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1.1 O0O00ooogoobogo

00000000 (gamma-ray burst : GRB) DO OO0 00000000000 OOO
gboogobuogbbogboobobboobooboboobboobobonooon
lem* 000 100 count 0000000000000 O00O0O0O0OOO0OOy0OO0O00OO
gbooobooooobooo
OGRBO 19670 0000000000 0ODO0ODO0OOOOOO VelaODOOOOODOODO
0000 (Klevesadel,Strong & Olson 1973)0 0 00019910 000000000000
00000000 (CGRO)O BATSE(Burst And Transient Experiment) 00000000
gbobogoboilglbbogbugobboogboboooobbuooobobooonboa
O (Meegan et al. 1992)0
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U lL.l: 0bboddggououobobobbooooooooobbbbbooooo
0000 (Meegan et al. 1992)
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O00000000GRBOODODOOO0O00O000000O0O0O0O0OODODO (Paradijs et al.
1997 000000000000 0000O0000O00O00ODO0O00OODOOOOO

28 Feb1997 3 Mar 1997
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O 1.2: GRBYvo2280 00000000 oOooOooboobo Xobooooooobogo
3000 XO0O0O (Costaet al. 1997) 0000 0000000000000 OOOOO0O
000000000000000000000 800000000 (Paradijs et al. 1997)0
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OooooooGRBOOODOOOODODOOOODOOOOOODOOOODOOODOOO
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1.1.2 GRB030329
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000000000000 00000bO0bO000
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O 1.3: GRB0303290 00000000000 20030 40 300050 10000006
oboboob4b30b0booobooboboobuooboboobouboonbo
gboogbobodboobbuoobobouobobuoobbooboobbooboon
O00000OSNI9hw 0000000000000 O0O0OODO (Hjorth et al. 2003)0



00 0O Hjorth O O VLT (Very Large Telescope) D000 10 0006000000000
0000 (Hjorthet al. 2003) 0 00 000GRBOOODOOOOOOOOODOOOODOO
00000 IcO00D0OO0OD0DOODO0ODOO0ODOO00DOOO0DOODODOOOO0OOO00OGRB
goodoooooobobbbbbuooooo
O000GRBOOOOOODOODDODODODODODODOODOODDOODODODOOOOOODOO
0000000000000 000000000000'0

1.1.3 GRBOOOOOOO

GRB 090423;
630 million years

Big
Bang

Atoms form:  Re-ionization ends: Maowe:
400,000 800-900 million 137 billion
years years years

0O 14: 0000obooobodbooobbuoobbooobboobbooboo
oboobooboob40000000D000DOODODOODOODOODLO0ODO0ODO
gboboboooobbboobosuusbbbuoooobbbboooobbbboooon
OOobodbooboobooboobobobooooboboGRBODODODOoOOOoDOoD
00000000000000000000000000000000 (Zhang 2009)
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OO000o0o0ooOobbOobooboo GRBOOOOODOODODODOOOODOODOOD

0000000020000 long GRBOOOOOO 20000 short GRBOOO Olong GRB OO
ogoOoOoOoOOOoOOOOOOODODODODDOOshert GRBOOOOOOOOOO0O0O0O0O0O0O0O0O0O0O0O
gboooboobooooboboobooooboooooboobooooboboooooboooon
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0 1.5: GRB090423 000000 (1) 0D0000000O0O00O0O0O ()DODOO 1.1pumO
gbuodgbboobuodgobboobuodoboobbodoboobboobuooboon
gbogbbodgobbobooboobbooboobbooboobbooboon
0000000000 GRBOOODOOO81O00000OOOO (Salvaterra et al. 2009)
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0.1 ¢

df./dlog(a)

0 1.6: 000000000000 (Ostriker & Gnedin 1996)

1.14 GRBODODOOO

20040 0000000000 DLOO0ODUObDODODOO SWiItOODODOODOObOOoOooo
0000000000000 0BAT (Burst Alert Telescope)d XRT (X-Ray Telescope)O
UVOT (Ultraviolet/Optical Telescope) D 00 OSwift 0 00 BATO GRBOOOOOOO
O0003000000000000000000 GCN (GRB Coordinate Network) 00 O
O00000000b0000000oobD0OoXRTO UVOTO GRBOODOOODOOOO
Oo0OoooOoobo GONODOooog
OO00O0oooooooo MITSOMEOOODODOOODDODOOODOOOO GRBOOOO
OO0 GRBOOOOOOOODO GRBOOOODODOOGCOCNOODOODOOOODOOOOOO
O000000O00b0o0ob0ooDo0bo0o0boobOoooooo0obOo0obDOonD GRB
goodoobooobbbbboooooooouoboboobobooboo
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1.2 GRBOUOOOO

1.2.1 FireballO OO

O0O0GRBOOODOOODOOOODOOOOOODOOOODDOOO Fireball OO
ODO00o0bo0oooooooooooDobo0oooboDbboobo0o00n LorentzO0O I'> 100
OobobooobooboboboobobobooboobbooboobOob0o0obO0obOd Lorentz
0000000000000 0000000000000000O (internal shock wave)
OooobooooooooobboooooobooobooobooooobooooooooboOoo
0000000000000 00000000 (Reesetal. 19949 00000000000
O00000000000000000000000 (external shock) DO OO0O0O0O00O0O
ooooooooooooboooooobooooooooobooooooooboobooo
000000 (Sari,Piran and Narayan 1997)0

FORMATION OF A GAMM v BURST could begl'n
either with the merger of two neutron stars or

& with the collapse uF

| events create a black hole with a disk of material

NEUTRON STARS around it, The hole-disk system, in turn, pumps

out a jet of material at close to the speed of light.

