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Gamma-Ray Bursts (GRBs)

\/ Extremely energetic gamma-ray flares
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How GRBs can be produced?

Gamma-rays must come from Relativistic Jets.
(collimated outflows with v>99.99%c )
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(inconsistent with observations)



How GRBs can be produced?

Gmma-rays must come from Relativistic Jets.
(collimated outflows with v>99.99%c )
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(Consistent with observations)



Observed opening angles of GRBs

(Berger 2013, Fong et al. 2013)
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What is the origion of GRBs??

A

outflows (jets)

electron-positron-photon
fireball

neutrinos neutrinos
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Long GRB: Death of Massive Stars

Short GRB: Mergers of double compact Stars



Long GRB: Collapsar Model ..., 1993

Rapidly rotating
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From Hotokezaka and Shibata’s slide

Animation by Hotokezaka



Animation by
Sekiguchi &Nagakura

M=0.01Msun,
L=2.e50 erg/s,
©=15°
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Success of Jet Collimations
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Summary

1. GRBs are very high energy events with (probably) two populations
2 Relativistic Jets are mandatory for producing GRBs

3. Long GRBs are supposed to originate from the death of massive
stars

4. Short GRBs, on the other hand, may come from compact binary
mergers

5. We demonstrated the jet breakout and collimation due to the
interaction with matter by relativistic hydrodynamical simulations



