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Abstract

Gamma-Rg Bursts (GRBs) are the most luminous explosionsat the cosmologicaldis-
tances. The purposeof our study is to reveal the origin and radiation processof GRBs.
We also study the unknown early universeat the redshift z  10. We therefore built the
MITSUME robotic telescope sothat we obsene the early optical afterglows of GRBs. The
MITSUME telescop respondsthe Gamma-Ra Burst Coordinates Network (GCN) alerts
and starts obsenations immediately to catch the rapid decaging afterglows. The data
which we obtain are analyzedautomatically to determine the coordinates and redshifts
of GRBs.

In this thesis, we report the software dewelopmers and modeling of the best focusing
to upgradethe automatic obsenation/analyses system. We alsosummarizethe results of
our GRBs obsenations from Septenber, 2006to February, 2008.

We have deweloped the software for imagereduction, which performsremoval the noises
of pixelsof CCD, co-addition of the frames,automatic detectionof GRBs, and photometry.
We shaw the automatic detectionworked well for seven objects including GRB061121and
GRBO070920A,which not exist in catalogs. This software is necessaryfor performing all
the analysesin automatic analysessystem.

Modeling of the best focusing position of the secondarymirror is necessaryto improve
the quality of our data when automatic obsenations are performed. The focus depends
on the temperature and the pointing elewation of the telescoge. In the test of this model,
the di erences of the model valuesand actual bestfocusvaluesare 30 m. In our optical
system, the quality changeslittle within the rangeof 50 m. Sowe can concludethat
our model is practicable.

We now detectedsix GRBs, one supernova assaiated with a GRB, and measuredthe
limiting magnitudesof thirteen GRBsin 1 yearand 4 months sinceour systemhad started.
For GRB061121 our data, whencomparedto the Swift data, revealeda detailed ewolution
of the spectral energydistribution, and the combined afterglow light curve suggestsan

adhromatic break at 70000sec. For GRB071112C,our obsenation started at 102 sec



after the trigger, and we found that its light curve did not deca until 500 secafter the
trigger. The high-redshift record of our detectedGRBsisz 4.0 for GRB080205.
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1

4.1
GRB
PSF(Point SpreadFunction) FWHM (Full Width at Half Maximum)
(World Coodinates System) 4
( 2006) PC ‘dracula’
1
10
1
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(
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1
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4.1:

GRB

FITS

CAAALRLOREY D

I REA )
EEJ)E
VAT L

 PSF FWHNO EH5{EDE H >

{ WSk >

{ toRORE »

YB3 +BhEaht )

NN s

EEIE
TR >
LEER "

SRT L
( XADHA )

{ GON~;ESR )

GCN
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+ ( 3.7)

4.2

Perl Perl
2004 2006)

IRAF(The Image Reduction and Analysis Facility) 2 FITS

SExtractor 2 FITS

Xy : PSF FWHM
atF unctions
W CSTOOLS 4 FITS WCS
I-band USNO-B1.¢° R-band, gGband

5U.S. Naval Obsenatory, USNO-B1.0 Catalog http://www.usno.na vy.mil/
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4.3

(¢ + )
COUN Traw

COUNTRraw = F(OBJ + SKY) + DARK + BIAS

OBJ SKY BIAS
DARK ( ) F
4.1 COUN Traw OBJ + SKY
1.
2. ( )
3. ( )
4.
5.
4.2
4.3.1
CCD AD

6United States Naval Obsenatory Flagsta Station, http://www.nofs.na vy.mil/
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COUNT = F(0BJ + SKY) + DARK + BIAS

B FEE = 60s

!

BIAS#5| <
COUNT = F(0BJ + SKY) + DARK
FEDHEME = 60s
DARKZ 5| <

COUNT = F(0BJ + SKY)

& : 60s

2

BELSDFHIE
RIEED I DT

COUNT = (0BJ + SKY)

& : 60s

COUNT = (0BJ + SKY)

BorEefE = 5800s

4.2:
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A —/IN\—RF v UEE

1024 pixel

v

50 pixel 1024 pixel

-

4.3: MITSUME

CCD

FITS "PEDLEVEL' "PEDLEVEL'

IRAF  “imarith’

4.3 [Xmin : xmax; ymin :

ymax] = [1:50;1: 1024] [Xmin : xmax; ymin : ymax] =
[51:10741: 1024]

4.3.2

CCD ( )

CCD
CCD
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4.4:

CCD

10

4.4

4.3.3

CCD

CCD

60

CCD
7
CCD
IRAF ‘'imcombine’
IRAF
4.1
IRAF 'imarith'
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'imarith’



4.5:

(ADU < 1000

)

CCD
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CCD



46: : 45
45

IRAF  “objmasks'
3 50
IRAF  “xdimsum'

4.6 4.6
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4.7:

4.3.4

CCD

4.7

1(

30%

47
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Histogram of Hlat Frame

Histogram of bark Frame

§
& L
S
o
S
E,
5L
S
3
St S
—
o
- o
8
1 =
) mile 0o, ) et (| v A 1 DO
-0.5 0.5 15 1000 2000 3000 4000 5000 6000 7000
ADU ADU

4.8:

( ) 03
828

IRAF  ~ xpix'

9

0.3

IRAF  “imreplace'

4.8
50= 828
IRAF 'imreplace’

CCD

CCD «xy
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8000

4.8
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4.3.5

SIN WCS
IRAF
IRAF ‘imcombine’
S/N
CCD
1
4.3.6
10 3= 30 22
20 3=60 3 12
20 3=60 1 53
50 3= 150 5 27
4.1:
150
5 GRB

49

'imshift’
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GRB
4.4
GRB GRB
( )
SExtractor
4
4.5
0.8
COUN TReduction
COUN Treduction = OBJ + SK'Y (4.2)
SKY OBJ
IRAF  'phot’ aperture photometry
4.9 aperture photometry aperture
photometry aperture (COUN TRreduction ) annulus width
aperture (SKY) oBJ
IRAF  “phot’

50



4.9: aperture photometry

OBJ = COUN Treduction SK'Y (4.3)

MAG = ZMAG

ZM AG[mag]
FITS

SExtractor
10

FWHM
aperture
width FWHM 2.0

4.4

0PSF FWHM

FWHM

EXPTIME][sec]

2:5100,,(0BJ) + 2:5l00,,(EXPTIME) (4.4)

EXPTIME
1[ADU/sec]

PSF  FWHM

FWHM

FWHM 1.6 annulus FWHM 1.75

( ‘M AGcat)

PSF FWHM
PSF FWHM PSF
( (2007 )  4.6)

51



44 ZMAG=0

MAG = 25lo0g,,(OBJ) + 2:5l0g,,(EXPTIME) M AGinst
ZMAG
ZMAG = MAGet MAGi s (4.5)
g0 1R NOMAD
USNO-B1.0
n
Zero; i
ZMAG ZERR
n =2
ZMAG = —P=L Zer_q n (4.6)
i=1 - i
X
t 72 (4.7)
ZERR? o
1190 smith et al (2002) go=V + 054B V) 0.07
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F5F HXRAE 7 DEF

GRB
GRB

7 7

5.1
(2004)
1. SExtractor 1
2.
3.
4.
3
(1) (2)SExtractor
ag (3)SExtractor
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5.1: ( 2004)

USNO-A 2.0
4)
5.1
(2004)
1
Robotic Optical Transiert Seart
Experiment(ROTSE)
ROTSE GRB070611 5.2
ID ID=156 GRB070611
ROTSE

(2004)
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5.2: ROTSE GRB070611 (GCN6497)
ID GRB070611 ID156
ROTSE
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5.2

5.2.1
GRB GRB
1
MITSUME
MITSUME 3
GRB GRB
GRB
GRB GRB
GRB GRB
1 GRB
2

(2)

56

GRB

1)



GRB
MITSUME 3
52.2
1.
WCS
2. SExtractor
SExtractor

57

MITSUME

CCD

Xy



ID R.A. Dec. unknown_num input _num probability
1 224.296782  -12.273696 12 12 100.0
2 224.322731  -12.309618 2 12 16.7
5.1 ID: ID R.A.:
Dec.: unknown_num: input _num:
probability: unknown_num / input_num % montague
ID=1 montague ID=2 bad pixel montague  100%
SN2007gk "DEBLEND _MINCONT'
1/50 0.0001
3. GRB
GRB SExtractor
4. GRB
5.
5
5
6.
7.2
/
51 5.1 montague
5.3

58



)X k

o
P

-

GRBERZM GRBEFRZM
CAR2ES HNDRK

he 0y ek h4 0T EE HhE 0T EkE

R IKIERE

FEEZRRTR CHEICHIHRIMEFERLT S

BADF M

HBI OHRAZRE L -EROKEK
B3R % 1T o = EHR D

Hho7A4IL
1. GRB 6/6 = 100 %
2. RMeESZ €I 2/6 = 33.3 %

DEtE

5.3:
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(JST) [mag]
1989kb 2007/06/15 15.5
kalypso 2007/06/15 134
montague 2007/06/15 13.5
SN2007gi 2007/08/13 134
SN2007gk 2007/09/08 18.8
GRB GRB061121 2006/11/22 19.2
GRB GRBO070720A 2007/07/21 18.0
5.2:
5.3
2 GRB2 3 7
5.2
53.1
Certer MPC) 1

