The topology of metal enrichment could be highly inhomogeneous, so along different lines
of sight, the metal absorption lines may show distinct signatures.

A summary of the open questions in GRB cosmology filed is presented in chapter 9.



