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Abstract

Gamma-Ray Bursts (GRBs) are the most luminous explosions at the cosmological dis-

tances. The purpose of our study is to reveal the origin and radiation process of GRBs.

We also study the unknown early universe at the redshift z ∼ 10. We therefore built the

MITSuME robotic telescope so that we observe the early optical afterglows of GRBs. The

MITSuME telescope responds the Gamma-Ray Burst Coordinates Network (GCN) alerts

and starts observations immediately to catch the rapid decaying afterglows. The data

which we obtain are analyzed automatically to determine the coordinates and redshifts

of GRBs.

In this thesis, we report the software developments and modeling of the best focusing

to upgrade the automatic observation/analyses system. We also summarize the results of

our GRBs observations from September, 2006 to February, 2008.

We have developed the software for image reduction, which performs removal the noises

of pixels of CCD, co-addition of the frames, automatic detection of GRBs, and photometry.

We show the automatic detection worked well for seven objects including GRB061121 and

GRB070920A, which not exist in catalogs. This software is necessary for performing all

the analyses in automatic analyses system.

Modeling of the best focusing position of the secondary mirror is necessary to improve

the quality of our data when automatic observations are performed. The focus depends

on the temperature and the pointing elevation of the telescope. In the test of this model,

the differences of the model values and actual best focus values are ±30µm. In our optical

system, the quality changes little within the range of ±50µm. So we can conclude that

our model is practicable.

We now detected six GRBs, one supernova associated with a GRB, and measured the

limiting magnitudes of thirteen GRBs in 1 year and 4 months since our system had started.

For GRB061121, our data, when compared to the Swift data, revealed a detailed evolution

of the spectral energy distribution, and the combined afterglow light curve suggests an

achromatic break at ∼ 70000 sec. For GRB071112C, our observation started at 102 sec



after the trigger, and we found that its light curve did not decay until 500 sec after the

trigger. The high-redshift record of our detected GRBs is z ∼ 4.0 for GRB080205.

2



�

�
1 � �����	� 9

�
2 � 
�������	����� 11

2.1 ������� �	!	"$#&%(' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2.2 GRB )+*-,/. 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2.2.1 Fireball 1�2/3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2.2.2 cooling break . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2.2.3 jet break . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.2.4 46587�9	:/;	: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.3 GRB <8=/>@?-5 A	BDC�E . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

2.4 GRB )GF�H�I-J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

�
3 � MITSuME K��	LDMN�DO8P6Q 25

3.1 MITSuME R6S-TU%(' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

3.2 R6S�TV)�W-X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

3.3 YVZ([ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

3.4 \^]�#`_G!�a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

3.5 b�cDF�H dfe�gih/"Dj8k . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

3.6 l69mhD"Dj8k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

�
4 � n@oDp�qiK��	LDM�rDs�t u 38

4.1 b�c/e�gihD"DjNk�v6w-xy)�z	{6| . . . . . . . . . . . . . . . . . . . . . . . 38

4.2 }�~�����#��&�N� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.3 ����a/h��G��%��	�����+� . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

4.3.1 � �8�-"8�/�i� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

4.3.2 ��!�a��D�m� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

4.3.3 ���N]�#�����> . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

1



4.3.4 ������a��/3�)��	� . . . . . . . . . . . . . . . . . . . . . . . . . . 47

4.3.5 �	�����+� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

4.3.6 |	
��� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

4.4 ��� I/YVZ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

4.5 H�: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

�
5 � �������������U�������/r��! 53

5.1 "$#&%N)('�) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

5.2 ��� I/YVZ����U#��&�8��)+*	, . . . . . . . . . . . . . . . . . . . . . . . . 56

5.2.1 {�-^%."$#0/�1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

5.2.2 �+332y�54	k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

5.3 c�68709 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

5.3.1 :	;�<y�>=@?BADC�c�68709 . . . . . . . . . . . . . . . . . . . . . . . 60

5.3.2 E��0<y�>=@?BADC�c�68709 . . . . . . . . . . . . . . . . . . . . . . . 64

5.3.3 GRB �>=0?FADC�c�6G7@9 . . . . . . . . . . . . . . . . . . . . . . . 73

5.4 H %�I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

�
6 � �!J���K���L�M	rmn@o�u 77

6.1 �!ND!	O�"�b�c�P�QV)(/�1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

6.2 H0R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

6.2.1 F�H . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

6.2.2 e�g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

6.2.3 S�" # �!ND!	O�"�)(T�w . . . . . . . . . . . . . . . . . . . . . . . . 81

6.3 R6S�TV)VU/w %WS�" # �!ND!	O�"�)�XZY . . . . . . . . . . . . . . . . . . . 81

6.3.1 [�\ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

6.3.2 ]�^ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

6.4 R6S�TV)(_a`$/Z`i%bS�" # �!N6!	O�" )�XaY . . . . . . . . . . . . . . . . . 84

6.4.1 [�\ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

6.4.2 ]�^ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

6.5 1-2-3�)!c�?/| . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

6.6 H %�I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

2



�
7 � GRB ������� 90

7.1 GRB ;	:N)GF�H�]�^ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

7.2 GRB061121 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

7.3 GRB070920A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

7.4 GRB071020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94

7.5 GRB071112C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

7.6 GRB071118 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

7.7 XRF080109/SN2008D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

7.8 GRB080205 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

�
8 � GRB061121 103

8.1 GRB061121 <���	�
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

8.2 GRB061121 %����<8)GF�H . . . . . . . . . . . . . . . . . . . . . . . . . . 104

8.2.1 GRB061121 )GF�H . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

8.2.2 ���<�% GRB061121 ���y)�����F�H . . . . . . . . . . . . . . . . . 105

8.3 e�g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

8.3.1 ���	a/h�� ��% �	���y�+� . . . . . . . . . . . . . . . . . . . . . . . 107

8.3.2 ����� + �������� �!V)#"yZ . . . . . . . . . . . . . . . . . . . . . . 107

8.3.3 H�: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108

8.3.4 :/w�$ � . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

8.4 %'& . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

8.4.1 (�)�]�#+*-,��Va6)678
/| . . . . . . . . . . . . . . . . . . . . . . . 112

8.4.2 .�/�0i<8=->1���m�3254 . . . . . . . . . . . . . . . . . . . . . . . . 116

8.4.3 SED )���687Dx . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117

8.5 H %�I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119

�
9 � 9;: � 120

< =
A >8?�@BADC1E�FHG�I1J GRB 122

A.1 K#L'M�N ��O8PRQ8S8C GRB )�T�U . . . . . . . . . . . . . . . . . . . . . . 122

A.2 K#L'M�N ��O8PRQ8S8C GRB )�:/w�$ � . . . . . . . . . . . . . . . . . . . . 124

< =
B VXW�Y�r�Z�[ 127

3



� �

2.1 GRB970228 ����: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

2.2 GRB030329/SN2003dh �����
	��� . . . . . . . . . . . . . . . . . . . . . 14

2.3 fire ball ������� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2.4 synchrotron-shock ���� . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.5 jet break ������� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

2.6 Eiso � Eγ ����� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.7 :��
�! #"$�&%('*)+�-,#.0/1	 . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.8 243�5$6	:7�	:��$����98 . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

2.9 GRB041219A � GRB050401 �$243�5$6	:7�	:�8 . . . . . . . . . . . . . . 20

2.10 GRB990123 ��:��:�! � GRB021004 �$273�5$6	:7��:�8 . . . . . . . . . 21

2.11 ;(<��>=�?78 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2.12 GRB050904 �4546	:����:	@�� . . . . . . . . . . . . . . . . . . . . . . . . 22

3.1 MITSuME A4B�CED>FHG(57I1JLK�MHN . . . . . . . . . . . . . . . . . . . . 26

3.2 MITSuME A4B�C#O�P�QR�	:4FHG���S9T . . . . . . . . . . . . . . . . . . . 27

3.3 UWVEO�X&Y[ZR\7A4B�C �#]_^�` . . . . . . . . . . . . . . . . . . . . . . . . 27

3.4 UWVEO�X&Y[ZR\ 3 a1b4c$d9e�f�g(h . . . . . . . . . . . . . . . . . . . . . . 29

3.5 UWV���ij)k�ml ^ 	 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

3.6 GRB FHG(n:P�o�p(qLFHG��WS9T . . . . . . . . . . . . . . . . . . . . . . . . 32

3.7 rs�ut ^ Ev7��w ` O�nyx(QLz�:��&{7|�}y'*)�	4��~9� . . . . . . . . . . . 34

3.8 GCN �9� web � ^ % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

3.9 ]�^�`9��� �$�76�f�g(hW���$e . . . . . . . . . . . . . . . . . . . . . . . . 36

3.10 6(V�f�g(hW� web � ^ % . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

3.11 FITS �[)�� ^ ���9���9�(h���|�ZR\ web � ^ % . . . . . . . . . . . . . . . 37

4.1 �4�9|[�0T�\#�*�7����v7��w ` ���&t ^ }y� ^ � . . . . . . . . . . . . . . 39

4



4.2 � �H	�v����W���&t ^ }y� ^ � . . . . . . . . . . . . . . . . . . . . . . . . 42

4.3 � ^��(^ �	�(�
���
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

4.4 � ^ 	���e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

4.5 �(��	9����x$\���e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

4.6 ��h�)k����ey����� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

4.7 � ) ]�� 	��7��(��	4����e . . . . . . . . . . . . . . . . . . . . . . . . . 47

4.8 ��h�)k����e � � ^ 	���e1����� � �(h ` . . . . . . . . . . . . . . . . . . 48

4.9 aperture photometry ������� . . . . . . . . . . . . . . . . . . . . . . . . . 51

5.1  "!�#
Z!\�$&%E�$f('Ht�� � �)� Z�z+*yO�,.-0/E��1 Z�2+3H\&� ( 4�5	6
7+8

,2004) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

5.2 ROTSE O�P�QLz GRB070611 ����e . . . . . . . . . . . . . . . . . . . . . 55

5.3 9):
;�<=#(>$���@?BA�C9���&t ^ }y� ^ � . . . . . . . . . . . . . . . . . . 59

5.4 1989kb �BD
E[Z \��.F�G
H�D�zJI)�7eEO�K)3)L�f�'&t4� � �M���E�JN0OW\P.Q
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

5.5 1989kb �JD&E ZR\W�)F+G	H�D��SR&T P.Q . . . . . . . . . . . . . . . . . . . 62

5.6 kalypso �BD
E[Z \��.F�G
H�D�zUI)�7eEO�K)3)L�f�'&t4� � �M���1�JN0OL\P.Q
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

5.7 kalypso �JD&E ZR\W�)F+G	H�D��SR&T P.Q . . . . . . . . . . . . . . . . . . . 64

5.8 montague �BD
E[Z \��.F�G
H�D�zVI)�7eEO�K)3)L�f�'&t4� � �M���E�JN0O
\ P)Q . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

5.9 montague �JD	E ZR\W�)F�G&H�D	#�Wj� T�\M9):);�X.Y1����e . . . . . . . 66

5.10 ASRAS O�Z�[[�0T�\9z SN2007gi � SN2007gk �9� . . . . . . . . . . . . . 67

5.11 SN2007gi ��d9e Z�\ 3 ay����e�O�\ ZBL�f]'(t��4�������^N�O7\�� . . . . 68

5.12 SN2007gi �JD	E Z�\W�)F�G	H�D��SR	T P)Q . . . . . . . . . . . . . . . . . . 68

5.13 SN2007gi ��f_?����a`+bE��cedgf . . . . . . . . . . . . . . . . . . . . . . . 69

5.14 SN2007gi ��f_?����a`+b . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

5.15 SN2007gk �$�
F�G&H�D�zSD&E�Z�\ 6 hE���9e:OS\ ZJL�f0'�t��7���.�
�
N�O�\�� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

5.16 SN2007gk �JD	E ZR\$�)F�G	H�D&�SR	T P.Q 8 . . . . . . . . . . . . . . . . 71

5.17 SN2007gk ��f_?�� ��`+bE��cidjf . . . . . . . . . . . . . . . . . . . . . . 72

5.18 SN2007gk ��f_?�� ��`+b . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

5



5.19 GRB061121 ����e:�JD	E ZRz 3 a�����e�D�f]'Ht7� � ���.��� N�O7\&� . 73

5.20 GRB061121 �JD&E ZR\W�)F+G	H�D��SR&T P.Q . . . . . . . . . . . . . . . . 74

5.21 GRB070920 F&GHD ��� TH\M�4e1O \jZ�L7z�A1h ^���^ 	� � ��$.% � f	'
t7�7������� N_O7\�� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

5.22 GRB070920A � I � � ] �W� ^ '�OMK
3
L�z 20 � ��� 21 �0��������ZR\�� 75

6.1 	�
yD���z�UWV�������(J+U��&{7| . . . . . . . . . . . . . . . . . . . . . . 79

6.2 v ^ /����4������� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

6.3 PSF FWHM �����:�����(Q�\���O SExtractor D��#:ZR\�$	% . . . . . . . 80

6.4 ��� � ��� ^ f&�������u) w �)���4�9� . . . . . . . . . . . . . . . . . . . . 81

6.5 ��� � ��� ^ f&���"!9�:�$# #�%
Q�\&�7������� . . . . . . . . . . . . . . 82

6.6 ��� � ��� ^ f&���VU��('*)��,+yU%#Q ����� . . . . . . . . . . . . . . . . 83

6.7 ��� � ��� ^ f&� � A4B�C��VU��y��-�� . . . . . . . . . . . . . . . . . . . 85

6.8 ��� � ��� ^ f&���4�4�('*)��,+yU%#Q ����� . . . . . . . . . . . . . . . . 86

6.9 ��� � ��� ^ f&� � A4B�C��". /�f /���-E� . . . . . . . . . . . . . . . . . 87

6.10 021(�"��� � ��� ^ f�� � ���� � �L�
1 . . . . . . . . . . . . . . . . . . 88

6.11 �(3H%*4 ^ h7O�P�Q��u�4F�G]�
�5�6� T�\���e . . . . . . . . . . . . . . . . 89

7.1 GRB061121 ����e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

7.2 GRB070920A ����e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

7.3 GRB070920A �87��:�� . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94

7.4 GRB071020 ����e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

7.5 GRB071020 �87��:�! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

7.6 GRB071112C ����e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

7.7 GRB071112C �87��:�! . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

7.8 GRB071118 ����e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

7.9 GRB071118 �87��:�! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

7.10 SN2008D ����e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

7.11 GRB080205 ����e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102

8.1 GRB061121 � BAT �87��:�! . . . . . . . . . . . . . . . . . . . . . . . . 104

8.2 GRB061121 FHG�c&����f7/j.9�9y��c2:W{7| . . . . . . . . . . . . . . . . 105

8.3 ;&<)%WFHG�c&�9��f7/ .9��y�W{�� . . . . . . . . . . . . . . . . . . . . . . 106

6



8.4 ���.%�����e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110

8.5 Page et al.(2007) �87��
�! :O������W� ^ '9���yt�)k��Z�\�� . . . . . . . 113

8.6 %&'0)k� ,#.0/1	9��	�
�%
QW� . . . . . . . . . . . . . . . . . . . . . . . . . 114

8.7 Amati ������n
P�o Ghirlanda �����#O GRB061121 ���1t�)k��ZR\&� . . 115

8.8 MITSuME � XRT � SED . . . . . . . . . . . . . . . . . . . . . . . . . . . 116

8.9 596-1566 �#OWnEx(Q UVOT � XRT � Broken power-law fit Z!\&� (Page

et al. 2007) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117

8.10 GRB061121 � SED c2:W{7|1�9� . . . . . . . . . . . . . . . . . . . . . . . 118

A.1 GRB060923A � GRB061019 ����e�8 . . . . . . . . . . . . . . . . . . . . 122

A.2 GRB061222A � GRB061222B ����e . . . . . . . . . . . . . . . . . . . . . 122

A.3 GRB070129 ����e � GRB070208 ����e . . . . . . . . . . . . . . . . . . . 122

A.4 GRB070406 ����e � GRB070412 ����e . . . . . . . . . . . . . . . . . . . 123

A.5 GRB070520 ����e � GRB070612B ����e . . . . . . . . . . . . . . . . . . 123

A.6 GRB070616 ����e � GRB070917 ����e . . . . . . . . . . . . . . . . . . . 123

A.7 GRB071003 ����e � GRB071025 ����e . . . . . . . . . . . . . . . . . . . 123

A.8 GRB071028 ����e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124

A.9 GRB060923A � GRB061019 �87��
�! �8 . . . . . . . . . . . . . . . . . . 124

A.10 GRB061222A � GRB061222B �87��:�� . . . . . . . . . . . . . . . . . . 125

A.11 GRB070129 �87��:�! � GRB070208 �87��:�! . . . . . . . . . . . . . . 125

A.12 GRB070406 �87��:�! � GRB070412 �87��:�! . . . . . . . . . . . . . . 125

A.13 GRB070520 �87��:�! � GRB070612B �87��
�! . . . . . . . . . . . . . 126

A.14 GRB070616 �87��:�! � GRB070917 �87��:�! . . . . . . . . . . . . . . 126

A.15 GRB071003 �87��:�! � GRB071025 �87��:�! . . . . . . . . . . . . . . 126

B.1 1989kb �c2: �9��� O��&� ZBL�3EQ���� . . . . . . . . . . . . . . . . . . . 127