= Shock waves within this material give off radiation. | JET COLLIDES WITH

— AMBIENT MEDIUM

i [external shock wave)
BLOBS COLLIDE GAMMA >
[internal shock RAYS | -
: sower ™) | [ 3
BLACK HOLE ¥ FASTER_ BLOB . : - F
DISK BLOG I . ; . ;
CENTRAL
ENGINE =
. |
§ PREBURST
li
Al

HYPERNOVA SCENARID
JUAN VELASCO

a massive star, Both these

MASSIVE

STAR AFTERGLOW

O 1.7: Fireball 0 0 O 00 O O O (http://particulas.cnea.gov.ar/experiments/lago/grb /0
0oo)

1.2.2 cooling break

FirebalOOOOOOOOOOODOODOODODOODOOO18SO0O00O0O0O0OODOODODO
gbouogboobobodgbogbboobuogboobbooobboobuooboon
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i
018 0000000000000 000O000O00DO0O0DO0DODOD0ODbOO0ODD GRB
0000000000000 (0o0)ooooo (o), 000000000y, 000
goobobobby, 0000000000000 DO0O0O00 LerentzO OO OO0
0000000 0oooooon vOy, 00O (Fast cooling) D000 v.0w, 000
(Slow cooling)J 0000000000000 DO0ODOOOOOODOOOOOOOOOOOO
guoodoooooooooooobbobbbbbbobuoooooooooouooo
(Sari,Piran& Narayan 1997)

00000000000 (Sari,Piran and Narayan 1997) 00 0000000000000
00000000 (00 ve,vm,ve) 0000000000000 OOOOOODODOOO
Ooooooooboooooboooobooooboboooooooon

1.2.3 jet break

googbobooobodboboooboboobboobooboooboobooboo
0000000¢0 1/IhW0OOODODO0O000o00o0o0 0000 LorentzOOO I'yOO
O0)000LorentzO0OOOOODOO0OODOOODODODOOODODODOOOOOOOOOODOO
O LorentzOOODOODO ¢, 00000000000000O0O (Rhoads 1999)00 00O
Ooooooooo(¢~¢,+1/T00000O0r~1/¢,00000000000000
gooobbbbbbbbbbbbbobouodduuuoooooooooooobon
gbobobodgo
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OD0O00obooboobbuooboooobDgetbreak 00 O00OO0OO0ODOOODODOO

00000O0O000GRBY90510000000000000000000 (Harrison et al.
1999)00
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O 1.9: GRBYY0S100 000000000 1200000000D000O00DOO0OOD
0000 (Harrison et al. 1999)
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020 MITSuMEU U0

2.1 MITSuMEOOOOO

O0000b00o0ooooobooooooooboobooo GRBOOODODOooooOoO
GRBOOOOOOUOOOOOOOOOOOOMITSuME(Multicolor Imaging Telescopes
for Surveys and Monstrous Explosion) 00000000 (D OO0 2005)0 MITSuME
gogooobobobobobbobobobbbbbtbdddoduouuug d0emooooug
goduobbbboooguobobobobuooooboo s emdgdobd9lem g
0000000000000 0D00O0O000b0oOoGRBODODOODOOODOOOOODOO
J0o00o0booooboooobooobooboogsemdoboon gOROID 300
O000000091emI000000 ZOJOHOKDO 400O0O0OOOODOOOOOO (O
23)000000000000000000O00O0ODO00000OO0bOOOOO00OO
ool ooooooooood
000 (Lymana 0000)000000GRBOOOOOOOOOOOOOOOODODOO
00000000000 00DO000 GRBOOODOOOODOOODOoODOoOooobDOooo
O000000000000 GRBOOODOODODODODOODDODOOOOOMITSUMEO OO
O0GCNOOGRBOOOOOOOOOODOOOOOODOOOOO (DOoOOOO2007)0
0000000000 GRBOOOOOOODOOOOGRBOOOOOOOOODOOOO
000000000000 000000000000D0D0oOOOoDOO0o0DUUO (booo
20080 0O O O 2008)0

2.2 0OUOS50cmUO0

oboobobobobooboooboboobobgsembbobonooon
oooo
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0000000000000 0 ADSLOOO00O0OOO0O00DOoO0oooooOooooooog

221 0000O0O0O0OO0OOO

OO00oOooosemOO00O2800000000O000O0OOOOGRBOOOODOO
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222 000