(Minor Planet
MPC

URL: http://scully .cfa.harvard.edu/ cgi/CheckMP

60



ID R.A. Dec. unknown_num input _num probability

1 235.715366  -11.158725 9 9 100.0
5.3: 1989kb 1989kb 9
1989kb
(IAU)
(SAO)
5.2 1989kb, kalypso, montague 3
3 13mag 15mag
1989kb
1989kb
:50811 1D:50813 3 9
54 1989kb BAT 3
1989kb
53
ID:1  1989kb
ID:1 55
kalypso
kalypso ID:50831 ID:50833
9 5.6 kalypso
3
kalypso
54 ID:1  kalypso
9/9=100%
ID:1 5.7

61



5.4:1989kb
ID:50811 3 ID:50813 3 9 :1989kb

5.5: 1989kb 5.3 ID:1 1989kb

62



5.6: kalypso

ID:50831 3 ID:50833 3 9 ‘kalypso
3
ID R.A. Dec. unknown_num input _num probabilit y
1 237.335753  -12.598013 9 9 100.0
5.4: kalypso kalypso 9
kalypso

63



5.7: kalypso

kalypso
montague
montague
ID:50793 ID 3
montague
montague
5.1

12/12=100%
2/12=16.7%

5.9

5.3.2

64

5.4

12
BAT

ID:2

ID:1

ID:2

ID:1

ID:1

ID:50790
5.8

montague



5.8: montague
ID:50790 3 ID:50793 3

‘montague 3
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5.9: montague 51
ID:1(montague) ID:2( )

GRB

GRB GRB
GRB
The Astronomy Sectionof the
RochesterAcadeny of Science(ASRASY

(The International Astronomical Union (IAU))

5.2 SN2007gi,SN2007gk 2
SN2007gi 13.4mag 2
SN2007gk 18.8 mag
GRB
SN2007gk GRB ASRAS
SN2007gi SN2007gk 5.10
2 web URL:http://www.ro chesterastronomy.org/sup ernova.html
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5.10: ASRAS SN2007gi( Koichi ltagaki)
Tristan Dilapo) : SN2007gi  : SN2007gk
SN2007gi
SN2007gi SN2007gi NGC4036
3 15
511 3 SN2007gi
g0
55  SN2007gi
ID:1  SN2007g; 100%
5.5 ID:1
5.12
SN2007gi 2
5.13 (1)
5.14 (1)
5.14 2)
SN2007gi SN2007gi 22

67

SN2007gk(

SN2007gi

g0

(2 2
SN2007gi



5.11: SN2007gi 3
ID:57122 ID:57136 15 : SN2007gi
3
ID R.A. Dec. unknown_num input _num probability
1 180.348484 +61.892593 3 3 100.0
5.5: SN2007qi 3 SN2007gi
SN2007gi
5.12: SN2007gi 5.5 ID:1

SN2007gi

68

3



5.13: SN2007gi 1 @

5.14
5.14: SN2007gi (1) SN2007gi
SN2007gi (2) SN2007gi
10.8mag 13.4mag SN2007qi
SN2007gi 22 2

69



ID R.A. Dec. unknown_num input _num probability
1 251.3266335  +67.9307928 6 6 100.0
2 251.3037899 +67.9558622 2 6 33.3
5.6: SN2007gk 6 SN2007gk 2

SN2007gk
SN2007gk
13
2 3 6
5.15 6 SN2007gk
5.6 SN2007gk
ID:2 2 ID:1
SN2007gk
ID:1 1D:2 5.16
2 SN2007gk
5.17
5.18
1 5.18 2)
SN2007gk
0.005 SN2007gk
2
2
1/50 0.0001 2
R 9 mag SN2007gk R 18.8mag
0.0001

70

SN2007gk MGC+11-20-027

14

SN2007gk

ID:1  SN2007gk

6/6=100% ID:2 2/6=33.3%

5.6

B @ 2
(1)

"DEBLEND_MINCONT'

SN2007gk



5.15: SN2007gk 6

ID:59835 1D:59847 3 ID:59848 1D:59861
3 6 : SN2007gk
3
5.16: SN2007gk 5.6 ID:1

SN2007gk 1D:2

71



5.17: SN2007gk 1) (2

5.18
5.18: SN2007gk (1) SN2007gk
((2) SN2007gk 9 mag
18.8mag SN2007gk
SExtractor
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5.3.3 GRB