B.2 kalypso �c2: �9��� O��&� ZBL�3EQ���� . . . . . . . . . . . . . . . . . . . 127

B.3 montague �c*: �9��� O��(� ZBL�31Q���� . . . . . . . . . . . . . . . . . 128

7



�

2.1 ����n:P�o����y��t��:)k� A4B�C&8 . . . . . . . . . . . . . . . . . . . . . . 24

3.1 UWVEO�X&Y[ZR\7A4B�CE��~ � . . . . . . . . . . . . . . . . . . . . . . . . . 28

3.2 UWVEO�X&Y[ZR\ CCD f�g(huz Alat U6 �L~ � . . . . . . . . . . . . . . . . 30

4.1 �u� � �(	�v����&>$���@?JA�C9����	�c*: . . . . . . . . . . . . . . . . . . 49

5.1 9):
;�<=#(>$���@?BA�C9�	#�W�
&� . . . . . . . . . . . . . . . . . . . . . . 58

5.2 9):
;�<=#(>$���@?BA�C9�W�)F�G	H�� P.Q . . . . . . . . . . . . . . . . . . 60

5.3 1989kb ���
F�G	H P.Q . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

5.4 kalypso ���
F�G	H P.Q . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

5.5 SN2007gi ���)F�G&H P.Q . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

5.6 SN2007gk ���)F�G	H P.Q 8 . . . . . . . . . . . . . . . . . . . . . . . . . . 70

5.7 GRB061121 ���
F�G	H P.Q . . . . . . . . . . . . . . . . . . . . . . . . . . 74

5.8 GRB070920 ���
F�G	H P.Q . . . . . . . . . . . . . . . . . . . . . . . . . . 75

6.1 ��� � ��� ^ f&� � A4B�C��VU��y��-�� . . . . . . . . . . . . . . . . . . . 84

6.2 ��� � ��� ^ f&� � A4B�C��". /�f /���-E� . . . . . . . . . . . . . . . . . 87

7.1 MITSuME UWV�A7B�CE� GRB ��7$FHG P.Q . . . . . . . . . . . . . . . . . 91

8.1 GRB061121 �����&� ^ ' . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

8.2 ;&<)%���FHG���3(%*4 ^  . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

8.3 ;&<)%$���(� � ���4\�:t�/ + �������7����8 . . . . . . . . . . . . . . . . 108

8.4 ���.%�����N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

8.5 GRB061121 ���BN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110

8.6 I � � ] ������� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

8.7 AB ��N�� ZR\�I � � ]���� �"���&��U�Q�� . . . . . . . . . . . . . . . . . 111

8



1
� �

� ���Wz �]�^�� �9^ � � (Gamma-Ray Burst:GRB) �L2W3(5�6�7W��7y� F&G�%�Q�� �
OHP d z GRB ���	� ��
����� ���1U7z*n�P!o GRB �^E	3�\���39;&<H�����E��� ; � Z
L+3yQR8������ ;
������%:QL\2�Wz�� ���� �4;&<$ ��! �"�U�V0������r�� �$#�% :'&)(*,+ :
;-�	7FHG�"�z/.�0�1S:�&2(�O MITSuME A4B�C (Multicolor Imaging Telescopes

for Survey and Monstrous Explosions) �RX9Y Z \�8!�>�4365Lz7�!8��2�7ULVH� MITSuME

A4B�C��&v7�7w `�9;:��=< �	>.E��@?BA:ZBL�31Q�8C�D O@E27�%
Q GRB 5$6�77�27E� :GF ��3(� ��HJI Q�\��4z ����� GRB :!F �	K �L �@MEx�Q � �m���HO�N�F(GE�JNO3 z��m�$F(Gyv4�4w ` � 9�: Z \L8�� � OWz,%QPHQ�A$B
C
�@R�� � Z \ ����"W�@�! � ��S � �4��F(G P�Q �;T�2VUL��� ^ ]a� )�	,%:QL\2�WzXW� Z \W� ^ ' 
�m���HO��9�j�*T:Q�� �4�9�1v4�Ww ` � 9�: � N]O�\L8WU�V�� MITSuME

A$B�CyD��4z)� T � ��v4�4w ` ��>�EQ� 2006 Y 9 ZyO 9 R+�*THz 2008 Y 2 Z'[�\ � GRB

�
�u�7FHG � � ^ '4�
�u�7�&��SN�]�T0L�31Q�8^ \�z������ GRB F(GE�JN0OSL+3(J�39c�:(�@_`EO@a.E�%�QL\*�Wz�a9��b�cd (Active

Galactic Nuclei:AGN) e�f.9
%�JBg���h : :.;��"77�9{$|:���m�*�(O��)i&' ^ %�Q�zmr �
t ^ 4F(Gyv4�4w ` � 9�: O �kj)l Z \L8!r � t ^ 4F(Gyv4�4w `�� �4z(�m���HO�:.;WF
G�����3&%�4 ^ ���F�� Z F(GE�JNO3L�m�$F(Gyv$�4w `E� z6W � Z \W� ^ '���G(7jZ977�
{7|
��m)n:Q��u������v7�7w ` � � � �[�*T
QR8Q�RTEO�P�d z�[�\yz � ��� GRB ��FHG
� p(q�FHG �Xo'p OE�u��D	>)E�� N�O+L�31Q�8
��� 8 &�D��4z ^�q � ���:�m�$F(Gsr �9��O;t'ujZ�L+3�\ � IE�JYO3 \2��O N OW\�z9v

��w ` ���7�9|#OMK&3	L	v2%�8GwEO7z����9�Hv���w ` >
Ey�	x�y � ZJL�z>
E 9 R0� �
2008 Y 2 Z ^ D&� GRB �&74F�G1� P
Q ��v2%�8�z 2 {,| GRB }�~,��� GRB };�G�)��B�	�2�,� v��$�	z 3 {!| MITSuME ������}2�'��G��}��2� �;�Q�2�/�)�����6��2�
���'� ��}'¡'¢�£¤�2� � ��z 4 {!|!¥�¦,§B¨}©)ª�«)¬ ( ¯®!°���±�² ) �k³G´�µB¶/· �
��¸�¹ �º�!»!�@¼¾½;¿/À�ÁÃÂ=ÄGÅ }�Æ�Ç ���)����� �k�¯z 5 {2|)¥ GRB È�É@}�Ê�Ë���¹�6��ÌBÍ��JÎ!¿�ÀÏÁ=Â$ÄGÅ }�Æ�Ç�¹ �2���Ð�6� �!�B���Q��}¡�¢�£Ï�)� � ��Ñ 6 {!|
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À�� §��'�����Q} ��� £ ���������'��� Ñ 7 {�|��
		} GRB ��¸,}¯�������¹�����������
GRB061121 } ��� ��� ¥�Ñ 8 { �@����������� �$Ñ 9 {)|���������� �������������	�
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2
� � � � �

� ²��	��
)§)� Á (gamma-ray burst: GRB) �¯¥�����,}�� Î ©���������� ��� �����
} � ²������! 10 "�#�¢�}!$&%�' �)(+*-,/.1032 |4� * � 0�5 |)¥��6� �67 })8�Ç 0�2
|6� Î�9 �:�<;=��> ��� ÎX� �?�J�k��@)}�A�BDC�E�FHG)I Ä ²�J2² � ¥ � ��K �L � �NM
�PO?Q �BÎ¯� ��RTS3U � GRB ¹)V �BÎ69 � �&WX* � z∼ 10 } ��Y�Z �4�B¹$�G� �JÎ69 �
��|=[ Î � Z�\ O]Q �� Î$�&9 }T^2|)¥� �<_ 0�` |)} GRB }�¬ � ���)�)�	� �=�¯ª �
GRB }!A3B�C�E&a Wcb GRB ¹�V � R Y3Z �6�Dd�e ���)�)�	����� @�� ��� ��� � GRB

}��,�)� �����)�2� � � � Î¯�

2.1 f g h i j k l m/n o
GRB ¥�� 1960 U�p ��q�r�s=t ��Q=R�u6vDw3e�x�y4z (Vela y4z )

�4W > � �c{ Z ·�_ �
Ç=|�O}Q=R (Klebesadel,Strong & Olson 1973)

�!~�� %�'�¥� 10 "3#�¢&�6� * ��� � ���
¢���£��D|���Q!�T��Ë&� 1 � � 1 �!#�¢'Ç=� � Î�9&� �	;&�6>�R � �����=�3@6� � 30 U� É��'�¥�Ç=�D�����JÉ 9 �T�&�3�4� * � GRB �	���=�	����� � �XO1Q�_ �	� R �

GRB �:����¥�� 1997 U �� ¨  Å � X � /
� ²:����ËT�/�!y�z BeppoSAX � GRB970228�)������� ��  M X �3¡�� X � �,¸�¹¯Ç�| ��R 9&���&WH*�7 [ M£¢6¤)�JÎ (Costa et al.

1997 ��¥ 2.1 � s ¥ )
�

X � �!¸���Ç�| �)� [/��¦T§!¸&�!  M �!¸&�D¨ s �������O4� �©«ª¬	 �6�����������6�,�«O1Q (van Paradijs et al. 1997 ��¥ 2.1 �=G�¥ ) � 9 QP����
¸4� X � ®¯¦	§)¸ � ��%�'3�<°�[T±� ��!²�³ �´ ¸ ��Î�94� ���µ�?� � È3>�R (Wijers et

al. 1997 ��¥ 2.1 ��¶6¥ )
�µ9 Q�· � ���,�&�N�=�����2¥ GRB

� ¥ X ���¸�£¹3º �3���T»¼ � º�½6¾��� +�}�3'c  M �)¸�¹¿ � �!@�QÀ�?�!Á�Â »,� ¥!°�[ ∼ −1 ��%�' �}ÃQ�´ ¸� Î�9&� �	ÄP��Q ���Î$� �3R'� GRB �2¸�a Wcb GRB Å�Æ�Ç��<;)¸/�,� �=W > � GRB

���6���2��È	È�É��DÊ � * (Metzger et al. 1997 È É ) � 035 �2¥ GRB ¥DË�Ì�Í�Î�Ï�Ð
z>0.2 ����Î��4�4��Ç=� �JÎ �6� �67 �)8�Ç 0�2 �4� Î��}ÑXÒ ��Q&Ó�Ô Î$�

HETE-2(High Energy Transient Explorer 2) y=z4� 2003 U 3 Õ 29 � (UT) Ì Ì�ÍµÖ R
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GRB030329 ���2¸!����° Á  Ì Ic Â � � Ê6z��6;&��Ç&|¸O]Q&R 9=� �N� ( ¥ 2.2) � GRB� � Ê&zXÌ�±��H��� Î&9�� ����vXÌ)È�>DR (Stanek et al. 2003 � Hjorth et al. 2003 �
Kawabata et al. 2003)

��0�5 � ��M � GRB ¥
	��6�! 10 �· s ��� � ¹������ 7 È�z
�/©3� ¹�� Ò R��4Ì������DQ=Ó ¬���ª °��/§  Ì�È Î&� [�Ì$Ç4� ��Î&�£Ñ Ò ��Q=ÓDÔ Î 1

�
Ö � Ö �!u=I4�
��¬ » Ç=�	C�EB¥TÔ �3K4Ì L Ì� �<Q�Ó�Ô Î$�

2.2 GRB ! " # $ %
2.2.1 Fireball &('*)

GRB +-,�a W�b �2¸&� ��. ¹�/�� �JÎ R �D��0�1 » È�2'¦  ¥ Fireball 2'¦  �4� Î
(Pacynski et al. 1994 � Ress and Meszaros et al. 1994 �43�5G¥�¥ 2.3)

�H9 QQ¥�� 7 � � z
¹�6	¡ ��Ö R=G)I Ä ²�J2²!��� 7�� � Ä87 :9 §Q¹6�;�¸�< � ¹�< ®=�	¹�<&��>���?����
�!Q��A@6³8BDC ��Î&� Ô ½ �����6� ÎX��9 � � [E�4>���?����
F@§HG�²�I8J
< Γ ∼ 100 #
¢���KML�N » ³¢&��JPO ª Á ` Ì�PO  �!A Í O}Q Î$� @ Ö Ó��)��O  �EQ ��R��=���£�� R
R�S3º (internal shock) Ì W >DÓ�@4³«O1Q&R�¹�<��¸��A3BÀO]Q Î �,²°�F Á F'²�A�B
� GRB +-,�¹��-T ÍXÖ � 1 ��Ì� � ��>DR2�UO  �Tz='E�-� � R�� � Î �=Ì!� � R
RUS
º (external shock) ÌV@4³�O1Q&RT¹�<&�<A3B ��Î �2²�°UF Á F²�A�BHÌ W >TÓ �)¸=���MTÍ O1Q Î��}ÑHÒ �£Q&Ó�Ô Î$�

2.2.2 cooling break

Fireball 2'¦  ��¬PN��T{�WPO1Q Î � �2¸&�'����° Á  a Wcb ¸¢YXc��¥3¥ 2.4 Ì'È Î
(Sari, Piran & Narayan et al. 1998)

�¸9 Q�¥���°H[3±� ��;�Z �JÎ ¹P<��/���G²'°�F Á
F'²�A�B��<A Í O]Q Î���Ö R	��µ��'�E� ° Á  � ¸¢[X���6� Î$� GRB030329 �)¥8�]\^ 7 �]_ s Ì�` �PÖ Rbadc 30cm ��e8fMg �M�UhDi�jDFlkmFPi (Un�o νc p]qDrMs nPo ¾t�u8v Ö4w �=Ì]xPy{z cooling break

t q�r Ö 2 ��|[}]~H� GRB ���[�M�]�P��� t Ê:�Uz
}���ÌV�M� ÖAw
�P�D�P��w ���U���
��,U���8���DhY����j���� 7�� 9E� p{� yD�����]���

1GRB �d� �m¡;¢¤£d¥§¦;¨A© 2 ª4«¬¯®V¥¤°±©;²´³�µV¶¸·4¹dº�©¼»±�m¡;¢m£ >2 ½V«;¾¿«±À long GRB Á�¤¡V¢±£ <2 ½�«V¾Â«AÀ short GRB ²�Ã¤ÄmÅ¯º�©Æ» long GRB «§ÇÉÈ�¥ÉÊmË¤ÌmÍAÅA°�ÎÏÁ short GRB «§ÇÈ]�AÐÆÑ±Ò±Í¯Ó;ÔVÕ;ÖÂ×ÉØdÙÉÚ�«¿Û¤Ü�²Ý³�µ�¶Þ·;¹¯º�©Æ»
2 ß «§¢ àâáEã¸·±äå§æVçéèV�¿ÁÂê 2.4 «ÆëAì¯ê¯�d°â©�å§æ;ç¼è “adiabatic hydrodynamics, slow cooling”ÅA°mídäÂ»

12



�
2.1: GRB970228 ����� ����� :BeppoSax �
	�z����
 8 �����D� X ����� ���
� :Bep-

poSax ��	8z]���� 2 ����� X ����� (Costa et al. 1997)
����� �����! #"�� X �������

���{�M�%$���&
�' �"�(:z-}�� p*) ~ z ���,+ : - �/. � e8f�g{��	�zE�0��21,�¤�43%5
�6�
� �0�,+ : -*��. � e�f�g{�7	�z
�8�7 8 �9���0:�; (van Paradijs et al. 1997)

� 3
5��4��� p &��< >=@?��BA�� � "6(�z �*C :GRB970228 � X � DE305��FDHG�I������D�J�
KML � (Wijers et al. 1997)

� �
��� � �JN�O@P2$������P�%QBR/S@PT&��! �"�(:z �
13



�
2.2: GRB030329/SN2003dh � SN1998bw ��� ����� � �0��� (Stanek et al. 2003)

�
4

�
8 �±� GRB030329 � qDr P���� GRB 345�������� power law �
	 p�� ?�� Ic ����

�
�
SB1998bw ��������	�A�� w � ����� � p�� y wE�

�
2.3: fire ball ��� � ��� � �
�
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�
2.4: synchrotron-shock � � � (Sari, Piran & Narayan et al. 1998)

�J���
:νc < νm �Y�

R (fast cooling) ��� ����� �P�4�@C :νc > νm(slow cooling) ��� ����� �P� νc � � � ���� s n�o � νm � � �������
	��-�� ��� � ~H��� � z��� �U��� ��������� ��� ��� �
 "!�# t%$ �Ew'& #�(�)+*-, z/. � � � � � � s �"0 � νa �21�354'6 s �"0 � p �TQ2R�7
0 P 	98 , z & # �4Q R �J� � : radiative evolution � �TR��%� K L � �J�BC : adiavatic

evolution �{��R��0� KML � �
P & #
:";=< �->�?A@¤y w ~ tCBED , z εe � εB � cooling break �-��� ��� �  !5# Γ �
;
< �'F@RG@ B �6P�H-z (Sato et al. 2003)