O00D0000 Apogee O Alta U6 CCDO 30 000000D0OO0O0DOO0OODOO
O ¢’ 000 (SDSS)O0RcOIcO00O (Johnson-Cousins) D00 000000000000
googobogbodbboobdoooobooboobb™obooboon
000000020000 (0000 2009000000000000000)00000O
00000 VO0ODOD 0000000000000 ooooooooooooo
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goo gobbbuooobbbuoooobbboooobon

00 00 35.7866° O O 138.4806° O O 900m
ooo

00 Oooooooooog
oooOd 500mm
ooood 160mm
gooo 3000mm
OO0 F6
oooad 28’

gooo 400-950 nm
oooad OO0ooOoDOoo

00

00 Oo0oo0oooon
O0oooo 3°/sec

U 21:00000000

CCD Kodac KAF-1001E
Array size 1024 x 1024
Pixel size 24pm x 24pm
Imaging area 24.58mm X 24.58mm
Linear Full Well 550,000e™
Digital resolution 16 bit
Exposure time 20msec - 183min
Cooling ooodod +40oogogao
PC Interface USE2.0

022 00000000CCDOOOOAItaU6OO0O
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225 0OJO00O0OO0OOOO
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GRB OO

GRBOOOOOODOODOOOOOOGONOOODOO PCribets2 00 00O0O00OOODO
O ‘okalin’ 0000000 ‘linmaster’ J 00000 linmaster’ D0 0000000 ‘kadai’l
lincam’ 00000000000 GRBOOOOOOODOOO

EREREEN

MITSUMEOOOO GRBOODOOOODODOODOOOOOOOODOODOGRBODO
OO00000DO00DO00O00oO0oOobo GRBOOOOOOOOODOODOOODO AGN
(Active Galactic Nuclei) 00 0000000000000 ODODOOOOOOOOOMIOO
gbbboomuogobbbooobbbooobbuooobobobuooobbboon
Ooooooobooboobobooboobobobobobobobo GRBODODOD
OO0 Tlnmaster’ 00000000 OCCDOOODOODOOOOOOOOODODOO

226 UU0OOOLOOOO
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w2’ 00 000000000000 00
O00000000000000000000000000D0O0000 PSF (Point Spread
Function) FWHM (Full Width at Half Maximum) 0 0000 OO0 0 WCS (World Cood-
inates System) 0 0 0 00 0000000000000 0O0O0OO0OOOOOOOOOOOO
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band color extinct zero point

g’ 0.078£0.001 0.332+0.004 21.2240.008
Rc  0.165£0.002 0.202+0.004 20.66+0.008
Ic  0.022£0.002 0.04240.006 19.5240.009
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o001 oooOd 2
Ra 12:36:29.7 12:36:08.3
Dec +32:56:45 +32:58:34
OO0000 |DO0DO0DO0O0O0 | 1229-0258049  1229-0257969
Mag ¢’ 15.27£0.377  14.62£0.378
Mag R1 14.36 13.79
Mag R2 14.82 13.88
Mag N 14.38 13.35
ooo g’ 15.49£0.009  14.71£0.006
Re 14.83+0.009  13.86+0.005
Ic 14.404+0.009  13.35£0.005
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Ra(J2000) = 12"36™17.77¢ (5.1)
Dec(J2000) = +32°59'05.1" (5.2)

000000000000 390000 (Cummings et al. 2009)0 0 O fluence 0 peak
photon flux [

fluence = (1.8 £ 0.3) x 10~ "(erg/cm?)(15 — 150keV/) (5.3)

peak photon index = 2.4 & 0.3(ph/cm?*/sec) (5.4)

O00000000000D00D0D0 GRBOOOOOOOOOO (Sato et al. 2009)00 0O
Keck-1OODOOOOOOOOOOODOOODO 261000000 (Levesque et al. 2009)0
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since burst(sec)  Mag(g’) Mag(Rc) Mag(Ic)
93130 17.05+0.08 16.62+0.07 16.07%0.09
163430 17.26+0.08 16.834+0.06 16.37+0.09
234430 17.56+0.09 17.144+0.07 16.4340.08
306£30 17.79+0.12 17.27+0.09 16.6910.12
380430 18.02+0.13 17.554+0.10 16.97+0.14
451430 18.27+0.16 17.90+0.14 17.37+0.21
520+30 18.22+0.16 18.10+0.13 17.18%0.18
590430 18.644+0.26 18.024+0.16 17.13+0.16
620+60 18.91+0.21 18.144+0.13 17.40+0.15
690+60 18.77+0.17 18.59+0.15 17.71+0.19
10254120 19.53+0.24 18.81+0.14 17.9940.15
1466+210 19.94+0.28 19.024+0.13 18.50+0.20
2107+300 20.07£0.28 19.4340.24 18.8340.27
35874900 20.51£0.25 20.03£0.18 19.154:0.22
60964960 20.54+0.22 20.204+0.20 19.5340.27
11084+3090 21.334+0.31 20.774+0.24 19.7940.26
0 5.3: GRB090426 000 00
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