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Gamma-Ray Bursts (GRBs) are the most luminous and violent explosions in the 
universe. GRBs release in seconds the same amount of energy our Sun will emit over 
its expected 10 billion-year lifetime. Until recently, we did not know almost anything 
about GRBs, including even the distances to the sources. However, thanks to the 
(almost) simultaneous multi-wavelength observations, our understandings of GRBs 
have been revolutionized since the breakthrough in 1997. Now it is widely accepted 
that (long) GRBs are associated with the deaths of massive stars. The central core of a 
massive star gravitationally collapses into a black hole or neutron star, which 
somehow launches a collimated outflow with more than 99.99% of the light speed (i.e., 
a relativistic jet), and the kinetic energy of the jet is dissipated into the observed 
electromagnetic energy of a GRB far from the central engine. 
 
Despite the great progresses, fundamental questions still remain. We don’t know how 
to make a relativistic jet in the black hole or neutron star formation. We also don’t 
know what the jet is made from, i.e., the jet composition such as the proton, iron, 
electron-positron, and/or magnetic field ratio. Furthermore we don’t know why GRBs 
are bursts in gamma-rays, i.e., the emission mechanism of the GRBs. In addition, new 
puzzles also arise as a result of new observations, such as too much long activity time 
of the central engine, a new population of very dim GRBs and so on. 
 
At least some clues to these challenges and most likely further breakthroughs are 
expected because we are literally getting new eyes to the universe. Not only photons 
with conventional energy (<MeV) but also ultra-high energy cosmic rays (UHECRs), 
high energy GeV-TeV gamma-rays, high energy neutrinos and gravitational waves are 
coming into play in the observations of the universe. In other words, the high energy 
astrophysics is about to enter a new era of multi-particle observations in addition to 
multi-wavelength observations.  
 
GRBs will surely play a key role in this turning point of the high energy astrophysics. 
GRBs are capable of accelerating cosmic rays up to energies ~1020 eV, which may have 
been already observed by current facilities such as AUGER. Several processes can 
lead to GeV-TeV gamma-rays measurable by recently-launched GLAST and on-going 
HESS, providing useful probes of the burst physics. Photo-meson interactions also 



 

produce high energy neutrinos, which will be detected by the forthcoming experiments 
such as IceCube. Gravitational waves are also detectable in the near future if a short 
GRB is caused by a merger of compact binary stars as expected. I will discuss these 
theoretical expectations and prospects of GRB studies in the context of rapidly 
evolving high energy astrophysics. 
 
 
 