� � ����8��� & # �JQ2R p � ∼ −2 P�H-zE�
PP� cooling break �[�/I:��z�� K L �[�%QBR�� ∼-1 ��� z � ��I���J 0 ��345���K �ML
P GRB �T���2N�OGP  %Q < �{�������
� �-�4$8��&=R ,TS � � �U� �-V �0 νc

(W9X
Y X �'K �ZL N-[9\ ,]S ��^ ��_�( ( H S Q����"K �ZLa` ��b � S9cUdfe � � P cooling

break
( O�Pg@ X]S=h ����� S �

2.2.3 jet break

GRB �=.=i � � )j ��k�l��*P-�P�MA-m=i¤� �on P�H S �qp ?�r X "�( S (Rhoads et

al. 1997 � Rhoads et al. 1999)
� H SUs=t R PU��m=iA� � �5uEl]vP�9FMR+@E���-wY�P�

m�iâ� � ��x K θj y r{z"|f@ X}S Rθj 	+~ R/Γ F@R A�� S � , � )�� �
m�iâ� � ��x K θ
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�
2.5: jet break ��� � �E�

� 1/Γ + θj ��� S � h�XG( � � ���=� �V�������7	�~�����N ( &��' 1Γ ∼ θj ��� S �4�
θ � 1/Γ ���	�8 �
����� ( S=h ����� S (

�
8.6)
� W ������� 	2~qQ A@��-���=� �V�

���:��	+~�@=r��/&��! ±�>������
���� A�� S � h X ��	+~9� K L �[��� X}S��X L ( ~
N jet break ����� � jet break �:��I � S � K L ���JQ2R����'� ����8� ∼-2 P�H S � jet

break ���5^ � θj ���������@	��¤��7� ( H S (Sari, Piran & Halpern et al. 1999)
�

tjet ∼ 6.2(E52/n1)
1/3(θj/0.1)8/3hr (2.1)

h�h PP� tjet � jet break
("! R/Q���^�� E52 ��kl �U� )j � < ��� GRB ���9� �2� �

N 1052[erg] P$#�%'&8 QB$
��� n1 ��(*)P� � ���=����+ K [cm−3] PEH S �
� K L �Y� jet break

( =', y S � θj N.- S=h � ( P7R S ��P�� W2h y r GRB /�0��
�9� �2� � Eγ N.1 *U,]S�h � ( P�R S � kl �U� )j NC\�28 Q < ��� GRB ���9� �
� � N Eiso( OEPU� ) � ,]S �4� Eγ �����@	3�±��42?+r X]S �

Eγ = {1 − cos(θj)} · Eiso (2.2)

�
2.6 � Eiso � Eγ �35�� � � � � P�H S � Eiso � 1052erg y r 1054erg

� PM�$!A 	98
 �"�( S �76 l���m=i±� � ��87R-x 	}N�9;:' %Q Eγ P7<�� GRB ���� �2� � <�	8�<
1051erg �>= +  ±��� � � � �� �"� �+� � ��?�@BA 6	C  Q.DEA�F S (Frail et al. 1997) G

jet break <"H'I7JD�7FLKNM%P�PO S Q7Q���J 0 �%N�O;R�P7S���� �=X L ( ~ ( O�PA@
X]S=h A��	F S G � 2.7 � �B� PEH S GRB990510 �0� KML �@P�<8� I � R � V K �ZL P�S
�D� �
X L ( ~ ( OEPg@ X Q
Q7Q�� h � ��X L ( ~�< jet break PEH S A p ?+r X "�( S
(Harrison et al. 1999) G' y  UT'V�� Swift W � � XRT � 	2~YX�Z[F X �*��� �-OGP (
3]\��'F S A4� X �^A�3%5
��P ��X L ( ~ ( 6	C  �F%( GRB $�_�`Y��OEPg@ XTS 	a�±�
F�b"Q (Liang et al. 2008 � � 2.7 � �B� ) G W ��Q7Q�� GRB �
��P�< X �^A�3%5
��P )
jac$d�e'f � ( bgF S A�(h�ji�k,$ml ) X "6( S�(]n (�o	p�q�rM?"< * "6(�F%($G h�s't
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�
2.6: Eiso A Eγ

s 7  �G Eiso

s 	�8 < 1052erg y r 1054erg o�P n  A�	�88 #"6( S G 6
l n m=i � � s 8�R�x�	}N 9�:! Q Eγ P�< n GRB

s�� ��� ��� < 	"8a< 1051erg q = +
,]S

(Frail et al. 1997) G
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�
2.7: � KBL � + s m�i � � . � d � G � :GRB990510

s � KBL � (Harrison et al. 1999) G���
:I K �fL n G :R K �fL n�� :V K �fL G0N�O s bgF S 3 K �fL P�S%�7q �X L ( ~ ( O

PA@ X Q"G � :GRB050525A
s � K L � (Liang et al. 2008) G X �^A�345�� P �=X L ( ~

( =gr X]S ��� ( b F S G
� N���� ,]S Q7Q�q�$ n�� A s GRB q�Q�(  �" n X �hA�3%5
� s S4�UOEP}N l b4"6(,A
	�
 ( H S G

2.2.4 ������������
��������� r�� � Q GRB  "!$#&%$#g< n('*) ∼ −1 +&,.- q(/$#10 S G 6 l n GRB

�
��2&� s  "!$#&%$#*q]<4315 F6#�798"&;:��1<>=@?7AA:CB�DE<GF&HI=>GKJ�L1MN:CO�P;q�QR H9S�T'qVU.W� "!$#&%$#NX.H�o	p�q�Yaq(Z;[6<�F�H;=6:1\^]$_V`a=cb�H9+.d�ef0 '*)Vg
XCh ) �Kikj"F 2 l;m$=Nnpo�q6<GF�HI= ( rCs�t�\ 2007 u GRB v1w �9x9y�z ) {$].<;X&\
(1)GRB |�}N_1~I���&�9�@��n4���6�k_& .!�#�%�#N_6`�=�bGH (2)reverse shock �$i��G�
=� .!�#�%�#N_6`�=�bGH9\@+�m�=({

(1) +$X�\1~I�V�.�9�@��n��4W �  .!�#�%�#G:C��#@0a=�M;:VJ�L���<NF�H*=":1\V~*���
���1��n(�(������/$#*���>j9=A%$#a�KJ�L��p<�F&����\.?V_V�9#G_$�"���@ 9¡@X�¢*£k�p<
F1H R H.{9S�¤@\(J�L � S GRB :@H&¥�<;_6¦9§;+*��\�H�[@¤���¨ � H�?Gn(:"iN©9ª&F1HR H GRB |$}N_6���I«I¬��®N��¢k£C0a="S�T�_.¯�:9©��c� R =&X6¥N+�m�=({

(2) �1� � F@\"°�±N²N�6³.´���<µ=4U&WG .!�#�%�#N_"#@7>¶(�a�&· 2.8 �4¸�¹µ= (zhang
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et al. 2003) {k?V_V°@±N+9X 2 l�_�����«@:����ID�<GF�HI=c{ 1 l�eAX&\ reverse shock �9i
: forward shock(=external shock) �;�@=�#@7	��
�1_��k� x <;S"¦�§ (Type I: · 2.8 _
� � ) {N?A<;X&\^�9# � � t−2 +������(/$# � (reverse shock �9i ) \���� t1/2 +6�9# � S �
+��9P�_ t−1 _4/9#;����� (forward shock ��i ) { 2 l�e^X"\ forward shock _V#&7���
 � �
� reverse shock �9iG: x <GS6¦@§ (Type II: · 2.8 _�!�� ) +�m$=c{G?V_V¦@§k��X&\ reverse

shock © D(_"���µ�N���A["¥@��# � \6] � F t−2 +��"�µ�4/�# � S � +��GP�_ t−1 _C/�#
���#�"n�H$� { Type I \ Type II n��V\ reverse shock �N��=%�&
���_��C�k©�Dc\ Fireball

©�D��('*��<NS�)�*�+I_�,"-*_;¬.
0/C�21�3�4k��576���8�9=�?Gn�:�'�9a=�{

   

 

 

 

 

 

 

 

  

· 2.8: U6W$ V!�#"%@#�_;:=<�+ (zhang et al. 2003) { � ��: Type I \>!"�G: Type II { (tp,r,

Fν,p,r) X reverse shock �9iN_��
?�._���@>n;A"B�C��"®6{ (tp,f , Fν,p,f) X forward shock �
i;_��&
7�&_1�D@µn�A�B C��&®C{

GRB EGF H%IKJ�L�M�N"OQP�R2SGT�H�U2V�WGXDW

GRB |1}9_C~��c�V�&�"��nA�6���� V!1#C%1#G�KJ@L�YpS(M n2Y F"\ GRB041219A \ GRB050401

:�m�= ( · 2.9) { GRB041219A _C¦�§;+$X�\ GRB |$}N_1~I�V�.�9�@��nA .!�#N_6��#G:
��WZY�F�Hk= (Vestrand et al. 2005) {%[�\�_C�9�a���$�9 �¡����4��:Nm�=�?Nn(:�]K^��
<µ=�{_Y�©0Yc\ GRB050401 _"¦9§>��X1\�`=aG#1%�#*X GRB |�};_�~*�V���$�9� ncb>�R(d /�#k�.ekT&F@H*= (Rykoff et al. 2005) {
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· 2.9: GRB041219A n GRB050401 _6U6WD`�a@#"%@#"{�� :GRB041219A _�#.7*¶^� (Ves-

trand et al. 2005) {@�$#�n GRB |$}N_@~I���.�9���I:��4W Y�F1H*=�{�� :GRB050401 _
#97µ¶�� (Rykoff et al. 2005) { GRB |�}*_9~k�C�����$��n `2aN#�%G#>��b>�$X���D�<R H.{

reverse shock ���	��
��U2V�W�X�WDH������	�
reverse shock �$i��cJGL_YcSµn � �*D <NF1Hk= GRB �1X1\ GRB990123 \ GRB021004R�� :9m9= ( · 2.10) { GRB990123 +�X.\ J$L���� 9mag npH_��£�=4H=`�a9#.%9#$:�J$L �
<GS (Akerlof et al. 1999) {��9#&�9i;X GRB |9}G_�~;�4�"���1��n ¥@<GS1��@9� ��
 �":
) F&HN=A{�?4_ GRB X Type II �(i����K<�=@��_�+$m9=�nc��;DE<$\ reverse shock ��iG_
��
?�._��V�I©µD^\ Fireball ©µDE�'I�p<GSD)�*�+;_;,G-;_N¬�
�/6��123�4;X ∼ 300n−1/8

n������A<*S (zhang et al. 2003) { GRB021004 +GX@\"°����������µ�! #"��A<*S�$&%' :�(*) 193 +-,I© D(_VJGL>�4�-. Y�S�_G��e>T&\@U�W `2a#/�0#/N:.¨D!>�(JGL��^<IS
(Uemura et al. 2003) {�]�_6`�=�bGH�X Type I ��i&���^<a=$�6_�132���\4(3) 2000 +-,
�1X t1/2 _65�ik�87�9#:a=;n�oGq"<a=8;&<�=#>N_�?&@	A$£µDc©�� R ª�SC{

2.3 GRB B C D E F G H I J
GRB nc]G_!03/IX1\LK#Mk�2G=N/�Oa_*P�1�Q�R>£;=CH�_�1 z>10 _�%�S	1��UT '�`&V

1-2$= ( · 2.11) {$]$_1S�T"\@[6¥ (1) W�X1�I_NY#Z�_L[]\�\A=`�V31-2$=c{�K�M;��-kT.F^ )_Y�S&W 3 ©�D(_ GRB �N_	`]A�aQ��=�?;n&�c°$±3b;X6c�`�V�1�X R H�{$[�S�d]S�e]fg n(_ GRB _L(3)�h]i>�N[�j>=$?GnV�G�*��\Uk�l&mI_4W&X@�-nk�Noqp�r�nUA]1#s�pc{�t
3 uwvyx{z}|{~w�}� 10 �!�����w�����w�����U���{�����8�N���{���N� � ��� 100 �����y  ��¡�¢¤£y¥§¦

�©¨Nª GRB �¬«�¯®&� ¢�°�± �{���N�§²
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· 2.10: GRB990123 n GRB021004 _&U1W `2a#/&03/@{!� :GRB990123 _�/�iµ¶�� (Ak-

erlof et al. 1999) { Type II ��i�� ���	p�n �?������pp{�� :GRB021004 _N/6i;¶�� (Uemura

et al. 2003) { Type I ��i������ p;n �(����� p({

· 2.11: K�M�_NY#Z (Wilkinson Microwave Anisotropy Probe: WMAP5) { GRB �	��
	p
r�n4���*��\�]Q&l�m�W-A�
�l ^ ) Y��@©1\{K�M������N_����I_����9\{K�M�_����������
_8Y3Z�\G�¤[�j p�rNn{A2`�V�n �(����� ��
�p�{
�.\ (2) kN�6m*_!����iI_!"-�$\ (3) ���#�����*_8Y3ZG_�¢�£1\�A]1*s�p�{ GRB 0-/��4i
/!$�"�: pr�n4���*��\&%&d�'�(#)k�Nd&S�e&f Y���*+��B����*�-,!.�/10LX�2 34�65+0�7
m80�*���9#:;���]i�A�<L0-/�=��>��� p?,;.�@83A�B���+�#C-A�<�5D��E��-�!FG���qp&H

GRB050904 ( d]Sef z=6.3) 0-$ "13I�J< GRB = K�p (2) < (3) 0�L-\�A;MON��!PRQ
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�
2.12: GRB050904 0����-/ :����	��
 (Kawai et al. 2006) H Lyα 0�,;.�@83A��< r�0

GRB A4d�S]e�f z=6.3 ��!F�� ��� ��H r�0�:�������
 =���< SII < SiII < OI �OK�� CII

0�,;.�@	A���� 06d�S]e�f z=6.295 �6T������ �!H
� < GRB  -��
+��M���K-M�L\"!�#%$ 0&��0'�)(+*D� (Kawai et al. 2006) H � 2.12 !-,. p)/�0213�-4657�B��� GRB050904 0-���+869%8�::���;�<
=�?>+@�H+A0�::���;�B
3�;<C�D�E�F

z=6.3 0=G�H+I�J-,!.�/K )LR=�M+N�O�P3�%�D<�QSR+T?U�0�V-WK �X�Y-Z�Z�N�=%[
G]\��!:�!?^��S_a`cb?d!Hfe+g80:h�i <?A?0jQSR+T?U=�lk2m%nR=�o=p-,�@%�?0��]>?@%Aj�
!�q 3%*6Z�H]r�Z�<=A?0�7�s10:T?U�0jQSR?t"� 17%(1σ)∼60%(3σ) �cu=rwv�< z=6.3 0:xy �:,=��=�^2z�{�|~}��2d%Z3Aj��!l�3��}�Z?Hj�?�	=?G�H+I�JlV-W�/10:O�N�O2P3�+� SII <
SiII < OI < CII 02V6W�@�!+��������� <�T]U����+�?U 0:���?�]� 3��-AS�;�c�+�%U 0��%�
C]!��&�#0 1/10 �%�3�j>j@3��� 3-�3Z�H

2007 � 10 � 21 ��=��j��}�Z GRB071021 �%�D<:q+8-�]�3�P8Q��=�2d](6d��?0�0�<f,. @:/�0%1w +����N��? R02¡�¢"/�0?1�£��]8%h]i�3���A-£ GRB ! C%D]E?F z>6.3 �-�
��}�Za��d;¤¥��¦2R7�¨§+©����=�2d&@ (GCN6972 < GCM6980) H-ª+«�< C�D�E�F z>6.3 £
GRB !�q+8-�]�w����< GRB050904 ��¬)�£:®+¯3(-M�°+x y L+±j!?P1Q:��@:£3�	7%²�£�³´ �j>j@&H

2.4 GRB µ ¶ · ¸ ¹
GRB £lº&»�¼+�:9j8&£l�"�3!��]½=�">7v¿¾:ÀK¼�#�Á�r%�?£ GRB £�Â+e'¼+�-Ã]Ä%/20

1a¼ K�@l�6�]829j8"£f�j�"!2¡�Å&Æ�Ç%ÈÉ}S��d�@&H2���]8%/�0�1K£6Ê-�j�&��¾ GRB �j�
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��� !6À���}SZ GRB £����	��
� -¾ GRB ������
���\7����&� (the Gamma ray burst

