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Gamma ray bursts are short (from a fraction of a second to about 1000 seconds) transient
phenomena distributed isotropically on the gamma-ray sky (energies of 10 keV — 20 MeV). They
may happen every few days, or even a couple times a day, and are detected by the gamma-ray
satellites. Quite often, they are accompanied by an optical flash, delayed X-ray radiation, and an
afterglow, which may last over many days and months after the prompt burst, and decay in energies
down to the infrared and radio bands.

The gamma ray bursts have been observed since 1960-ties. The first event was discovered
incidentally, and the first satellites from the Vela program were aimed to detect the signatures of
nuclear weapon tests. Only in 1970-ties, the discovery was published in a scientific journal
(Klebesadel et al. 1973), and the researchers then referred to the hypothesis put forward by Colgate
(1968), who suggested that the supernova events should be accompanied by the gamma and X-ray
brightenings. But scientists had to wait for more than 35 years until this initial hypothesis was
finally proven.

When it was found that the gamma ray bursts are cosmic events, over a hundred theoretical models
were proposed to explain their origin. They have been observed by satellite missions, and the
breakthrough discoveries were made in 1990-ties, when the BATSE detector confirmed the
isotropic distribution of these sources on the sky, thus giving a very strong argument in favor of
their extragalactic origin. This is why, regarding the large distances, their absolute magnitudes must
be huge, and they are one of the brightest sources in the Universe. BATSE provided also the two
classes of bursts, which statistically can be grouped into long (Ts>2 s) and short (T4<2 s) events
(Kouvelietou et al. 1993), where To denotes the time during which 90% of photon counts were
taken by the detector.

The energetics of the event inevitably points to the fact that in the heart of the event there must be a
cosmic explosion of an enormous power. It is most probably connected with the birth of the most
compact objects: black holes. The newly born black hole is accreting in a very short time an
extremely huge amount of matter, on the order of 1 Solar mass per second, and this process is called
hyperaccretion. This term was invented to distinguish it from the ,,normal” accretion, which is
known to happen in the centers of galaxies, at rates about 1 Solar mass per year, or in the binary
systems containg a typical stellar mass black hole and a normal star. The latter transfers its mass to
the hole at a rate up to about 1-millionth of a Sun's mass per year.

A new era in the research on gamma ray bursts started from 2004, when the Swift satellite was
launched. It detected for the first time the afterglows of short gamma ray bursts. It occurred that
contrary to the long ones, they are not connected with the star forming regions in galaxies, and
neither with supernova explosions. Good candidates for their progenitors are compact binary
mergers.

Despite the fact that the bursts originate from hypernova explosions, or neutron star mergers, in the
bottom of every bursts 'engine' there is a black hole of a mass about a few Solar masses, surrounded
by a dense and hot torus. In these conditions, the plasma is fully opaque to photons and cools
mainly through the neutrino emission. Their annihillation with antineutrinos may be a source of
energy and power to the relativistically expanding jet. This jet is a stream of rarefied, magnetized
plasma, which expands in the interstellar medium and ultimately is responsible for the production of
gamma rays. Moreover, if the black hole is fastly rotating, the energy of rotation may also be
transported to the jets (or also to the disk) via the magnetic field lines.

In our studies, we plan to perform advanced computations and numerical simulations, to determine
the structure and mechanism of operation of this 'engine’, which produces the gamma ray bursts of a
known duration, time variability and energetics.