GRB
GRB061121
GRB061121
Swift GRB
24
BAT
3

5.7 GRB061121
3/3=100%

ID:1
GRB

5.19: GRB061121

3 1D:30932 1D:30955

3

GRBO070920A(

GRB061121

GRB061121 15:22:29(UT)

5.19 3

GRB061121

ID:1 GRBO061121

5.7

. BAT



ID R.A. Dec. unknown_num input _num probability

1 147.2274959 -13.1950466 3 3 100.0
5.7: GRB061121 3 GRB061121
GRB061121
5.20: GRB061121 5.7 ID:1
GRB061121
GRBO070720A
GRBO070920A
GRBO070920A 04:00:13(UT) Swift GRB GCN6807
I GRB
5.21
I DSS 5.22
5.8 I
GRBO070920A
GRBO070920A GRB
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5.21: GRB070920

I 3 ID:60790
ID:60820 : GRB070920 3
5.22: GRB0O70920A | 20 21
GRBO070920A
GRB
ID R.A. Dec. unknown_num input _num probability
1 100.9369620  +72.2833071 1 3 33.3

5.8: GRB070920 I
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5.4

SExtractor
GRB

"DEBLEND _MINCONT'
BLEND -MINCONT'

SN2007gk
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GRB
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GRB

6.1

(1)

6.2

SRED Bt

GRB
PSF FWHM
GRB

(2)
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6.2.1

CCD
PSF FWHM
10
PC
(1) 0.1mm
(2) (3)
0.03mm
PSF FWHM
11 UTUAST 20 )
6.1
6.2

25
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284

Telesz:ope Tempera'ture
Outside Temperature

282

280 |

278 |

Temperature [K]

276 |-

274

272

UT/JST

6.1: (2007 12 14 ) ( 16:30
) UT 11 @JST 20 )

e
HEKTELT SN

\
Piglre

-

T RE (KSR

6.2:

2007 12 7 (
071207) 071211 071214 071215 071216 071217 071218
071216 080101 080102 080103 080107
080109 080124
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6.3: PSF FWHM

6.2.2
PSF FWHM
(2)1000<
[ ]< 6.0
6.3
a
FWHM(

SExtractor

SExtractor 1

(1)

[ADU]< 40000

a(x

Fbest

80

Ft?est + b2)

20

(3)1.5< PSF FWHM

(6.1)

PSF
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R Focus 22. 638 +/- 0.007 [mn‘J - T
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2 S R S SR W SR W ] A S Y SN S M S—
222 223 224 225 226 227 228 229 23 222 223 224 225 226 22.7 228 229 23
6.4: -3 -3
I R g0
3 CCD
6.2.3
1
6.5 CCD 24 m
F6 o d 300 m
F
m=_—=3
F
o _300m
ds = =30m 6.2
(m2 + 1) 3¥+1 (6.2)
ds m F Fi
ds 15 m
6.4 ds 50 m
PSF FWHM

6.3
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EBR

N , Best Focus
\\\ 7 7
SN S TR

N
N ) 7 N\ 4 / )
\ 7z
| 7 N N — b7l
7 \N/ <\—>
7 N 24mm
p / / N
7 \
6.5: 1 24 m
1
d =300 m
6.3.1
6.6
1300mm
11:8 10 9[1/K]
11:8 10 °[1=K] 1300mm] = 0:0153mm=K] (6.3)
6.3.2
FITS TEL-TMP( )
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¥
B B E

¥
B BE

6.6:
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6.7 R go
y=ax+Db
R g0 6.3
(g0 )
a b
R 0.0157 0.0015 18.302 0.002
g0 0.0150 0.0016 18.491 0.002
6.1:

6.4
6.4.1
6.8
cogZD)
cogZD)
1 90 -
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6.7:

Best Focus [mm]

Best Focus [mm]

R-band (Zenith)
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N Y
071
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N 7.
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N
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[c)
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N 2
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Telescope Temperature [K]
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N
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Telescope Temperature [K]
‘R g0

85



XIE Kz

focus focus

|7MR IE75 A

4

Epl

BlER
BlEE

6.8:
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R-pband

0.14

- South

0.04 0.06 0.08 0.1 0.12
T T T T

Best Focus Residual [mm]

0.02
T

1 1 1
0.7 0.75 0.8 0.85 0.9 0.95
cos (Zenith Distance) [deg]

£8.02
>
a

6.9:R

6.4.2

FITS ZD

6.7 g0

6.9 CcoSs

y=c¢c1 x) 6.2

C
R 0.383 0.025

6.2:
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R-band (2008/01/09)