Coordinate Network: GCN) �a� H�J������a\��¿ ��~}�������¼l465�,K@+A]�������=rj@��� �] '¼:938��&�� -P ¤ ��!�!#"=$ }$�4N�Z=£]�%¾ HETE-2 £	%'&�Ä)(#*,+]�&>3@��
HETE-2 � GRB £:�=������ �-3Ä]��.	/;}�¾�0]£����	��
K ��1�'¼ GCN 2	3�
+,a@]A
��!+�"Å6Z4�KA�£ HETE-2 £45	6�¼�7�v¿¾ GRB  ��=��M+°,��� ®%¯K¼��j�+,a@]A=�S!2�
¦a¼+(%*�Z��+#+Á��+¾18�¼ 2004 �'¼�%'&-Ä9('�¨��Z Swift

�,� ! GRB £6����¾��:7:�
�� KQ;2��<�=�	
"£>3	
� &P&*��2d&@ 6 � Swift

�<� !�?�@É}��2d&@S����AK��¾ BAT(Burst

Alert Telescope) ¾ XRT(X-Ray Telescope) ¾ UVOT(UltraViolet/Optical Telescope) £ 3 BC �j>j@�� Swift
��� � �ED £ 1/6  �F1G?,a@ BAT � GRB  f����}�¾-�'7�0 3 qEH3£>I

�3� GRB £����K fÀ���}�¾�.�/�h+i� GCN 2�3�
+,a@��KJf¬1L=¼6¾#M=3"�#N#O�!#P� Q d]¾ XRT J UVOT  GRB £ DSR 2 R Y2�UTWV3� X XYJ�Z\[�X / ]1G=83£2Ê6�=�_^ Q
d+¾�h�iK �`Ea GCN ¼�b=c�,�@d��À�¼ XRT £;�<�=3	
fe>b\gEhEe BAT £	i=G��kj £�l
100 ma¼�n?�"¾#0j£�I%�Se�oEm<HpJWq�g3¼�M1I%�,h=>]@;��r#s]¾ Swift

�f� e���² 100 �
£>t<�<u�h�¾ GRB £��)vSJ GCN 2"£�b	
Sw QSx ��d�@��y Á�z7Æ)£�Ã%Ä]£-/60�1)e�¾ GRB �j�,w;c~��{a@ GCN w�X�Yl4�@|J	T~}<�j¼ GRB £
�\�|2%�	���'@<7a¤���.����3�	s v¿¾ GRB �"�	�+°)�7��]#Gj8&£�Ê6�"�'w QSx ��dK@���

2.1 £,7�¤�¼6¾�A�£,7�¤Wr|�4��\_j /�0�1Sew���'w��|���+ �Q�¼��ÉÆ��\�����"��d�@��
AS�É���4��\�j /�0�1�£�z�Æ�e>�=���=¼�o 10cm �%��£4��¢ ��Q)¢�£6/�0�1)hj>]@4��¾��
°�]�Gj829]8"£f�=�,e4��q QU� @��

6 ����� X ���;�¡ ¢��£$¤ ¥�¦ INTEGRAL � �;�¡ ¢��£$¤ ¥�¦ AGILE § GRB ¨ª©�«�¬$�® GCN �¯�°	±³²~´�µ·¶
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����� � ��� �
	 [cm] ��«��
MITSuME g′ � R � I (ZJHK) 50 (91) ��� �������������
Kanata V(R) � J � K 150 � �
MAGNUM R � I � J � H � K 200 �����
ISAS Telescope R,J,H,K 130  "!$#
AROMA R 30 % �'&�(
RIMOTS no filter 30 )* &�(

����� � ��� �
	 [cm] ��«��
ROTSE III no filter 45 + ��,�� �.-0/'1�2 �"354�6'7
KAIT V � I � no filter 76 +
TAROT R 25 8 3�9:7<;=�
Faulkes Telescope R 200 + ��,
P60 R � i′ 150 +
Crni Vrh R 60 -=>@?BA 7
REM R � I � Z � J � H 60 C 9
Xinglong V � R � I 80 � 100 DFE
PROMPT B � V � R � I 40 C 9
GROND g′ � r′ � i′ � z′ � J � H � K 220 C 9
Super-LOTIS R 60 +
PAIRTEL J � H � K 130 +
RAPTOR no filter 40 +
MASTER no filter 35 G

�
2.1: ���|s�7�a��+ �£,����\_jIH�JLK<�jÄNM : ����£,���a\_jIH�JLK��POQM : �+ &£9�

��\_jIH5JRK\�LSUTWV�e2¾ GCN ¼�7jÆ$X�Y �¨�"��d[Z0SUT\V w=];}S��d^Z��
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3 MITSuME
� � � � � � �

�	��
�����������
GRB ��������� �"!$#&%�')(�� MITSuME *�+-, � .0/�132��45�6�7 # 89:<;=��?>

3.1 MITSuME @ A B C D
GRB E	F3GIH3G �&J �LK9 �NM #&OIP�H3G �&Q�RTS U-V�W 7 �L�"�<�X�Y��!�# �<� GRBZ"[$\<]_^a`cb�d�e �&fg �X� �"h��Ii-j�k �l>_m�� �ln3o"�&p"q �?r0��sut ��� GRB� v_w #Ix�y{z	|"} h z�� �~h&�I� 2


"� ;�=��<>���3���
GRB

� O�P�E�F"G�H_G �Yf_g # / � GRB
� Q$R-�"�{���X�ah?�

GRB �Y�_9
�<��P n�o-�� �&��s���!# MITSuME *-+3,�� �-��(?�<> MITSuME *�+�, h��-�	��"�$� no�� ����� �I�����$�?� 5 #&%�'������a ¢¡ 50cm

� E<FG3*�+-, �3£�¤�¥$¦§¨�© ¥_ª3«"¬3f~g �a# %"'�u�T�$E�F�G 50cm *$+, h�®�¯° 91cm *-+, �I±"²�³��
105cm *�+3, �I´µT��k ��> �T¶ � ������� 50cm *-+3, ��· Z .a/�1-¸ �a�Y¹aº�(?:
9{�?> g′

�
Rc
�

Ic » �½¼¾� 3 ¿{À�Á<Â�Ã � E�ÄTz �<�~� 50cm *�+$, h ¨_© � 50cm *�+
, ��.Å/Y1-±�²X³�� 105cm *-+3, � Z

�
J
�

H
�

K » �Æ¼ � U »_Ç$�Å� ¨�© 91cm *-+3,
�?È"�É( � E�F"G ^�` ®$¯$°T��Ê�Ë 9 d$e�Ì � H"GX� O�P ^�` f�g �a�?>� �0# /XÍ¾� GRB H"G � G$Î�Ï � #	Ð3�a�lÑ"G �	Ò"Ó � b-d3e f_g~��Ô s ��h?� E-Ä�_k�ÍÕ��20� ^�`

GRB
� Q$R{ÖT×&Ø 5 � � `l^ #��Å� ��h ��ÙÕÚ��<>-m$� ��Û » �½¼Ü�ÝTÞ (L� GRB H�G �-� �"�	��ß�à-�0� �h ^a` � GRB

�<.�.X/�2��	¯�á-â�ã ��ä	å�æ Í
���çsè> � �	é�¬X��� GRB ê-ëì .a/&1 ëìTí_#�î-ï�a�3ð?ñ�ò"óT# /XÍ¾� Lymanα ôõ �

(122nm)
/{Í æuö d-e-÷ � GRB HG � suø<��ô õ �-�u¯-á$â-ã # /{Í d-e � (1+ z)ù �L�Å� h E�F"G�úû0#{ü<� ��h �lý_�É(l�{æ �$�"k � ( þ 3.1) >$ÿ�����# �������-� ä

å æ��I� ¯-á$â-ã �&���_�&*�+-,�#��
	?Ç ¼ »���&��� �_h # /{Í¾����¯-á$â-ã��"k ��æ� # 8"9: � ���~�Y*�+$,a# / �����Tz���G f_g ������a�?>
9�8 �
�I�Y� Z[ �0� ^ ��� ü�� ^a` z<9 GRB � Z�[ h À<Á#���t��	��! � MITSuME
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þ 3.1: MITSuME *�+-, �Yf"g E�Ä�z d-e"Ì >��þ �	¯-á$â-ã z = 6.3
�

GRB050904
�

5�� ����3> � � 5�� ���� �� 0.9µm # Lymanα
� ô õ�� ��� :$9{�I�_! � Ic » �½¼/XÍ ö d$e$÷ �� ÝXÞ �L�Tz�9 ��h #-z~�?>

*<+�, � GRB
� Z"[ � GCN

^�`�� ø��{� hu��2���� �"!$#&% �"#Y*<+�,��('$øI: fg �·*) ��� ( �,+"-/.�0 � 2006) >�m-� � GRB
�21�3 #�ÑG-��� �-�-������� À�4 (�� GRB��5 '�6�7�8 �"9;:�< � GRB H"G �� �	9Æs>=3# � 	�Ç ¼ » ��T�@?a�I�"! � ��AÉ(l�B ÇDC�� #E% ��# �"9 �a� 4 5�6�7 æ · Z �L��:-9{� ( �*+;- .;0 � 2006) > GRB

f�g�F
G ^Å` �

BAT
�H5 ' 3 7 �2I�J�� 3 � K h&L Î �,M 9��"! � E<FG f"g # / �I: GRB

�
5 'T� M 4��0� �h?�	i$j��k ��>m�� X

�~� H�G ��fg ���_� h (u:�æ � .X/?2 50%
�

GRB
� E�F_G-H�G � f�g ���{z-9�> Z~[ (?� GRB

� E�F_G"8 ®�¯3°T� Ý0Þ �u��:$9X�^ æ � ��	�Ç ¼ » ����@?Å�Y= � 6�7 ��k �?>�N"O �Yf_gT��P �0��þ 3.2 #�Q"?Å�?>

3.2 @ A B R S T
��� �$· Z h ¸ �{�l� ��:�9~� � �_� *I+�, ��U�Ò #�8393:$m h !���>u*I+�, � %�V ���W X �~# � ¨_© � 50cm *�+$, h ÀZY<æ � #-z ��:$9{�?>3þ 3.3 # �<�~� *�+$, hÅ¼ Ç 7�([]\ �HQ�?Å�?>�m3��^ 3.1 # *�+$, �,U$Ò �HQ"?Å�?>
*-+3, �  N¡ � 50cm

�~k ��>-F �T� 28 �;K ×28 �"K ��k�ÍÕ� b ü �`_ba G ( ��� ��
3



) �?F � #�c���� �_hl� Þ,d �u> m-� � �;e � GRB
�H���T� � h t F G �H5 '�6 7

(BAT
�"k ��� I�J�� 3 � K )

�	° # k �I� h (�:Tæ � � � zYF ��� ð�#��;e � GRB
�H�
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þ 3.2: MITSuME *�+�,Å# / �?H�G f�g{�]P �3> MITSuME *�+�, �2F G ^ ` � GCN

6"7a� � ø*��� h?� #@% �~# GRB
��f~g � ·]) ����> 2 (�: � GRB �$À`4( �	�9;:< �Y� ���Y*�+$, ! ��	�Ç ¼ » ��X( � ��G f_g ���çsè>

þ 3.3:
�

:
�<� #�%'(l��*�+$,>�� :

��� #Y%'(?� ¼ Ç 7 >
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�������

�3ï�� ©	��
����� �<����� �_�3� n_o�� �~������� �<��f�g ��;� ���
138.4806◦

� ���
35.7866◦

� Î 900 m
�����
��� U�Ø����I�	 �!$R *�+3,
"�# \ ¡ 500 mm
$ ,Æ  ¡ 160 mm
%�&�'�(

3000 mm

 N¡_ß F6
"�# F � ( )�- ) 28 ��Kf�g d$e

400 − 950 nm
* % á,+ $.-0/21 %-ã;%
3�4
��� ��5�Ç� � ¯ |�6
ÿ ��7 %�3 Î 3◦/sec

^ 3.1: 8.9�:<;,=?>A@�B�C -D/ U�E
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�
3.4: 8 9 : ;�= > @ 3 �������	��
������c	� > @����	����:	��� 2 � /����� �!"�$# &% ��')( 3 *�+-,/.$� ( 021�35476 ) � 3 8&9,::*	+-,/. @��;� 3 < / CCD 
��)��:7=

��>$�"�
?A@ =).$��B�CEDFHGI�E�2B�C - ��JLK�( 3◦/sec

/5M K�NO=�DOPOQ;(�SRUTWV5X : GRB

X ?Y;Z NO=�DOP[Q�(�)�E��NO=�\�]^��_5` 2.9 *La (2007 b 8 c 9 d Z:ef ) (��)�E�g 'h	��iHj 2m
Z i5k5l;()�ARUTmJ�K 40 n;( 1 o�p	>I�LBCqD5P5Q�()���q� g 'h Zrts #2u Z7v =;�2B�C	w�x�<[y5z PC :�{�|[}	T�B�C	w Z�~ 9:8&9�CL����� :	�:��>$�E�

3.3
� � �

8 9tC"�)� Z 50cm B2C[w;T:��{"���	��� Z 105cm B2C[w :O� Apogee �	� Alta U6
Z

CCD D 3 <�;�=2,/.�T	�O.�5. Ic T Rc �A3 g (Johnson-Cousins) C g′ �A3 g (SDSS) D� R����^��.�}O���q�;B Z 
�����5T B2C[w��A��=	� > @�� @ ���� �!"�A#7 ^% �7'�(����� : 3   :7*[+�>I�LBCq([T 3 �������	� @E¡£¢ BCqD5P5Q�()��� (
�

3.4) �L¤��LT Alta

U6 � Linux PC C USB ¥	¦L>I�LBCq(�y�z >m}O���q�W§ 3.2 : Alta U6
Z:¨ E @"©	ª �q�

3.4 « ¬ $® ¯ °
8 9 50cm B2C[w ZH± #Au�² '  E³	´ @�� : ©	ª �q��µ�¶ Z:· ;¸Cº¹�»5¼2C"� 3 o�6 Z

ADSL (�½�DL|�}O���q�	¹�»5¼�¾;( ADSL ¿[À�hLÁWÂ	Ã��ÁEÄ^|�}O��� PC � ‘okalin’ (
�)�E��µ�¶[¾�( ADSL D�½;D�|5}[�^� PC �[TLÅ rOÆ h @7Ç�È >$� PC É ‘linmaster’ (�
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CCD Kodac KAF-1001E

Array size 1024 × 1024

Pixel size 24 µm × 24 µm

Imaging area 24.58 mm × 24.58 mm

Linear Full Well 550, 000 e−

Digital resolution 16 bit

Exposure time 20 msec − 183 min

Cooling ���������
	 + �
��Á�{	���� ( ����� −50 ◦C)

PC Interface USB 2.0

§ 3.2: µ�¶^Á��,= >	@ CCD 
��)��T Alat U6
Z�¨ E

�E� g '�h��)Á[� ‘linmaster’
Z�� T CCD

@ y5z>A� PC É ’lincam‘ T�������� @ ��� >A�
PC É ‘wincam’ T2B2C[w @ y�z)>I� PC É ‘kadai’ T5� >m} g 'h	� @��! >I��
��� 3 <�D
�ARUT�Bm.¸�E� 1   ZH± #Au�² '  @ ³	´ >m}O���q� g 'h Z �&Á#" �! 
���HD 1 <��
�q��$�@[T g 'hLÁ&%:¥L>I�('�Â&ÁO�*)�+ PC É ‘dracula’ D ± #Iu�² '  Á7½�D�|�}O���q�

3.5
,.- / 0 1�2 3 4 5 6 7

8:9 �OT��� Z MITSuME B�C	w Z Å rOÆ h$C Z!;
<�=A@�> �@?#A5T 2006 bIÁ�B�C @¡ |�?�Å r	Æ h ( DFE�G�HJI;T 2006) ÁFKML @ONQP T�R:?¤$� � e�f ÉS)J+$Å r[Æ h @ B
CUTV? ( W#XYI�T 2008) � ef�Z Ã ZF[ . @&\ 3.6 Á ©�ª �E�
]�^�_�`ba@c�d�e
8:9 � <�f)Z7e�f C GRB

ef�Z y5z @�g�h ÁiTmT ef�@ ������Á ¡ |O}[�^�E�
GRB D�C�jkT"}	��¤[���#l�� AGN m
n�R#o;¤qp @"e�f T"}	���E�^BE.IÁ	�[T�$!r ef�@"¡ ¢ts�u&@ v r�w 4�x�'&� s r uzyO´ web �';4F{)Á7=�|L>$�E�5>$�;CqT (1)

s�u�Z
M ]�T (2)

s�u C c¸C Z!} a;T�� � e�f�Z�~�� ] @�>�� T e�f rJw 4JxH'Y� @ y[´ >S�"�
� Z �
� @ ‘linmaster’ Á����L>I��CmTH� � 3*�&3�4)3HD!�!�[w @*s�uZ X ?)Y 9L�WT�$Y?� � @W¡ ¢ { ¢ Á CCD

Z y5z @"¡ ��T ~J� ]�Á����b� yO´ , .�? r
w 4�x�'!��Á*�^|5}ef�@ B@��>$���
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\
3.5: µ:¶ Z7± #�u�² '  �m¹)»�¼ Z ‘okalin’ Cmµ:¶ Z ‘linmaster’

