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2. Recent progress
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4. Summary
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Great Success of M odel

:ynchrotron shock mode
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Jet
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Progenitor

Massive stellar collapse
(Hypernova, Collapsar)

-

Binary NS merger
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Standard Picture

1.Cosmological (Long GRBS)
2.Relativistic jet Is ejected: G100
3.Internal shock: GRB (?)

1. External shock: Afterglow

5. Synchrotron shock model succeeds
5. Standard total energy (?)

/.Massive star origin (Long GRBSs)

But, ...



X-Ray Flash (XRF)
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Off AXIS GRB
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Jet Structure
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Jet Breakout from Star
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VariabIeLight Curve
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GRB Cosmology

Massive star origin -~ High redshift GRBs

FROM THE DARK AGES...
- After the emission of the cosmic microwave background radiation [about 400,000 years after the
I e big bang], the universe prew increasingly cold and dark. But cosmic structure gradually 1210 14 pILLION YEM
evolved from the density fluctuations left over from the big bang. (LLION YEARS a
Star formation =
bang

Microlensing
Rejonization

i

1po MILLIOH YEARS

radiation Dark ages
Firs1 stars

First supernovae

TD THE HEN#ISSANEE and black holes
The appearance of the first stars and protopalavies Protopalaxy
LI B [perhaps as early as 100 million years after the big bang] set off MErgers
& chain of events that transformed the universe, Z

GRBsare useful
for probing high z




Cosmic Raonization
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Reionization Redshift
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Complex Reionization

Doublereionization  Inhomogeneous
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Dispersion Measure (DM)
s the free e ectron column density along the light pat
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DM from Afterglow
In aplasma, alight signal
Is delayed.

& n ('_j'zae DM
&1 GHzy &10° pcem™

Dt =415s

onized region

Distortion in light curve

Luminosity
! DM
Relonization History
l |oka(03), Inoue(04)
t Dt ime GRB cosmology




m © 00 N O 01 &~ W NN -

Problems

Fireball content: Kinetic or magnetic ?
GRB emission mechanism: Synchro or not
. GRB jet structure: Uniform or not ?
. Jet acceleration: How to launch ?

E
S
S

nvironment: What is in front ?
nock parameters: Universal or not ?

nort GRBs: What ?

. Other emissions: UHECR, HENn, HEg GW ?

. GRBs & cosmology: How to use ?
{C...
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Event rate
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Photo-meson interaction
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HE gln Afterglow
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Gravitational Wave

Internal Shock 10%7cn
10%3cm

External shock
GW source
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Guar anteed GW: Jet acceleration




GW Memory

Burst with memory
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GW Light curve

GRB light curve .
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Detectabllity
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Beyond Einsten
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2020 ?7?
microwave background detection '
big bang BIG BANG
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dark matter physics

black hole physics
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Event Rate
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Summary

A puzzleisbeing solved

Field structure: Polarization

Jet structure: X-ray flush, HEQ
GRB cosmology: 1st star, z>10
UHECR, HEn, HEg New frontie
GW: DECIGO/BBO

Swift satellite: Short GRB, 2004