0.06

0.02 0.04
T T
+
[P
. e
PP
e
1

Model Residual [mm
0.04 -0.02 0
I I : I
|
|
1 e
e :
|
|
|
|
|
—— :
P
|
e —O— :
|
|
|
|
|
|
|
|
e
e
e
e
| | |

6.5

(o]
813 14 15 16 17 18 19 20 21
uT
6.10:
Foc=a TEL TMP+b+c 1 co9ZD) (6.4)
Foc
2008 1 9
13:32 20:17UT (22:32 5:17JST) 25K
45 6.10
15 m 30 m
6.11 2008
1 31 9:37 19:58UT (18:37 4:58JST) 4.7K

46
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273.5 (I)(

22
271.8 K
43°
269.4 K
42°
6.11:
« )
6.6
FWHM 30 m
50 m

6.11

272.2 K
31°

270.0 (I)(

268.8 K
44°

6.4
PSF FWHM

GRB
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271.9 K
46°

269.8 K

268.8 K
35°

PSF



ET7E GRB ERNAERE

MITSUME
2006 9 1 4
GRB
GRB
GRB A
7.1 GRB
2006 9 2008 1 GRB 7.1
GRB 6 ( 1 ) GRB
1 GRB 16 23 GRB

GRBO060923A (GCN5597), GRB070520
(GCN6441), GRB071021 3

(O R, I )
(J, H, K ) GRB
GRB070520,GRB071021 2 ToO (GCN6441,

GCN6976)

7.2 GRBO061121

GRB061121 2006 11 21 15:22:2UT Swift BAT
(, )= (09:48:54.58;13:11:42.7) (GCN5823)
X 1:84 10 & erg/cm?/s(GCN5823) (no lter)  14.9
(GCN5824) X GRB 132
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(UT) 0 R |

GRB061121 15:22:29 2 14 1989 0:12 1916 0:13 1878 0:15
GRB070920A 4:00:13 14 48 > 191 > 193 180 0:3
GRB071020 7:02:26 9 18 > 211 212 03 198 03
GRB071112C 18:32:57 1 173 04 173 03
GRB071118 8:57:17 7
XRF080109'/SN2008D 13:32:48 2
GRB080205 7:55:51 1 20 > 20:9 > 20:9 196 03
)
(um g0 R I

GRB060923A 5:12:15 4 58 18.7 18.8 18.3

GRB061019 4:19:06 9 24 - 195 18.7

GRB061222A 3:28:52 5 20 20.6 20.4 19.6

GRB061222B 4:11:02 8 41 194 19.7 18.3

GRB070129 23:35:10 10 9 19.4 19.0 18.4

GRB070208 9:10:34 2 50 19.1 19.2 18.2

GRB070406 0:50:40 39 21 20.2 20.6 19.6

GRB070412 1:27:03 11 41 20.4 20.2 19.2

GRB070520 13:05:10 10 21.1 21.2 20.3

GRB070612B 6:21:17 5 25 17.4 18.6 18.6

GRB070616 16:29:33 22 17.8 19.1 18.6

GRB070917 7:33:56 2 13 - - 17.8

GRB071003 7:40:55 7 31 16.4 16.4 16.9

GRB070921 9:41:33 1 32 20.0 19.7 19.1

GRB071025 4:08:54 5 20 185 18.0 17.7

GRB071028 17:41:.01 13 19.1 19.4 18.8
7.1: MITSUME GRB :GRB

GRBO070920A
:GRB
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7.1

DSS(Desital sky senay, ) 3
7
7.1: GRB061121 115 60s

7.3 GRBO070920A

GRB070920A 2007 9 20 4:00:23UT  Swift BAT
( , )= (06:43:52.3272:15:00.00) (GCN6805)
21 (GCN6807) Swift XRT, UVOT
Swift  ToO
TAROT
544 R 18.2mag
(GCN6806)
GRB 14 48
7.2 I
DSS I=18:0 0:3 S/IN
6
21
7.2 20 21 21 I
19.4mag 20 GRB
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21

GRB 7.3
20 GRB
GRB
7.2: GRB070920A BAT . 2006
9 20 ORI DSS 31 60s
12006 9 20 | 2006 9 21 |
(43 605)
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16

GRBO070920A Light Curve

Magnitude
18 17

19

20
T

= GCNR
+ MITSUME R

+ MITSUME ¢’

21

PR |
1000

M| " " " PR ST
10 10
Time Since Trigger (sec)