Z l[� ADSL3 oW6�(:½
D�|7}���� �7� Z2¢�� 1 oW6^Á��*�L'�� @�� T/}���� � g 'LhO�[Á�� ‘linmaster’ T ‘lincam’ T
‘wincam’ T ‘kadai’

Z
4 < Z PC D)���V� g 'hLÁ&%:¥L>I�('�Â S1 ÁO� ‘dracula’ D���= T

}�)�O�
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\
3.6: GRB

ef �${W� <�fHe�f;Z@[ .
���[6&� GRB
ef���Z@Z Ã ZF[ .
���[6�� <�fZ r�w 4
x:'&� ef���Z@Z Ã Z@[ .Y���	6&� GRB

ef�� C <�f)Z r�w 4
x:'&� ef�� Á;
< >A� [ .
�	��
)6&�� u ! '&� ef Å rOÆ h[( ¡�� .$� Z Ã��
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GRB D�C�jkTO?����$Á	�	T GRB CMj @���� � GCN
@ ¹�»	¼ Z PC É ‘ribots2’ (	�$�� R�T	� Z ��� @ µ�¶ Z ‘linmaster’

Y �S�O� ‘linmaster’ Á GRB
Z �J�;D�
���C"T v rJw

4Fxm'��[yHz#{qD r&w 4Fxm'�� e�f �I� GRB
eLf Á��� P5@ ¡ ¢ �W�qT/}�T �@�5w @ GRBY 9�� ��� @"¡ ¢ { ¢�� � 3���3543�D ~��$@ �$�O�

]�^����ia@c�d�e������! �"���c

GRB
e)f {H|�} �&� T(?�# � " <Jf�e)f�Z # � "7T y5´ , .I��C � Z $
$�)�+�$ PC É

‘dracula’ Á�� ��.A�*�L�$BH(LT � � 3��I3[4�3 Z�~�% Á�{�R'&�} Z # � D�)�+ @W¡�� .
� ( )�+ Z�(�) �+* 3 , ) ��)�+ @�-bP ?�# � �/.105¹�»5¼ Y C p
�2, .T"ÀL' �32)' r Y4�5 @E¡ � .76V��ÀL' �32)' r (�85T QL(Quick Lock) # � Z y5´ T FITS 9 #;:�< Z�=1>
¤ip�? ¡£¢3@BA�C�D ��6V�O¤�� 4�5FEHG ?�À < ��8�IKJMLONQP)Á�R�S s�T1UQV À < �32 <W DBX 6 SMOKA(Subaru Mitaka Kiso Okayama Archive) ÁZY+[ <M\/]�^ E�G 6��
_ `ba ��c�_J`baFc�d�e

� dfe <�g�h!i�j W�k!l A 8�I GRB
hmi ?KnZo�p�qmr�q � l!?�s�t7u�vQ$�wx6F?�A�I

AGN m�n�RJomrip V+y�zJs�uBV|{�}�~	� ?������ < w76 j W	k1l D1X 6 ( W�X��mI 2008) �@�V j W�kBl 8�I��	� V|��� W��1��� <	g u*��o|p�n��+�b� hQi I�� V W��1��� <	g �b�hQi D	���M����� <�� V/��� � i {�Af{�}Z�;��V|��  ?;n��+�b� ��� I @�V 2 ¡�¢ V+£�¤V+¥�¦�DBXQ§;¨�@|V���� u�©�IKª�«!¬ D1�z ?3n�o �Z®�¯ d±°�²m³ C�´Qµ E±G p�q § ( ¶· ©+¸ 4 ¹ )
¨ �b� ����V�º�» I;¼7½	¾ AGN ¿ ¯�À ³QÁ/Â�Ã ��� rZÄ�I hQi Á;n�o �|Å�Æ

u {�}�~�� ¿ X o �+Ç�È u�© º�» Á�É+Ê g D���Ë w §�¨ Ã V �b� ����V+Ì G Á3� ����Í ÁÍ
3.7 u/Î�Ï §;¨

GCN Ð1Ñ web Ò�Ó�Ô	Õ�Ö�×
‘ribots2’ ¿ GRB

z�Ø Á ËÚÙ Ï § GCN Á�Û�Ü ��§BÝ IßÞ|àZu�� V GRB
V/á�â Á+ã Ý;ä|�

web å1Ê � ¿7�æ�QçQu �	 Úè G § (
Í

3.8)
¨ Ã V web å�Ê � u�é�ê èfëZ§�á�â ©	ì (1)GRBV à�í á�â ì (2)GRB

V	î	}�~�� ì (3) ï�ð1ñ � e ^ V web åQÊ ��ò V \K]�ó ì (4)Finding

chart ì�ô X1§�¨ GRB
V/����õ ©�ì�Ã V åQÊ � Á�ö § Ã Ý ô ��� uK÷1ømr á�â Á3ù!p/ú ä§ Ã Ý ¿�ômû §;¨
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Í
3.7: � dbe/Ê g�j W�kml u���Ü § ì {�}Q~�������� ó V
	���¨

3.6
 � � � � �

���
50cm ����������� j � kml u
!Qq1p|��w ¨ ��� 50cm ���"����# � © �%$ hBi ì

GRB
h!i Ý�&('*) ô|nZo�p�q §K¨,+%-/.10xÀ Ê j3254 � �!ä � h!i © ) ��6!ô|n �f¿�ì

� ë7&�8�9�:%; Ù ��<�# � ô�n�� ¨ ��< ; Ù � hQi ô�©
=">?� á�â © @ Ù ëm�A& � �1;
B
ú ôBû�r	q �Qä ìDC · r!Ã Ý ¿ : û�r E5F7u zHG w §5I�JLKM&ON P uRQ�½ Ùæë ìKã � E5F
¿ zBØ����+Ç�È ìTS�U�r5V3W �"X ©"Y(Z�ô%[ §�¨ ��Ã�ô�ì(\"] ^�E5F�ÁT_*`ba�ced �Qä afAg © ��� ���"�,�����,h � i?j Á ��  �Ok l §;¨
m Ê j�n �/o(p m Ê jrq a�©�ìTs $ ��t ' Ár�L�Hu §|�Bä ��ñBÉHv�ÁxwHy �OkLl § (

Í
3.9)
¨ �������R�*z/a & ñmÉ%v+¿�w*y �Tk [ � ìx�L�"���
{�|r}�| �R~%��Á�� ��� ��� ¿. ³�� ����j ô�é�ê è�ë ìR��� Å*� � Å�� Á Ë § Ã Ý ¿1ô!û § (

Í
3.10)

¨ m Ê j � q a
©��L� 45� Ê1¿
w*y èHë?kLl*k ì ��� a���¿"��� �+Ç�È ©Z�b�Bç�a m Ê j ¿*�/� § oZ��a� � k�l�§K¨ ��� ���Hw n Ý�8b9 : aH[ § PC a�©�ìL��� ç�a Linux � ping �5� 4 m Á� � ì ��� ¿r�?� èHëm�+Ç�È a�É+Ê��ZÁ � � u §�¨ Ã ë a�o � ì5� �7��� Ê ó ¿r ?� èHëkLl � l*; ì�� �F� � l PC ¿ 'Hl*; Á $�¡ ��� �1kLl�§�¨A¢ ~/a�ì���� �H£�¤ ®�¯¥� °
²B³ & ��� �1k �§¦ ì ®�¯¥� °�²B³�¿�¨ 4L© ³ �1ª ���+Ç�È a & É+Ê��ZÁ � � u §1	"� a� � k"l §;¨"«*¬ a�ì ��������� Ê � � FITS  �5® Ê ;xÙ CCD �
¯H°*± ²A��³ ´H^ �� � ÅL� ì m Ê j"n ^*��� �b��±L²������7ÁTµA� kLl�§�¨ Ã ë Ù ©�ì ¡*¶ ³�´7ÁA·�¸Bç�a© v ¯ a � web

;xÙ ö § Ã Ý ¿�ô!û § (
Í

3.11)
¨
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080129-060808 http://ribots2:2388/gcn08/01/080129-060808/

1 / 1 2008年02月05日 14:13

top > gcn08 > 01 

GRB 080129-060808

elevation map AKENO OAO ISHIGAKI SUBARU 

MOA SALT KECK GTC HET LBT VLT GEMINI_N GEMINI_S 

NOTICE_DATE 1201586888

UT 08/01/29 06:08:08

JST 08/01/29 15:08:08

NOTICE_TYPE 61

SWIFT BAT GRB POSITION

SN 1

GRB_RA
105.2800 [deg]

7h01m07s

GRB_DEC
-7.8268 [deg]

-7.49'36"

GRB_ERR 3.000 [arcmin]

GRB_TJD
14494 [TJD]

08/01/29

GRB_SOD
22005.46 [sec]

06:06:45

All_Info allInfo.dat

proas data

AKENO proas-AKENO.pdf

OKAYAMA proas-OAO.pdf

ISHIGAKI proas-ISHIGAKI.pdf

SUBARU proas-SUBARU.pdf

NOMAD catalog
ASCII MODE DATA ASCII-NOMAD.dat

All DATA All-NOMAD.dat

2MASS (The Two Micron All Sky Survey) 2MASS image

NASA
GCN HOME GCN HOME

Swift Trigger and Burst Information swift_grbs

DSS gif (30.0 x 30.0 arcmin) DSS fits (30.0 x 30.0 arcmin)

top > gcn08 > 01 

Í
3.8: GCN

á�â
web å1Ê�� ¨ GCN Á3Û � u §mÝ ì��*� GRB � á�â Á�ú�� ��� web å1Ê

��¿7· ¸mç?a �� Mè±ë�§;¨��	� :Elevation Map
¨�
	�

:GRB ��?y � Ä(� á�â�¨�
�� : �
¡�ï1ðBñ ���L© ò � . 4�ó ¨�� :Finding chart

¨
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Í
3.9:

m Ê j"nRq �����!ñBÉHv�� ����¨ � � :
m Ê jRq ñBÉHv ¨ �H� � � Í :

m Ê j"n ��ñ
É%v ¨

Í
3.10: � � ñ!É?v�� web åmÊ � ¨ � ���,��� � },|"� Å�� Á . ³�� ����j ô"� u ¨ Ãë Á�ö § Ã Ý a�ob¦ ì(��� ��¿�����a ÄT�r}b|�ÁL| l*kLl�§
;��	� ôBû|ì�ã � ��� � ÅL�

Á�
� ÙHë §3¨���� � 
�� ©�� ���,� � i Ê ��� ô?[ ¦ ì*�L���/�����7Á Ëx§ Ã Ý ¿�ô
û §;¨
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Average of FWHMs RMS of BG Level

WCS MATCH Outside Temperature / Telescope Temperature

Go back to Archive page
Go back to Monitoring Center

Í
3.11: FITS  �1® Ê%� ¡*¶ ³�´7Á�Á © v ¯ ´ ��� web åQÊ � ¨�� � :‘DET-TMP’(CCD

��± ² )
¨ 
	�

:‘BG-LEVEL’( � � ó*© vB° 4 m À�� � )
¨ � �

:‘FWHM-AVG’( � � �|ï1ð
� PSF FWHM)

¨�
 �
:‘BG-RMS’( � � ó%© v�° 4 m À�� �/� Root Mean Square)

¨��
�

:‘WCSMATCH’(WCS Á�� � a�� û��
	��?a	ì	ñ�� �L© Ý � �1������ ) � 
 � :‘OUT-

TMP’(
m Ê j*n ��± ² )

Ý
‘TEL-TMP’( ���"����±"² ) �
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PSF(Point Spread Function) FWHM (Full Width at Half Maximum)
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(World Coodinates System)
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4 ¨B©	Tl &
( ªF«p¬��® 2006)

m � ] � � ��� ��¯�°�X�±�²³<~> PC ´ ‘dracula’
	F�N� ] 
¯

° �µ�·¶9¸�¹ X»º ¼�[ ]T�p½ >�b�cHd���¾ � Xn§�¿H�nÀ ÁTD�Â ½»Ã $ ]9�^� &jm
1 Ä �F��NXrÅ³< � F¾ � � ��� Dn�Æ� ] &�$ 	�� o
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¦pë íìjî�ï xµðñ

)
%Óòpó�ô �FßtFõ
ö
÷

(GRB)
äFøW�^�ö�÷�ÈhÉrùBúTû � ä�; @ 
eNu�vH	��)å ���ü �j�9� e��r!ý<~> m ã�ã�þ � åÿõ
ö�÷ %�� � d�¤�� X��ÆÙ � � L � ö�÷����
	�G GRB

�� õ � LWM ä����ö�÷ LWM ätã���e��
E m�� 8 ä����hXFÈ����|é�êtä���� �� "! E
� m
#  �
ã ] � ä��"�Wetu�v$�"� x$%�ypz X'&)( Ã�*+ ¢
þ
l�� m s��täWu�v$�"� x$%�ypz
� �^�

1 Ä Þ�, ä��"�We~�tÙ �^� �Fä
X»Å=<-��.�áBÜ\[ ] >hu�v$�"� x$%�ypz þ � �"õ�ö
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4.1:

.�á Ü=[ ] >µuwv���� x�%^yTz ä��
¤»c����nc ü m��
	 ä��� ����� äµuwv����
x$%�ypz þ��t� ]T�^� �-�"� m�� RTS�þ
���he~�tÙ�>���� ü������ D &)( Ã��n] �5.�áBÜ[ ] �tuwv���� x%^yTz D�� 	 ä�� �þTl � m
÷Bø��né ê � �B�Æä ò�ó�ô �FßWe|�æå�>�!�X#"
$ÆäF�B�NX»Å³< � é êNe|�æå|ã �»X L � m
[ � Xr�^�Hä�% � ï xWð ñ éBêNe5&)( Ã�* i
k D�l�� m ÊÌ< � Ô
Õ
ÖpX � �Hu�v�:�; �µ�
GRB

ä�øÆ� ��; @ � GCN &(' ä�) * ´,+ Á � þpetu�vpÖpX|� å|ã)�re.- ��E m ���=[ ]>���� ü D$.�áBÜ\[ ] >hu�v$�"� x$%�ypz X'&)( Ã��n] >0/�ä���¤»c
���»c ü e � 4.1
X

��ß � m
L È ��s ��EHþ9X$�21 ü ¤�c � :9; x %By9z u�v ���Æþ � ã
ãnþ3����e»�NÙ^>\ì~îpï
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x�ð ñ +
ò
ó�ô ��ß ��� ü������ �w; @ ��� ü������ D ��� < ��� � (

�
3.7)
m ÊÌ< � �Æì

î
ï xWð ñ �µ� �^�Hä�% � ï xWð ñ �"ö�÷Tän; @ � þ Dhu�vpÖpX|�t� ] �~Å���ö�÷Tä @ á� Ühe��	�Tdncí< �B� � m

4.2

 � �  ��� � �

#�� ���he~�tÙF>���� ü������ � � �3� äWu�v$�"� x$%�ypz þ��
Z�[ ]T�^� ���rä ���� ö����TV��Hä ��� ü������ e �"!=[wß �^� � m ã ] � � ��� <�>���� ü������ � �3� ä
u�v$�"� x$%�ypz þ$#"%�&We '9>nß
��>�!�� ��� <�>���� ü������ enÊ
ä �(� u�vX�"� x
%^yTz X�&�( Ã�* >�!X� þpl � m
#(� � �Ìe"�NÙB> � � ü �#��� þ)�pZ < � � �"ö*�ÆV���ä.��� ü �#��� en¦ ª X�+-,E
� m

.	/10�24365�7�8:9
:Perl

s��täWu�v$�"� x$%�ypz �<; � ÖpX Perl
þ
���=[ ]T�^� �

( ª
«
¬-=^® 2004

� ªn«
¬ �® 2006)
m

IRAF(The Image Reduction and Analysis Facility) 2 FITS
�$> ��� ä5��tX?��ZE ����� ü������ m ; @ � ìÓî
ï xWð ñ � ò
ó�ô ��ß��"ö�÷tX�@ % ï e � ��� LNM �A 8 L Ú�B9þ���Zí[ ] � m @ ��C
b�ctd�ä����hX ��Zí[ ] �� ED
Ö L ��� ü�� ���þpl � m

SExtractor 3 FITS F*G ä�� � ��� ö�÷Ne HN��E
���2� ü � ��� mEI ½ �W<~>BÊ ]	J�]änö�÷Tä(KFï % � ä xy
g�  �n��L

,
�n��M��

PSF FWHM N�O�P�QSR þ	T��VU N È��W�X H�Y ä0/EZ � �:[V\^]�_ P �-`�a
�)b �*c�d��:[V\^]�_ �)e �$f<\ ghdi��d P�-`kjVl�m �nU

atFunctions o �ip��rq)s-t � N ��u�v P�wyx{z !"dr|~}	�r|���U�� � d�����g��V������ q*��� o���� d)����u�v P w�x�� ZEc�dr|~}	�r|�� Pn� `kjVl�m(�nU

