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EAFRADERE: LBG & LAE

How the Discovery Was Made
O gl 22 D PR SR DAAAE

— The Normal Hydrogen lonized Bubbles in a Opaque Neutral Gas
c: J: b ~ 7 /{ 7 ‘/ a Absorbers Forest Still Largely Neutral in the Earlier Universe
2 — L 2 (Reionization Complete) Universe (Before the Reionization)
(1216A), I 4 < Vhi(912A)
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% Line of Sight
to the Quasar

The
Observed
Spectrum:
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Wave17gth orbiedshift
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Lyman Break Galaxies (LBGs)
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Lyman Alpha Emitters (LAES)
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Figure 1 | Multi-waveband 20" x 20’ images of the z = 6.96 Lyman «
emitter IOK-1 and the unidentified candidate IOK-2. Deep broadband
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Luminosity Function of LBGs
Kobayashi, TT, Nagashima ’09
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Luminosity Function of LAEs
Kobayashi, TT, Nagashima ’09
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GAMMA-RAY BURSTS

Sudden burst of gamma-rays from a
random point in the sky

GAMMA-RAY FLUX VS.
TIME

discovered around 1970, by a US
satellite monitoring nuclear bomb
tests in Soviet Union

typical time duration ~ 1-100 sec
typical gamma-ray energy ~ MeV

Flux ~ 1 photon cm-2 s-1

Number of Bursts
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0.1 1. 10. 100. 1000.
Teo (Seconds)

FiGg. 11b




Spatial Distribution of
Gamma-Ray Bursts
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GRBs are cosmologicall

a cosmological redshift

. : | A ObS/ A rest — (1+z)
O A breakthrough in 1997, by discovery of

_ !
“afterglows” in other wavebands than T wf 1'835':
gamma-rays e ﬁww

O The brightest explosion in the universe! S MM I
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Various Energy Scales

O lightning/thunder 1010 J

O atomic bomb 1014 J

O hydrogen bomb 1016 J

O earthquake (Richter scale 8) 1017 ]

O rest mass energy (Mc?) for 1 kg 1017]

O solar flares E(0ce=an]

O energy emitted by the Sun in 1 yr 1.3x1034 ]
OO0 supernova (explosion energy) 1044 J

O rest mass energy of the Sun (2x1030 kg) 2x1047J
O largest GRB (isotropic equivalent) 3x1047 J

O Importance of GRBs in Astronomy Priceless!
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Stellar Evolution and
GRBs, Supernova, Hypernova

massive
stars

BTELLAR
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Sun.like
stars

‘ ( : ’ TYFE IA BUFERNOVA

dwarf
stars

EVOLUTION

hypernova
GRBs
black holes

supernova
neutron stars

white dwarfs

I brown dwarfs
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Another origin of GRBs?

O short duration GRBs occurs with a long
delay time from star formation

0 Not a core-collapse supernoval

O Mergers of binary neutron stars or black
holes?

DURATION DISTRIBUTION
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High Redshift GRBs

O GRB 050904 @ z=6.29
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High Redshift GRBs

0 GRB 080913 @ z=6.7
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Relonization
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