7.3: GRBO70920A TAROT R (GCN6806)
7.4 GRB071020
GRB071020 2007 10 20 07:02:26UT  Swift BAT
(GCN6949) ( , )=(07:58:39.78,32:51:40.40)
(GCN6948) ROTSE 13.6mag(no lter)
(GCN6948) VLT z = 2:145
(GCN6952)
Swift
16:21:13UT
7.4 R | GRB go
S/IN
7.5 (GCN7026) GCN
Xinglong
(GCN6956) R
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7.4: GRB071020 GRB

GRB071020 Light Curve

GoNR
I+ MITSUME R A
MITSUME ¢’ -
s
s i
=
o L |
31
Time Since Trigger (sec)
7.5. GRB071020 (GCN7026) GCN R

(GCN6948, GCN6952, GCN6956, GCN6970, GCN6979,
GCN6981,GCN7006)
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7.5 GRBO071112C

GRB071112C 2007 11 12 18:32:57UT  Swift BAT
UvoT ( , )=(2:36:50.9328:22:16.68)
(GCN7059) UVOT 17.4mag(no lter)
(GCN7059) GRB X
VLT z= 0:823
(GCN7076)
102 18:34:39UT 1 60s
7.6 3
2
(GCN7087,GCN7091) GCN R
1.7 GRB
500
7.7 X

(GCN Report, 104.2)

7.6: GRB0O71112C
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7.7 GRB071112C : MITSUME
1 (GCN7087) (GCN7091) GCN
R (GCN7061,GCN7065,GCN7067,
GCN7078,GCN7080,GCN7083,GCN7089,GCN7090) Swift  XRT X
(GCN Report, 104.2) XRT
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7.6 GRBO071118

GRB071118 2007 11 18 857:17UT  Swift
(GCN7106) XRT

UVOT
70:07:29.20) (GCN7116)
440 9:04:37
GRB
509 2515 30
GRB 10400 13000
(Epoch 2)
7.8
(GCN7119) Epoch 1 Epoch 2
GCN R

GRB

98

BAT

(, )=(19:58:51.80,

R I

(Epoch 1)

41
GRB

7.9



7.8: GRB071118 :g0 ‘R |
GRB R I 99 Epoch 1(30 60s)
GRB Epoch 2(41 60s)



GRB07071118 Light Curve

16

- GCNR
= MITSuME OAO R
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= MITSUME Akeno R

18

= MITSUME Akeno g’ + 0.5

Magnitude
19
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7.9: GRB071118 (GCN7119)
GCN R (GCN7116,GCN7120)
7.7 XRF080109/SN2008D
XRF080109 2008 1 9 13:32:49UT  Swift
(GCN Report 110.1) Swift NGC2770 SN2007uy
XRF GCN TNG
(. )=(9:09:30.65,33:08:20.3) (GCN 7162)
NGC2770 27Mpc XRF GRB
GRB Swift XRF lc (GCN7171,
GCN7173,GCN7184,GCN7188,GCN7189,GCN7212) SN2008D
SN2008D XRF
XRF080109 2 1 11  13:38:50UT 3
(10 60s)  7.10
1 11 SN2008D
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g’ -band | -band

R-band DSS
7.10: SN2008D SN2008D
7.8 GRB080205
GRB080205 2008 2 5 7:55:21UT  Swift BAT
(GCN7250) KAIT (, )= (6:33:00.64,
62:47:32.0) (GCN7251) UVOT white v
b u uv z 40
(GCN 7253)
GRB080205 1 20
I GRB080205
9:16 10:48UT (Epoch 1) 80 60s 10:49 12:21
UT (Epoch 2) 80 60s 7.11 I
Epochl GRB Epoch 2
1=19.6 0.3 R GRB
GRB
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Epoch 1
g’ —band

Epoch 1
R-band

Epoch 1
|-band

7.11: GRB080205 :g0
GRB I
GRB Epoch 2(80 60s)

g0
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Epoch 2
g’ -band

Epoch 1
R-band

O

Epoch 2
|-band

‘R
Epoch 1(80 60s)
R

GRB



FT8E GRB061121

MITSUME GRB061121
GRB061121
Swift
70000 SED
8.1 GRB061121
Swift GRB061121
BAT XRT UVOT ROTSE (GCN5823,
GCN5824) Swift
GRB 3 GRB061121 Swift \burst
of interest" (GCN5839) MITSUME
8.1 BAT GRB061121
Trigger Time 2006/11/21 15:22:29UT (GCN5823)
Coordinate R.A. = 09:48:54.58 DEC. = -13:11:42.7 (GCN5823)
Initial Flux 1:8 10 ®erg=cn? s (GCN5823)
z 1.314 (GCN5826)
E peak 460keV (GCN5838)
Eiso 2.8 10%rg (Pageet al. 2007)