WCSTOOLS 4 FITS F�G d W"X ����}S\�Z~��j?l�� WCS
d�������� Pnw x c	¡Vb*Y<¢�	����g£�V�E�)¤¦¥�§"_�¨�UE©iª"«-|�¬�4¡)|�}	�r|��h�®°¯²±:³�´£µ^�nU

¶:·(¸:¹(º�» ¼¾½ d o:� d�¿"À P Á�Â	zÄÃ � W"X ®Å¯ÇÆ�Y�j z)o:� ¡�È^¥¾ÉiÊ"« Pnw x
z	Ë Z � `�U I-band

q*�
USNO-B1.05 P � `kj?� R-band, g′-band

q*�
NOMAD Ì

5U.S. Naval Observatory, USNO-B1.0 Catalog http://www.usno.navy.mil/
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]-ª"«
6 Pn� `kjVl�m(�nU

4.3 ��� � � ��� ��	 
 � � 
������� P������ a � z-Ë d(�$� g¾�?�	��¡:j?l"�E����� �"!nÊ�¡ W"X d$#�%'&)(�*"+�,� ½ Z wyx ���4g��V�E�-+ ��� j z U�.�-�/�0!~Êi¡���� 1 R j z�2 d e _(]"®1¯'3�}54S¿6+$1 Ã87 T���9-:r®1¯<T z �	«; \

( o�� + <	Ì } )
dS³)= d?>@+�1 Ã YSa5A-B^d^c�¡<qDCi�<U 2 e _^]�d Ì ��Ê gFE

COUNTRaw

�"�$G?B ½ Z��'HJI-dLK x Z�±�³�´�µ�l�m��nU
COUNTRaw = F (OBJ + SKY ) + DARK + BIAS (4.1)

c�c)q:�
OBJ

� o*� ®1¯ d-�-« ; \r� SKY
�':r®1¯�d$M�N(�

BIAS
�PORQ��PS�\ Z/T

U d V(�WS°¥^g �
DARK

��X�Y/Z
(
��_L�

)
d�[�\*�

F
��]�Y_^�d"Q'��S"\idW` � ¬	|�+a j?l"mi�VU^c<d$b

4.1
Z/C*�

COUNTRaw
®Å¯£�

OBJ + SKY
+W1 Ã Y�a z-Ë dPA�B�b�c�J�/�d!~Ê)q-C	�.e

c<d(�$� g¾�?�	��q��$H�I�dPZ�µ(ZPfJg)l�������� �6!VÊ<� W"X d$#�%'&)(�*"+ ��� ½
Z w g�l�m(�.e

1. h }E� < +�i"j
2.
��_L��+ i6j

(
��_D� W�X d$��³@+.kml

)

3.
` � ¬E|�+onJp�a^� (

��|�¥1grq X d$�"³s+.kml
)

4. t)u Q'��S�\id�n�v
5.
q X +W#J%�&L(P*Å�

w
4.2
�Å�8�?���x!VÊ<® ¯y#?%$&m(z*m{"q�d�Z"µD+_|�j z �:ª�_�É-}n_�g q�C��~e/H?I-Z)��L� d'A/BidP�?�6+o� jVl�m0j�e

4.3.1 �����R���R� �
h }�� < ¡~��� CCD

b��->L�^j z Y/�s+�Y �d���6��� AD �/� a°� � �?C z �*���m�dDK x��D� d:qmC	�oe5� c)q:� �J� d � ��c$d'�*u �$h }�� < +W��joi�® �-� µD  � ¯
� m�e

6United States Naval Observatory Flagstaff Station, http://www.nofs.navy.mil/
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4.2:
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4.3: MITSuME ���������
	�� ¯¾µ1��q�Je U������ ¡.V � h � <�� }�Ê ��� ® ¯

� �.e
� � �$��� � h }�� < �����-´����6j! :®�+#"%$ � � z:Ë ��V � h � <�� }�Ê �&� +('�)*,+ ���ce$V � h � <�� }�Ê �&� ¡n��� CCD

��Y��x+_�?>J� *,-�.�/ �)�_Y�� ��0��*��1
�%2&3"+P��µ 	L� Y ��4&5x+76��8 &  ��>5� *,-:9 = 	 C*��e�V � h � <�� }"Ê ��� ��;< E��

FITS = ¥8� � � ‘PEDLEVEL’
�#>��@?�{�µ + ��� � 	 � � � �A��� ‘PEDLEVEL’

�WE6+ h�B � < EDC^¡�> � * � 2 �:E �)�$®Å¯:�?µx+o� * i�� + �i�~eFE �)� ��i��#GD��
IRAF

�
‘imarith’ H È�ÊJIy+ � )�K^�_ew

4.3
�)� � � ��1 � Ki� 2 ��E �J� 	 C��8e�V�� h � <�� }�Ê ��� � [xmin : xmax, ymin :

ymax] = [1 : 50, 1 : 1024] 	 C Ã �8L � ��M�� U&����� � [xmin : xmax, ymin : ymax] =

[51 : 1074, 1 : 1024] 	 C-�.e

4.3.2 NPORQ �R� �
CCD

�����-�J}¾¥P� �L+�SUT +�V �:W�¯ � ��X�Yx� *�+8Z � + � X Y�Z (
� �L�

)
�J�

+ j$�_e h�B � < +�i�� - q�6� - � *�+ �:[x��� �?� �D� ³�="+�1 Ã,7 j�e� �D�(¡��"�
CCD \ ��Y&] ��^A_ � �5K Ãa`8b Ê��J}@c ��d�e ��f/�#g�� + � - Y��

��h�i 	 C-�.e CCD
� `�b Ê��J}#c ��d�er��^�;�j�X�Y"� � j �'Y��D�:g�� + �	�A�E¡
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4.4:

� �L�Wq&�e���� 9 =D� Ì�� Ê � � � ��e
�?C�g + ��� � - Y ����0 j � ���	¡ ���	��
 � � �'eA��� - Ë �����)�i¡ * +�� 2 K �Y ���� � ������K �~e��������)� � � 2�� WO Q$�WS�c��	¡z��� � �~e${ - ^�_ � ���¢&K^� - Ë�� CCD

��� � � �0j�!�"�K^�$#&%��-C-�.eX/Y�ZD� � 2 *7+ ��� �('� � CCD
��Y��@+�) + ��*,+ *7+ ® ¯

CCD \ ��Y/�s+-)+ �J>)�%K){ 	 ��' 	.� �Sµ��/L����'J�<¿ * �1¡106�(¯�� 7
e5� � 	 *c�J���d!�Ê�� ��� � {:1-V�2	¨�3/� � q� � 4�5�°¡76
T CCD

�98�:�� �;� 6
T�/L����' �?� �D�Wq
6+

10 <>=?� )�?�KA@.e�[D�CB�Dx+9E;F5@ - Ë�� �Sµ(G"µ �?� �L��q� � h�B + < + i
� -IH � 	.� �Sµk¯W+W#-%�&L(P*J@_e #J%�&D(P*"�� IRAF

�
’imcombine’ H È�Ê I +LK

) * � #�%'&)(�*5�-��AfLM�E6+W1N@~e ��� ��O-�� � �������)�zq8 � ���(P ��Q�RTSU @~e�� * + Q�RTS U - ���)�zq8"+PV�2�V.3�� � q8;WJXy� * ixj��(Y 	�� V�2�V.3 �
� q8;WJX.���)� ��R?=x+o� * ixj��(Y���Z�[TY � @~e-i��#GD�� � IRAF

�
’imarith’ H\N] Iy+LKA)�KA@_e w

4.4
� � � �L��q� �9�6+-^�*J@.e

4.3.3 _T`ba c,dfehg
CCD

��i(jkNl�m9n�co�;YP�7p(q&� � @�r�s 4.1 t�u @(v H t�� ����i5jNw;x>y7z5{
KJ@ -5| t  � l�m9n&cf�}Y ��i5jNw}x ��~���y��N� -�� Ay%)�? *@+.�5���  	.� 2V�3�m�� � ky��IXL��� U}� ��XL����r��.��� � ��G t  IRAF

�
’imarith’ H \�] I�y$K�>� @�r

7 ���L���L�������¡ £¢,�C¤¥���L¦-§©¨«ª¬7®©¯,°�±²�³¡´�µL¶£·£¸«¹.¤»º ¤»¼©½L¾���¿�À1ÁC¸ÃÂ�³¡�L�
�£��� 60 Ä.Å ª�¬�¯$°,³�¶�¼7��³�´�µ7¶�ÆÃÇCÈ�°�¹
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4.5: � : � Y � � 2�V�3�m�� ��� r�� : � � ��� V
	�m�� ��� t \�� m.y�W(�� ��� r��� ������� \�� m�y�W5�� ��� � u�� r
i&jNw5x � ~>��y7�N�� �������

CCD t���� �! #"%$'& x)( �+*(��,Ny'-/.1032�4 ��(Y t vC�52�6IX U � r�� �  | � � ���7� & x�(A� ��� Y98 �CU � r "  � & x�(A� �� �9� � �(Y � l m�n;: � i�j�w(x,z�{�y3<>=@?;A t � &
B :DCFE tF ��/G�H7IJ4/, �K;L�M t -/.10N>O t�O%P��'Q/R�S ,Ny7z&{ � �9T � ��u�� rU#V ��W � 092�� �
& x�(A� ���7�;� ��� V
	�m�� ���}� �
X;Y R�ZNy9[ � 09 � n;:
&/& x�( � �
� y W � 0N2�� � r U7V �]\#^#_ tF`aBFb I ]
c 8

y'<k�
2�� �  |;� 6 Xd  ` E�C.y ����e 	�m�� ��� Y & x�(�� ���}��f5g t W �.� � �ih ��jFk � rNl � 09��� y ��min7o;pi�;q � � vr= t]s)t yvu�wx03�y(� q#z;{}|5~ yv<�=��)h t v $1���
e 	.m � ����������� d � r � g)� l � 0N �
� y �
��� x ��� � y ��� y]����2 q�z;{|�~)���'��� y�� � �#h t v $ n�: &/& x#(�� ���)�����%� d � r U�V � CCD

��� Xa�
� �

(ADU<1000 � j )
� ��jF���F�/�/���F�  d/� �]� l�mCn
: ������� �r�  }� �5�d 2�0 " =���� � u�� r ���  | i�j�w(x�yLz�{ � �  | t �;� ����e 	�m�� ���}� XD�

� �9h o � j � XD� � � � �;�%� d  & x�(�� �;� y ��� 0L��� d}� � � ��� r�� ���v y3¡�¢ � �  |�� U�V � n�: &�& x)( � ��� y W � 032�� � rn;: &�& x�(�� �����;�)_ tF£�¤ �/¥ � �ih � u�� r � d �;� ����e 	�m�� ��� t.u��¦ � � n�� `�B3b I � c ��§�¨ ?/y tv© � �52�0 " ��2�� �Nª { 4 �3n��5«#¬�����}� ª
8 ®°¯�¿�À.¤+±5²´³¶µ¸·F¹¶º@»$º£®�¼$º9¤»¼¸½¾±/®°¯1¿�À�¤+¿��À³¶µÁ·F¹¶ºÀ»$º�®�ÂÄÃÃº ¤¥¼ Å °
ÂÅ¼ÇÆ¹ÉÈ(§ËÊ1Á�¿1ÀÍÌÍÎ¹
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4.6: � :

�
4.5
� ��� ��� ��� y��;��2��(��� �
� y W � 0N	��: &�& x)( � ����
/mn(�� CFE � ��� � 
 � :

�
4.5
� � � ��� ��� y��(�� ��� y W � 09��;: &�& x�(A� ���
�m�n5��� C�E � ��� h ¬���� � ��� � �&� �
� t ����2�� � 


{7�;��n(�� CFE � ��� �5 & x�(�� ��� t ����2�0 " =��ih$� u�� 
 � ��n(�� CFE �y � �  |�� ¦ � ����� t � ��� y��(���=9� � ��� y q�z�{�|F~ � 
�� ��� y��(� ���� t � IRAF
�

‘objmasks’
H � �! y W �.� � 
�� ��� y��(� � ���7�;� `}&�" : � � �

�
X;Y$#&% :�v $v� 3σ
?/y � XD� � � �

50 ' � �;:)(+* 092�� ��,+- h/092�� � 
9� 02 �
IRAF

�
‘xdimsum’

H � �! /. W � 0 ��� d�0�d � ���2143 092 � ��� . �(���5 �
6�7�8 � .�9�: $ �4; 6�7�8 � �	< 6 < 6)6 5 � .>=)?+@ 09�=9� �5 � . q�z�{)|F~ 2� � 
��: &/&�A (�B ��� 6C h�0N2 � " ��D ��e 	 � BE5 �F1�� ��� . ��G��5 � . � 4.51IH�~ � 
�; 092 ��� ��� . ��G � 1��;� 09��;: &�&�A (JBK5 � h � ��� . ��G���;:
&/&�A (LBE5 � 6�M)NO. � 4.6

14H/~ � 
 � 4.6
6 � 6 5 �O1
��n 6�P � 9 �Ád � ���	�

��� . ��G��� � 6 5 �RQ��;�I; 6 n 64P ��� h ¬J�S� � � &�A (FBUT5 �)� 6 �¾d 2�V
� 
 ¡XW 6+Y 1
�
�[Z 6 � ��� . ��G� &XA (LBE5 �}�F\^]�_�1������ d � 
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4.7: � (  ' � ��: � ��� 6 5 ��
�� V ,)- �/�2Z 6�� j�� 1���	 6 � (  ' � ��:Q�
 $ � � (  ' � ��:iy Q 6 Xa� � B � 1( "  �� 6 w�� )

1 T���2+V � 


4.3.4 ��� ����������� �
CCD

1�� � j���! h 1"�	 6�#%$ ' � ��: �&
 � 
 #%$ ' � ��: 1/�(' �*) ZJG�2 2+�, 
 � 
+; d �;�.-�/)�021*3 ��' � �;:�h �54 E � �568793 ��' � �;: Q:
 � 
 Z d� #;$ ' � �;: � ¡�W 6 7 � Q � $=< ��TXG d�> T � T�V 
�Z 6 � � . \ ]�_�1 <>= 
 T< � � (  ' � �
:�?5@ �A 6%B =ST�C 6 h�0N 


•
-:/��80�1D3 ��' � ��: →

-:/��
30%

?:E 6 ' � ��:

•
4 E � ��6F1D3 ��' � ��: →

7	8 6 4 E ��Xa� � B 6
50 G

#H$ ' � �
: 6�I:JJ. < =¸&K 1���� " � � (  ' � ��: � �R� . �
��1 �ML&N �;

� 
 � (  ' � �;: ��O � h �;� y(P 62Q � .SR%T 1 #;$ ' � �;: �:
 ��' � �;: 6 XD�
� B . U

1 V�" T ��� 6 w"� h/0 �; d ?;A 6 �v  6 T�V ' � �;: 6 XD� � B . U 0 V h/0T 5�W 6 Z h Q�
 � 
�X 4.7
1 � (  ' � ��: ��O � . H/~ � 
#;$ ' � �;: 6YI §Fg�Z;[�A 6\^] Q:
�_ 
�` �2a �cb  ' � �5d ��O � Q�[5e � � Bf

1
1 T��g�V _ �/� . a ; 6ih�j)6 ' � �5d 6 e � � B � � �cb  ' � �5d Q:
�_ �/�f�k k � 6 � / 6 e � � B � .�9�: C _ 
;�l g 9�: Ci� T e � � B . ��b  ' � �5d 6
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�e � � B (
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)
f

0.3 � E 6 ' � �Fd f #�$ '
� �2d Q;
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:
4�� � 52W 6� O B�� A�� 
2e � � B f 828 � y 6 ' � ��d f #H$ '

� �Fd Q�
:_�


' � �5d 1�����19_ 
�Z 6 � � [M-�/ ��A 6YI �&`+Q .����T D������ � B 5FW 1 T V lg���� 
 T�< a � b  ' � �Fd 6iI�J 1�[ IRAF
6

‘fixpix’ � �!  &.#"%$ 1 _'&
��b�(*),+�- d%. O + 6,/1032 Z;[�A 6\^] Q:
�_4&�`�5 a -�/ f 021*3�_ ),+�- d 66378�9 _ T K�: [ a . O +�;=< 8 �%�g�V�T�V - d ����A:b BK5FW 9

8 $�> 19_4&�X
4.8

6 � X : ��A�b BK5FW 6!� O B?� A
� 8 H�@ _4& Z 6 X 6 e�A� B f 0.3 � E�B ),+�- df ��b�(*),+�- d!:�T _4& Z B ��A:b BDCFW!: T V l g a IRAF
B

‘imreplace’ � .  ( 8
"E$ l -�/ f�F 1*3�_ ),+�- dGB e�A� IH 8 1

: a,J�K �1L B�M=NGB e�A� IH 8 0 O l T
C�W

(
C�W

A O 1 _ )
8 /=0 1 _#&H41� + f 6F193�_ )
+P- dQB 6�7R8�9 _ T K3: [ aTS4 +�UV  : $%W _84
� + CFW 8 "E$ 19_4&*X 4.8

B 	HX"[24
� + CFWGB � OXH ��Y ��Z[ _#&]\ B e_^ Y�B�`3a a 41� + C�WQB�b1c�d × 50 = 828 Z [ _ B Z a \ B X B 828
e

