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1. Observation
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Angular distribution Isotropic
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Spatial distribution
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Figure 12 The peak flux distribution of 796 gamma-ray bursts observed by BATSE (Pendleton etal
1995). The flux is measured over the energy range 50-300 keV.



Dur ation

L L
g | - Long-soft
9 10} 1
: | - Short-hard
® | :
5 . ]
8 f
8 ¢ :

0.1 I | I |

0.01 0.1 1 5ﬂ%Width1u 100 1000
] o
2 F | 1 Long burst
S A0E | .
b o0f |"-'|||__|J|I-HJ : ShOI‘t burSt
g I:'_'IlE . .......l—_!_l.l AT L e .....l.._|_|ll-.—.—|—...E

.001 01 N 1 10 100 1000

Teq (3ECONMS)



Spectrum
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After alow Beppo-SAX in 1997

28 Feb 1997
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Summary of observation
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2. Fireball
Compactness problem E, > MeV
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| nter nal-Exter nal shock model
External shocks
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3. Internal shock . my,+my =(m+m+E,)y,
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Time scale
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4. Afterglow _ ~
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Relativistic shock

n,=(4y+3)n
1 2 =(4y+3) . Jump condition

n,U n U=(y-1)nmc

1) Electron Fermi acceleration
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Spectrum
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Optical flash
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5. Jet
Jet & Relativistic beamlng

- Relativistic beaming = '™
= Jet  Energy, Event rate, Model

Jet In afterglow ‘
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6. Central engl ne Collapsar, Hypernova

(1) Collapse of massive star
Location within host galaxies

GRB-Supernova (e.g., SN1998bw)
?High ambient gas density

2) Mergers of compact objects
Baryon free
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8. Luminosity-|
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Viewing angle of asingle | et

= Luminosity-lag relation 7
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Viewing angle
1) Peak luminosity-spectral lag relation
2 Peak luminosity-variability relation

@) Luminosity-width relation

GRB980425
A typical GRB

= Association of GRBs with SNe
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10. SuUmmary

GRB : Internal shock
Afterglow : External shock
Jet
Viewing angle

Variousreations, X-ray flash
Central engine ???

Collapsar? Merger?
CR, HEv, HEy, GW, Cosmology