8.1: GRB061121

8.1 GRBO061121
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8.1: GRB061121 BAT (GCN5823) Swift GRB061121

8.2 GRB061121

2006/11/21(UT) GRB061121
R 1 Landolt
g0 SDSS
MITSUME ) 2007/02/15(UT)
8.2.1 GRB061121
Swift GRB061121 15:22:29(UT)
GRB061121
134 17:36:34(UT) 20:38:39(UT)
115 60s
8.2
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GRB061121



Sky Level at Observation of GRB061121

————
« g'—band

* R—band
17.5‘ “ ‘1‘8‘ “ ‘18‘.5‘ “ ‘1‘9‘ “ ‘19‘.5‘ “ ‘2‘0‘ “ ‘20.5
Time [h:UT]
8.2: GRB061121
R | g0
8.2.2 GRB061121
GRB061121 Landolt
GRB061121 GRB061121
GRB061121 (
)
GRB061121 85 2007/02/15(UT)
7.2 8.3
a2z )
14:23:40 15:10:34(UT) 1 46

GRB061121
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8.2:

8.3:

(UT) (UT)
Dark Frame 13:06:42 13:12:21 30sx 10
G163 14:23:40 14:30:03 30sx 10
SA100 14:32:21 14:38:52 30sx 10
SA98 14:41:03 14:47:28 30sx 10
SA102 14:49:44 14:56:05 30sx 10
SA103 14:58:24 15:04:46 30sx 10
SA104W 15:15:48 15:22:16 30sx 10
GRB061121 15:24:28 15:37:18 30sx 19
SA103 16:04:13 16:10:34 30sx 10
23:23:40 01:10:34 GRB
Sky Level at Observation of Standard Star
N g'—band
R-band |
% 8 - . :",:a.' K (R4 ::“: ‘.:."..". ’:.... ﬁc‘. .t'.~ .-M.' ".:- -
é " “.. " "v_a.\ s -'z‘-' :
> - %’
7
i e e _
e - .-f\-_“"m v-:*.“ T, v . ',".“;“= .',
.\. . o Y ;-... u—\' -‘ov
° 1‘4 1‘5 ‘ ‘ 1‘6 ‘ 1‘7 18
Time [h:UT]
R |
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8.3

GRB061121
1.
2. (
3. GRB061121
4, GRB061121
5. GRB061121
8.3.1
GRB061121
4.3
8.3.2 +
Ginst = Gear + kg F(Z)+ Cg (Geat  Rear) + Zy
Rinst = Reat + kv F(Z) + C; (Reat  lcat) + 2z
linst = lcat + ki F(Z)+ Ci (Ueat lcar) + 7
Ginst Rinst Iinst G R | Gcat I:Qcat
F(Z2) Z Airmass
k
k
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C
Z
Band k Z C
g0 0:33 0:08(027) 2098 0:12(2082) 0:05( )
R 0:18 0:04(016) 21:30 0:06(2063) 0:02( )
I 0:05 0:04(009) 2019 0:06(1968) 0:013( )
8.3: + 8
+ 8
+ 2
8
8
+ (2007)
8.3 8
8
8.3.3
GRB061121
+ GRB061121
GRB061121

GRB061121
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8.4 GRB061121

GRB061121 11 8.4
ID
8.4 USNOBL1.0 NO-
MAD USNO NOMAD 0.3
g0 Smith et al.

USNOB1.0 NOMAD

ID g0[mag] R [mag] | [mag]

07029678(1) 9:48:37 -13:07:54 1460 0:17(140) 1403 0:09(143) 1388 0:09(136)
07029120(2) 9:48:32 -13:08:06 1495 0:17( ) 1423 0:09(145) 1398 0:09(135)
07029484(3) 9:48:35 -13:08:50 1509 0:17(144) 1422 0:09(145) 1394 0:09(135)
07029540(4) 9:48:36 -13:10:14 1370 0:17(135) 1252 0:09(125) 1205 0:09(119)
07029697(5) 9:48:37 -13:13:18 1284 0:17(128) 1218 0:09(121) 11:88 0:09(116)
07031262(6) 9:48:52 -13:11:12 1629 0:17(155) 1495 0:09(153) 1454 0:09(140)
07031721(7) 9:48:56 -13:13:26 1627 0:17(155) 1539 0:09(158) 1517 0:09(149)
07032629(8) 9:49:05 -13:13:21 1528 0:17(146) 1447 0.09(148) 1424 0:09(140)
07032509(9) 9:49:04 -13:12:40 1627 0:17(155) 1523 0:09(157) 1497 0:09(146)
07033053(10) 9:49:09 -13:11:56 17:.05 0:17(163) 1519 0:09(155) 1443 0:09(142)
07031877(11) 9:48:57 -13:07:26 1260 0:17(122) 1208 0:09(113) 11:84 0:09(1Q9)