A� IH �3e B ),+�- d f,f b�(*),+�- d Z [ _g&1h'i : IRAF
B

’imreplace’ � .  ( 8 "
$ l a 4
� + B 651*3�_ ),+�- dGB e�A� IH 8 1

: a�jEk%l M=NGB e�A� IH 8
0
: l T C

W
(
C�W

B O 1 _ )
8 $�> 1 _#&�\ Knm C�W

A O C2W B
8�o%p _E\ O : B,q g f bR(r)
+

- ds. O + [ J=0 1 _#&�tGu )
+P- d [ CCD
:=v�wQB T K a \ B f bR(g)
+P- ds. O +[Ix / /10 l g lS` � > [ O [�y{z C "{W `�| l f1}1~ Z [ _4& l
��a \ B f b�(*),+�-ds. O + [����_� : /�0 1 _%\ O f�}�~ Z [ _#&

9 �P���������*���'�����D�'�����P���g���r��� CCD � xy �r�� �¡*¢�£
¤r¥�¦¨§�©*ª �?«�¬g*�����®*¯ ��°�±�²   1 ³�´4¤*¥P¦µ³�¶�·�¸ ��¹¨������º
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4.3.5 ���������
f b(*),+�- dGB
	�� ` Z B ;=< 8 �������� B,C�� 8����1637�� Z oEp a |P@ a 1 �
B�C��Q:�� _3\ O : � ] S/N

8 e ! _*&
\ K :�" a WCS
8$# O : U�� H&% 8�'�( l a�J
K) K B�C�� 8 U%� H+*�@  � � Z oEp a |�@ 8 � � & C��QB U%� H :�" IRAF

B
’imshift’

� .  ( 8 "%$ l a `  C��QB o%p a |�@ :�" IRAF
B

’imcombine’ � .  ( 8 $sW _'&l��:a-, . B
/10�: � W g y�243 B-576E:
8:9�;-<�� 8 � �4:�"�=
S/N

8 e>!�?���L
: # >A@CB [ ? & J�K "�=�D 5 =E/ 0AFs:�G$F � :�H B 3�3 ? lJI =�0CKQ:�L * l WNM�OB�P�QR `3a�:-=TS1F UN5>6 Z " �3�WV B�/�0�F$U 8�X � \ O : l q ;WYRD � & J YE;�=Z7[�\ S  �] 8 � q- C�� 8 oEp  `�a!:�" [ ? ,C^ e B 6�7 B CCD

B h Q 637 : \ l
W� _ =

1 � B S+` +�UV  Z "�a�bdc V \ O B 6�e l 3 q- fgf (*),+P-�h B
i�j 8 ck � ? \ O B ZAl =�D �m Y f Hon :A� ? ��p�qCr!8ts�u � ? \ O B ZAl�? &s\ K :A�4b
+ Y fwv-x7y�z  Rn B fWf + ] Y A� ( B x7y�z  8�{ V Y+=t|�}�~ B-� m 3 l C�� B Z
l [ B ? &

4.3.6 �������
\ B�� m HgA���� BN� ~$�C� O Yt;$= ;E< FAU%B ' 0 8 � q� & J B-� � 8�� 4.1

:
� � &

;�< B$�
� � � ;�< F$U` z + C��QB /�0 10 × 3 = 30 � 22 �m Y f H C��QB /=0
20 × 3 = 60 � 3 � 12 �S�` +�U V  O osp a |�@ 20 × 3 = 60 � 1 � 53 �� ;�B ;�< 50 × 3 = 150 � 5 � 27 �

�
4.1:

��� SE` +=U V  � m H*AE�1� B ;�< F U & ;�< B����7" ` z + C��QB /�0 = m
Y f H C��QB /�0 = S�` +=U V  O o%p a |�@ Z [ ? &

\ B����>= '
150 � B1C���: �W YR; � ;EB ;3< 8 � ��D Z : 3�3 ? F U " 5 ���sZ[ q� &!\ BA� Z GN��F�U B 3�3 q ; W ? BC"�= m Y f H C�� /10 Fs:'�X�?.$| +�;=<{Z[ ? &R�����C� 8�� 2�� Y �� =+  ,C.�¡ 6
¢�0CK_B�£ /�¤ Z [ ? S+` +�U�VR¥{O oEp a|�@ 8

5 ���EZ�¦ | m @ m�K ? B Z = GRB
B �$� �C� 8�§�¨ :�©�ªC� ? \ O B }=~ : l

49



? & l
� = \ K m B ;=< 8�� � Z�� q� `�aGB ;=< F�UC"�=����_B	� % :A� ? B Z G�
�:" W� l W$B = J1K Z # 1
F$U

∼2
F$U	� 2�3C3 ?������ B	� l W � B ����� � q� `3a" J�K�� e B�F�U B 3�3 ?	������� � m H����A� �"!$# � ? �C�%������&# �4b ��� F�U

O�' ��( |*)E| �	+�,-# u m � \ O B }1~ Z [ b = � 2��.� �/� D Z % GRB
% � �����

# � W ; # \	% � m H0�E��� "	1 k #�243 l�5 z h # l ?��

4.4
6 7 8 9 :

a�;gY 	< � 3 m
GRB

l4I %   ,�. �s���3�=# ¡ 6�� ? � m?> �w���=����! Y  � GRB"�@ !G�A#�! P � ?  _ =R} yCB ]D# "�E q ; W l W ,C. (
  ,C.

) Z [ ?F��G \ Z =taH;Y I< � 3 m
SExtractor

# �7b ,$. �KJ l 6 Y�} yLB ] O�M N � �/� \ O # � q ;�=>}yCB ]D# "�E q ; W l W ,C. ��ODP 9�6
� QDR � �S��� \�% ��� #�P W ;�"�=�T 4 UEZ	VW �"XCY ?��

4.5 Z [
\^] �C�`_ |HaAb % � 2��%Dc _ #Hd"! Y c � me> �+�A� %�f gh# =Ci�j %	k=l =�mCn

o � \^] j #"p KDq ? � me> ���A�L�Id"! Y c � mCn osr�tHu i�j %	k=lh�Kp KDq$v � #w�x r�y v o %-z rF{L| v � mCn o�t ©C} u i�j k=l�%�~-�C# |���uHy��C� P4� oC��� B� #K� E������4�v � o ���C� � z�%h��� > ���A�D�����% <4� #"��� � u i�j %	k=l rmLn o %�p��h# ��� v	�C  t
0.8 ¡ {�| v�¢p=��% QDR r�t	£�¤�¥��¦{L| vF¢�§	¨ u$©«ªC¬ _$�®4¯�°h±�c <4� {�tHu <4� ¤4�&² ®

>
COUNTReduction

t�£³¤´$µ«¶"·=¸ �0�³� �hv�¢
COUNTReduction = OBJ + SKY (4.2)

zLz ��¹
SKY

¯	º���»�¼ u kAl ��¹K¤ _ ��½ ¾
OBJ

� �s¿�À � ¯�ÁÂ±�ÃÄ v�Å�Æ �
p�� {�| v�¢ z ¤ Å Æ ¯

IRAF
¤

’phot’ Ç"È ®ÊÉË¯�ÌAÍÊ�Fc aperture photometry
{�Î&Ï

�D�hv�¢Ð
4.9
t

aperture photometry
¤�ÑCÒ ¯KÓhÔ q.v cAÕ ¤"Ö�× Ð {�| v�¢

aperture

photometry
r�t�u

aperture Ø ¤��h² ®�Ù (COUNTReduction)
�&¹�u Ø�Ú annulus

{�Û
width¤�Ü�Ý Ø ¤D�$² ®�ÙÞ¯ aperture Ø ¤Hß�àh{�á=â ã �Fc`ä ¤ (SKY )

¯�ºÊ��»L¼ u
OBJ

¤
�&² ®ÊÙåÁ$¯�æ à ä v u�r � µ p=�4ç�è {L| vF¢

IRAF
¤

‘phot’ Ç�È ®�É {�tHuIéCê�¤=ë
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Ð
4.9: aperture photometry

¤KÖA× Ð�¢���� ¤�� ��� ��� oL{L|���u	�C¤�
¤ ���� t��
���A{�| v�¢
� ×h¶³´`� k�l ¤ _ �	½H¾ �Â¹���� ¯����$� �D�hv�¢

OBJ = COUNTReduction − SKY (4.3)

MAG = ZMAG − 2.5 log
10

(OBJ) + 2.5 log
10

(EXPTIME) (4.4)

z4z {Hu
ZMAG[mag]

t���� � u
EXPTIME[sec]

t�� � ¤�� � �   {�| v«¢
EXPTIME¤� `t

FITS !#" ª  ¶ � �0�³�D�hv�¢ �$� � rKt4u%� � � ¤ 1[ADU/sec]
�'& ���$¶�(

) q.v ��r � µ+*A{A|*��u �-,/.%0 ��1 " Ù {A| v�¢z ¤ ���eÙ ² �A� {�tHu
SExtractor

{�� �32 l ��¹ � o ¯54��&� u
PSF

¤
FWHM

¤ f
6  

10
¯�7Õ vF¢ £¶�u98-: ��c�;=< ¤ k=l ¶ ��� � p=�h¯ ÎSµ ¢ � � � ¤ k=l ¤4�&² ®

Ù?>A@ t 2 � u z ¤
FWHM

¤ f 6  �B3Ch¶	D � Ï �H�-v r�E ± u z ¤
FWHM

¯Cä rK¶ p
��FHG�I  � ¯5JÕ �H�-v�¢

aperture
¤� t

FWHM×1.6
u

annulus
¤� t

FWHM×1.75
u

width
¤� ht

FWHM×2.0
r � �4�vF¢ z ¤ p=��F$G%I  �HtHuLK ]%M=N {�Î ,	���4�v

p�� ¤ FOG�I  �`r�P$Q ä ¤ ¯�ÌLÍÊ� � �hv�¢
×

4.4
¶4| v ´hµ^¶	u i j ¤ kDl ¤��A� ¯"æ à ä v ¶It���� � ¯	7³Õ vSR=T � | v0¢ z �

¶4tHu §	¨ mCn o ¯Kp=�?� u mCn oA¤ p=��U3V r����/� � ¤W���
(
���/� � ���

:MAGcat)
10PSF FWHM X�Y[Z]\_^a`+baced�f�gih	j�cak	lnm PSF FWHM oqp	resitvuiw�xiyis�z5{�|nk}gih�x~�� s�������XazS�im���� ~ z+����� � Xi�����Wx}���+z+�a�	X PSF FWHM c�mv�i�a���a^��9{a� PSF

FWHM {��[��p5r5l��q�'���}z5��Xv�ik'� m¢¡�£���x¢¤�¥�¦��¢§a¨�ov©�� ( ª�«v¬i�® (2007 ¯ ) X�° 4.6) �
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��¤���� ¯ Î µ�����¶C´«Ï � 7³Õ ¹ �	�0¢ �K¤�
 è³¯ ( ��D� ��� � ¢ ×
4.4 � ZMAG = 0� ��� �����

MAG = −2.5 log10(OBJ) + 2.5 log10(EXPTIME)
¯���� �3�

MAGinst

�
:���� ��. �%�$� �

ZMAG � £-¤´$µ«¶�� ± ¹ ����¢
ZMAG = MAGcat − MAGinst (4.5)

�³�-� � ��� ¯��! � � �³�]� � � � g′ " ®eÉ 11
�

R " ®ÊÉ ��� NOMAD
�³�-� � ¯�Ì

ÍÊ� �
I " ®ÊÉ ��� USNO-B1.0

¯�ÌLÍe� �D�#��¢
( ���C�$¯ Î µ%$³¶ � �H¥ } ��& Á ¤ �! �'`¯�Í �(�K¢ �O� � ¤�) � � �LK+* M/N�,

��-!. ���0/�1 ¶����/� � ���2�43 1 ¶ �5� ��� ¯�6 � �87 " - 7D® � ¶A´h� ÎhÏ �4�	�� �	
&¶ & Á ¤ �� 9' ��¹ 7Õ:� �H� � ¤0;!<�=:> ¯�6 � ç�èA�@? �F¢ n A ¤ �� 9'¯0���� �
i BDC ¤ �! 8' �*¹ 7`Õ�� �$� � ¯ zeroi

� � �%�A¤�E º&¯
σi

�F� ��¢ ;G<@=�> ¯
6 �IH�J ¤

ZMAG
�$´0K �L¤�E º

ZERR � éAêC¤�× � � ± ¹ ����¢
ZMAG =

∑n
i=1

zeroi/σ
2

i
∑n

i=1
1/σi

2
(4.6)

1

ZERR2
=

n
∑

i=1

1

σ2

i

(4.7)

L@M ¤�N5O ¯0�=� � � $A¶4� K%* M=N ¤��H� � ¤� ���8P ¿ � ? ¹�� Q Õ & Á A ¤ �� 9'¯�J`Õ � ( �8�=� � � �!�"¶ �RQ � �@? �F¢ � � � �0S �5' PUT ¯�V�¼ �9( �8�=� � � µ± �XW Í ¤:Y�Z � ��' ¤:[ ¯FÌCÍ � ¼ � �!� � ? �F¢�ÀA§]\ �L´ \_^:` P �H� � ¯�æ à ä� �!� ��a�b � P �F¢ F Ù � I¾�c � , ��-!. ��� � ? ¹�d Q Õ��� 9'¯�J`Õ ��;!<�=:>¯X6 � �G��¶�´ \ �$� � ¯����$� �D�#��¢

11g′ Xfe�gih�^kjfl�xnm����poS��cim smith et al (2002) �a©��rqts�u g′ = V + 0.54(B − V )− 0.07 x�¤
¥ ~�� s����
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7
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5.1 a b c d e f
Zhg=i � �F@,jlk*��m�nl�,D ��� >o��L	��!�i �qpr�s�tQuv

(2004) w*x&y 6�i �{z| P*} vh~=��z | 6l7(���QAQ!l�Q! ��� >o��L	��!�N=O p*� ! ��� w�� ���
1. SExtractor

���Q� H P �"��! �l+
1 �������=� ���q�lD$`

2.
�&�lD H k �=� � 1h2Q�3(�K��� H P$AQ!*m�n ~ 1�2Q�3 � ^ 5�z | 67����Q�h!m�n � P"1h2Q�3 �$� 7� �m�n ��¡F¢�£ `q�

3.
 �m�n�� ¢�£ z | k�m�n�¤	¥ w P�¦¨§ª©M« ¬$®�¯h<	¬=°	§M±4²,³*´�µ �&¶ ¤* �mn���·l¸ z | k¹ ¡�º �¼»ª½

4.
 �m�n ~ ¾ D z | �

¿=¿ w PlÀ4Á,¤=Â$Ã,ÄQjk ¿ � p 3
ÁªÅ$^ H k�·"¸�¹	¤ Æ C � »Ç w�� ����ÈlÉ=Ê4Ë¦�§,©o«*¬�4®�¯	<�¬�°Q§K±�²�³$´(µ p4Ì ³=�4ÍlÅ p ^"Î z |	ÏÐ � Ð k y PÑA | �_¡  m�n¨� H Ï�Ò�Ó H�� Ð X,ÔoÅ� �m�n4ÕlÖ �q� »q½Ø×=Ù ~ � �M� ¿ ¤»�Ç[�Ú	¤ ¾lÛh~$Ü�v¤ Ý�� � S"´"Þ wQ� �ßP ¿ | ¡ @.Ôàk y Å�á	â4¤�ãlä ~�å	æ � | k��A ¿ w ¤�ãlä ¡Fç�è`&���MP

(1)
�éh¤�ê�ë=¬ìqíFµ ¡ @.ÔîP (2)SExtractor

~ D_ï�`&� ¾ D z | k�éh¤�ðñ ¡^ H k
flag �ò� P=ó �Ñ� Å �=��w p*� Ð � Ò	Ó w �=�=È�¤ ¡ » ô�`q��P (3)SExtractor

Å
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�
5.1:

�h�*D H k ���¡ Ì ³"��Í��Ø� � H P��=ÅÑ·*¸=¹ ¡�� H�� Ð k � (
rFst"u�v

,2004)
�

·¸	¹ ¡ Æ C Å »q½�Å p�� j ÏÐ � Ð ��	�
� ·¸	¹ ��
�� m�n ����
��
USNO-A 2.0Å���Î z |�ÏlÐ � C m�nl�

Xl� ¾ Dl¤��	Å�Pl<���´���µlÍ ¡ @ Ô����Ñ®&³�´ ¡ �Q��`q��P (4)
Ì�� µ > �"! ~$#%� ì

& µ w p"� Ð È$¤ ¡ ¾ D�`&�����o®,³$´ ¡ ; E H PÑA | Å�X(� ¾ D z | k*m�n ¡  �m�n4ÕÖ �ò��' »�`q��P w	� ���¿ ¤(X&Ô � ã"ä ¡ @)( | k U"V ¡ � 5.1
Å�^�`*� ¿ ¤ � ~+* `����ßPFáhâ"¤*��, ¡�- ¶¿ H Ï È�·"¸h¹�¤ Æ C � »lÇ(Å p.� j Ï"Ð � Ð �+/�j Ï r*sQt	ulv (2004)

Å�W)0��FU v
p P

1 � ¤��é � � p ¿ ¤�·�¸(¹ ¡ Æ21ªÅ º �o» ½ ¿ � p4365�7 wh� �*P�� Ð Ô$È ¤ w
� jk �¿ ¤*U�V p P # µ�Þ48=¦�´:9<;>=:?:@�BA¼R�C"D$E

Robotic Optical Transient Search

Experiment(ROTSE) w4F ( |�Ï�Ð �(��G�H � | ��Pl Qm�n ¾ DJI"�K; � L & �ÑÀ2L=`
�QÈ ¤ w�� �F� ROTSE

~
GRB070611 ¡ ¾ D H k����l¤��"é ¡ � 5.2

Å�^=` �2M2�:
 ~
 =mQnlÕ=Ö w	� �ßP ID w*¢�£ z |�Ï"Ð ��� ID=156

~
GRB070611 w�� ��� ¿ ¤ � ��� P

ROTSE
Å*W Ð=Ï ÈFÀ � ¤ �lé �ò� ·l¸�¹ ¡ »Ç�DON ÏlÐ � Ð ¿ � ~ � � ���

P ¿ w P�Z	g"¤_ "m"n ¾ DQI+�R; � L & w p P r�s"t�u�v (2004) wSF ( | k Ü"v ¡�T$UH P4| ¡WV:X zZY �W[ w PS\ H ½¼ �m�nh¤ æ ¡ ¾ D�`q� ¿ � ¡�]�^ � H Ï i Vq¡_F j4k*�
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�
5.2: ROTSE

Å�X��_P
GRB070611

¤���é
(GCN6497)

��� 

:
Lh°F´��´	¬M®QP��.