8.4: ID USNO-A2.0 ID
8.4
USNO-B1.0 g0 R NOMAD
II|||
GRB061121 8.5
\|"
GRB061121 GCNb5833

Eg v = 0:04 mag (Schlegelet al. 1998)
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8.4: GRB61121
Time( )[s] g0[mag] R [mag] | [mag]
9064 1019 1957 018 191 02 184 017
12005 642 2060 02
133525 6385 1991 0:18 190 02 1808 0:12
14698 639 198 0:2 191 02 1860 0:16
160425 638 261 02 1924 0:18 1860 0:17
17085 337 1988 0:19 192 02 189 03
127335 46885 1989 0:12 1916 0:13 1878 0:15

8.5: GRB061121 "
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8.6 A=E(B V) Eg v = 0:04 mag
g0 A=E(B V)=3.793
3:793 0:04= 0:152mag R
0.105mag | 0.078mag

Filter eff [Al A=A(V) A=E(B V)

g0 4925 1.151 3.793
R 6602 0.807 2.634
I 8046 0.601 1.962
8.6: (Schlegelet al. 1998)
8.3.4
GRB061121
AB (Fukugita et al. 1996) AB
AB = 25 log (erg=s cm? Hz) 4860 (8.4)
f
MITSUME AB AB
AB
Fukugita et al.(1996) 8.7
AB MITSUME
AB
uo g0 ro i0 Z0 U B \Y R. I

AB 0.981 -0.093 0.166 0.397 0.572 0.719 -0.120 0.019 0.212 0.453

8.7: AB
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8.5 Pageet al. (2007)
Swift
R
8.5
g0 V

Pageet al. (2007)
1)

©)

8.4

8.4.1

( = 0:66)
70000
r = L:5(Uenura et al.
( X = 132)

R

8
Pageet

(

1 = 0:66

2.8 10%rg z=1.314
) j=33(n=1.0

MITSUME
BAT XRT UVOT White/V ROTSE
VLA
MITSUME
GRB061121
XRT UVOT
(2)X 300s
(HX
X (x=132) R (r=084) Vv
GRB061121 GRB
2007) 70000 X
x = l:5(Pageet al. 2006) R
.6 MITSUME R R
al. (2007) r = 0:86
= 0:66)
GRB061121 70000
2= 15 GRB
70000 Ei =
2.1 | = 25 (n=0.1
) E =Esx (1 cosj)
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1
8.5: Pageet al.(2007)
UvoT
0:001
R
x = 1:32
R

0:01

0:001

r = 0:84
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~
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001 R
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g0
X
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@® Ic-band x 0.001
(| ind x 0.001
q ind x 0.01
o = 0.66
—& Oy = 1.5
1 12 3 |4
8.6: MITSUME
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8.7: Amati Ghirlanda GRB061121

Kounus-Wind 670kV RHESS|I 455kV 2
GRB061121 Amati
GRB061121 Ghirlanda

;=25 E =46 10%rg
E =27 10Prg
8.7 Amati (Amati et al. 2002) Ghirlanda
2004) GRB061121
GRB061121 1
GRB061121 Ghirlanda
70000
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8.8: MITSUME

.90
XRT

8.4.2

8.5 3

8.8) MITSUME

=10 05 Swift

8.8

GRB061121

151+ 2)

(1+2)

XRT SED MITSuUME I R
MITSUME
MITSUME XRT SED (
MITSuUME 3 Power-law
Power-law 0:98 0.07
X SED
X GRB061121
GRB061121 z = 1:314
MITSUME g0 R I
Pageet al. (2007) 8.9 596-1566
X SED Broken Power-law+ +
Lyman- 12157
2812 8.9
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8.9: 596-1566 UVOT XRT  Broken power-law t (Pageet al.
2007) Lyman- (121%4)
uvoT
8.4.3 SED
Pageet al.(2007) GRB061121 65000 SED
8.10 Pageetal. (2007) SED MITSUME
SED 1 4 85 1 4
X R X
X
2
MITSUME 2(X ) 3(MITSUME
) 4A( 65000 ) SED
8.10 2 4 X
X 2( = 06) MITSUME
3( = 0:39) 4( = 0:53)
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8.10: GRB061121 SED
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8.5

SED

GRB

UvoT

70000

SED
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GRBO071112C 102
500 GRB071021
GRB z> 63
z> 63 GRB

GRB
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