:
Ì ³

�4Í��KÀ�L H k ��� PSM$��
 :
 lÕ"Ö�P

ID
~�� � |	ÏÐ �Ñ� GRB070611

p M$��
QP
ID156¤�m�n wQ� �Ñ� ROTSE w F ( |	ÏÐ �Ñ �m�n ¾	� I�� ; � L & Å�W Ð�Ï È_Pl·¸	¹ p »

Ç z |hÏlÐ � Ð �
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5.2
� � � � � � � �	� 
 � d � 

¿"¿ w p P�� y Ï i Vq¡WF Ô�� w ¤$ �m�n ¾	� I�� ; ��� &�� ¤ Ù��QP P�| Å�� H��ÑN
O(Å ] Ð=Ï���� �F�

5.2.1 � � !#"%$'&)(
¿ ¤JI4� ; �*� &�� ¤�Ù+� ¡�ç�è `q�F�
•
·l¸�¹�¤ Æ�1 � »4Ç
GRB

¤+\-, �/.10 ¡ �&��� Ð Ô ¿ � p P GRB
¤3254hÅ�W Ð�Ï p�6 Ù �87:9 ¡�; É�P

5-< ?"=6?�¤�=?> ��� È$k � z | �A@ 6h�CB1D ¤ 1
] w�� �F� P ¤"k y P�·l¸h¹ ¡

\�,qÅ º �¼»ª½ ¿ � ¡ ¿ ¤ I4� ; �*� & ¤-EGF=` � �8H�À ] 0 �K`q���
• MITSuME

ì"9GIQ� � ¤�J1K+L
MITSuME

ì49-I��¤$ð4ñ p�M
3
��¤$¦,µ�©T¤+N�O�Plé w�� � MAQ � | k 3 � ¤��4é¤*�l� �ª� GRB

¤CRTS ¡8UCV È�Ñ�*` � (QÉ M8W 	l[+XTY�¤ GRB ¡ =Z>\[Mk�]+KÅ pA^1_T`Ta w p GRB
p�¾	��z | � Ð ¤ wQ� �Ñ� ¿ ÔC[Mk M�`1_T`Ta w ¤ æ GRB

¡ ¾ � [ ÏlÐ � ¿ � ~ `cb$Å Ò £�w �=��d&Ô ��M�_+`Ze ¤ �"� ¡_F H���f:g w	� �×QÙ ~ � ���
•
ÀZO ^ �  �m�n 3l¾ � � ¤*�G�=?>&¥�¤ mlÕ(¤�hGi M

GRB
¤8j:? M ��k�¤�l+i M=�q¶ Å5d�� M

GRB
¤�=?> w Q �|5m �é+n Ï+o

GRB
~�¾	�qpsr ÏÐqt �/uTv ��w Ð�x+P ¤yd,Ô w GRB z ¾	�qpsrÏÐ w�+{ m 1 � ¤C|é~}�� M GRB

3¾	�	� Ò�Ó [ Ï [*��Ô ¿ � ¡�� 0�� r w 0 r� w � w Ð-x
•
A��G���Q²:�?�h°��&µ � ¤8�Z� æ
� N ^ Å�u A����+��²1�:��°/�(µ � ¤3��� æ ¡�F H t d�Ô w f1g o:��t ×=Ù z ��t�x

� �	¤�Ù+�	��� m��~m?� M ¿ ¤JI4� ; �*� & uC�~�
2 � �SGT��[ m f:g(Å ��t�x (1) ��)� M =?>5OC�	��  w t�¡1¢ �C|G£#¤ M/¥+¦ ��t�§:¨�© �3ª ��x (2) « ¥+¦ ��t�§�¨�© �3¬

� [ m |T£q�8 ¢
/ ®1¯ �/° { m |T£q��±+ ¢5² �*³�´¶µ K·��¸ �·t�x5¹ � ¯�º uC�	¤�»� ¦ ¼ o?�Zt�x
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���������
	���
���������������������! �"
#$�&%�')(+*-,
#
.)/�0 ��1 ©yo5�?t!2 �43 �65�7�8�9�:�;�7�< 3>=�?+@�A � wCB u CCD

�
xy D
E ¤FHG �JI�� o?�Zt �LKNM � r 2PO�Q DRETSTU uC|T£WV � ¤8  w t6XTY ¤[Z]\ ��^>_�`]a�2

GRB bdc �A§Z¨:© b�B � � ��� 2 B ��e�f?¤�g ³�h I 2�O)Q D
E�STU�iCc X�Y ¤ �T^j_¹�k U 2�¡+¢ ��lG£ U ¥T¦ �+^*§1¨1© �/¸Rm ^Rk�n U .�/T0 bPo�p ¤!q�rWsLt ^ b[uTU�v^>_
w�x�2
MITSuME b 3 y$i e�z+£N{�° ´}| U 2P~ eRf |P��� U�v�� x�n)� h I ¸)��{° M ^ lG£ bH�
� ¤ v ^>_�k | aR� {>�
��� ^Rk�n U 2 MITSuME

|H�]� {-��Z�¤P�����
kTn����H�+^ | UTv ^�_

�  ]"�#$�&%�'�(�*P�$�������������R�
/ �)� *-�C�&�]�]���]���R���T*& �¡��

k�k U 2j¢�£�2 .]/T0 I O�Q D)E�S�U ¡+¢ | lG£	¤ `�¤ � ^-¥�¦ � � K�M$§ t ^>_$� ���¢
£ | `)¤ b�¨ ¢ UTv ^Jn K�M�§ t ^j_ ®1¯ {�° � x l+£ |�© U 2�§:¨Z© {�¬ ���jxlG£ � B tTª�« |  ¢ � n ³ ´ µ�¬ {-J«�® 2 1 ¯T° ³�µ�¬�| ¨1©���§1¨1© U�v ^Rk�n>�±
² s³t ^j_5¹ | xT´]2 µR¬ {�µ ^�k�n U 2�¢
£ | `)¤ ¤�¶ ^ .�/�0 {-·�¸ ���C^ | U
v ^�_w�x�2�¨]¹RºT�&»$¼ U 2 ®T¯ lG£	¤Hg ³Rh §1¨1© | ¬ � ¤ ¢�£�½]¾¿� hG³ ^ lG£ � v��xdn�� h I 2 µ
¬ b�À �$^ I |R| 1 ¯�° ³GµR¬�| ¨:©���§Z¨:© U�v ^�k�n ¤�Á�Â ¼ bRÃ³ _ µR¬ U ·T¸�� ^
kTn U 2�§�¨:© ¬ � | ½�¾ {!ÄCÅ k�n��]¥]¦Æn Ã ^�_s § ¤ 2 �
Ç�|HÈ�É
Ê ¤jË+« h ®T¯ {�° ³�µ�¬ {&µ ^Rk�n ¤�¶ ¼ 2 �
Ç�È�É�Ì ¤ <PÍ)ÎÏÆÐ}Ñ 3³Ò � v ^ �HÓ��$I³·�¸ U�Ô ^>_ <PÍ)ÎJÏÆÐ}Ñ 3³Ò � v�� xHÕ ¬ 2P~ È�É URb §1¨©T��Ö4×�2 ÉRÈ�É U µ)¬$| ° ³ §�¨�©T� µ�Ø�� ^
k�n[Ù Ã ^�_

5.2.2 ÚÜÛ Ý Þ�ß¿à
§�¨:© ¬ �$á�â�ãåä>æTç | ®+¯ |�è t+{3»R� _
1. ®+¯ {/° ³ x ³ l�é�{ w�n[´ h4ê ; ãëÙN�62Rk | á�âìãåä>æTç |Rí[î n � ^�_$k |l�é Ù b WCS

|�ï Ô&ð�ñ °�Â�t h g ¼ 2 ê>ò 7�ódô[Ï I�°NÂ!t h+³ ^ I | {jõ��� ^�_

2. SExtractor
Ù ¶ ¼ 2 ê ; ãöÙ v ^ l�é ¹ t�÷�t�� § ¨�© {jø � � ^>_�k |�ù 2 õ��� ^
âRú 9 @�A�b SExtractor

|]û â�ü 9 ã | I | {-õT��� ^-_�x ª �j2�ý�þ � ^
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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: ������� �Ná]â ã6äPæ$ç | �	��
��)_ ID: ����� ¹� {���Ë�� ^ ID

2
R.A.:

¹�
| O���2

Dec.:
¹� | O���2

unknown num:
`�¤Æ��x	� î 2

input num: ��� {�� � x	� î 2
probability: unknown num / input num

|	�)¬ {
% U ��� � h�� ^�_ montague

|�� ; ã
U
b 2 ID=1

�
montague

2
ID=2 b bad pixel U�v�� 2 �)¬ b montague

�
100% U�v ^�_

SN2007gk
Ù� � ^�!#"�$�% U
b 2 ? <'& A$@)( ‘DEBLEND MINCONT’

{�*�+ |
1/50 U�v ^ 0.0001

Ù+� h � � x!_

3.
ø �C��x ��� |-,/. 2/021 � § I x § s6t x GRB

| .4365 |�© Ù v ^ I |R| ñ {7 � � ^j_Ük t b 2 GRB
| DRE n SExtractor U ø ���>x98;: | �#� n |9<#=#>�?|	@�A � § ·T¸�� ^j_

4. GRB
| .�3B5DC | ��� ÙE Æ� h�F @ Ñ�G n |IH�J {/� � 2LK t § {/M4N | ��� 2 �

�#� ¹��Ù Z�O
� ^j_

5. v ^ l�é$� §QP¿§ t x �#�#� ¹#¿n62 Ë | l�é�� §QP¿§ t x �#�#� ¹� n |	<�=#>? {�� � 2�K |	@�A � §SR * � h i�c O�Q DRE Ù v ^ �#�4� ¹� {UT)� _#VDW |	XY2Z Ã Z�[ ¦ { 5 \ =�]#^ UTv ^ | U 2 i+c O)Q DRE Ù v ^ � B , � | ·T¸ b 2 ûâ�ü 9 ã U
b ¹� �4�$i`_ |9<#= � 5 \ =�a ÀRU�v�� x�Õ ¬ Ù Ã ^�_

6. i+c O�Q DRE Ù v ^ �#�#� ¹�J��2 ê ; ã Ù v ^ l�é�b hR|c,L.�|	d � | l]é Ù R* � h�� x �T{Ue
m ^�_

7. 2
� a�f�| l]é Ù R * �6x ����� ¹� �)m h Ù Ø �Rh�gBhiR *�� ^ ����� { � �N�6xl�é | � î

/ ��� {�� � x l�é |	j � î�k { ��� � ^j_
k | á�â ã³äjæ�ç�Ù ¶ � �	� s³t ^ @#A { � 5.1

ÙIl � _ �
5.1 b9m�n 1 h

montague
k

Ù g�« ^#o | U�vp� g�@�A�|Iq�r b ý�þ � ^>_
w�x g k | çIsut êwv#x { â ÑUy�z�{Uy ãÙN�>x|o | {�}
5.3
ÙEl �
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}
5.3: �#�#��� �Já�âìãåä>æ�ç | ��� { l¿�>x�â Ñ�y#z;{Iy ã _
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��������� ���
	 ����
(JST) ��� [mag] ������������

1989kb 2007/06/15 15.5 ��������
kalypso 2007/06/15 13.4 ��������
montague 2007/06/15 13.5 ����� �
SN2007gi 2007/08/13 13.4 ����� �
SN2007gk 2007/09/08 18.8 ���

GRB GRB061121 2006/11/22 19.2 ���
GRB GRB070720A 2007/07/21 18.0 ���

�
5.2: �4�4��� ��á�â�ã6ä�æ�ç | !�" �"! ã {U� � x �4� n/K |`@�A$# 7

Ø | �4�&% �! ã {U� �#g K | b(' %9� �RÙ�)�* � ' �,+�#

5.3
- . / 0

�#�4���,1(24365�798;:=< !#"�$�%,>@? � ' l$A # $�%,>CB ��D4E �&F	m4n 1 3
E � gG$H 1

2
E$I�g

GRB2
E�I < g 3 J O g`> 7

E�I %LK +�# K < b(' % H E$INMPO 1 A +"QR�S 1@T D@#VU 5.2
> g@W(X <@Y$Z\[L] >_^"Ba` DbE$I <@c$d M l$A #

5.3.1 egfihkj(lnm oVprqisitau
nVvL<xw\y R F g_E=z${&M�| Y ` '~}�� v�� ?L��� � n6��v=� R�} ���L� M��(� '~� <��� Sb���N��� D,� <=%;K +_#=���~�V� <b�Lv&F4� z�� ���"  > K;¡ D�� �£¢ � � {$¤¥ ¡@<P¦L§V¨\© ª¬«xV®VY=¯$Fx°"± >_² �V³ K � ��� z <µ´�¶ >L·x¸b¹bº } <P¦L§�»_¼ M½ ¸ D �V� E=z${&MbX ¶ `¹ } ¡ · � > ¢(¾=¡9¿xÀVvL<xÁVÂ;�P� z R <@Ã£Ä SbÅ�} D"� >º } <CÆ$¶ >L· ¡�¢ � � { <P¦L§V¨\© S4Ç(È&�PÉ ¡¿P� zL� � ¢�¡ R �_ÀVv;F�Ê(<Ë�$v DÌ R <C¦;§&»P¼ M ¨N¾@� ?��Í� E$z�{�M Y } ¹ } ¡ · � > ¢,¾$¡�¿ Î�À=v ��&�\Ï�Ð <

Î E$I�³ � E$z�{(M Y } ¹ } ¡ · � > ¢�¾�¡ E$I;³ KL¡�¿� < D"� ��Î$ÀVvL<PÑ=Ò,Fx�$v�Ó;Ô�Õ\Ö >P×ÍØ � ¹ }"É4} ¿�Ù~Ú � �ÜÛ 1 ` D �$v M Ó
Ô�Õ\Ö R�Ý£Þ ` �Pß£à ` É4} � < M H E=I\áVâ R A ¡ D"� ��Î$ÀVv;F H E=I~O 1~<�[�] Mã � D;� <Cä=å > Fxæ `9¹ } ¡�¿ç ¢ Ø � ¹ } ¡PÎ"À�v�<bè$é,F A ³ >Ëê~ëì>Ëí$îrØ � ¹£ï6� �Vð&ñ >Nò <xÑ�Ò > KL¡�;MPó"ô ¡ Q R�S£õ~ö ³ K"¡_¿bÎ�À=v M9÷;ø A ¡ DL� > ��Î�À=v$ùNú£ÔËû (Minor Planet

Center � MPC)
Sbü~ý `¹ } ¡_þ$û&Ô_ÿ"û�� 1

M ^�B ` �_Î$ÀVvL<PÑ=Ò M_ó$ôLD ¿ MPC
R

1 �������	��
��������������������� ��!#"%$�!�&�� URL: http://scully.cfa.harvard.edu/ cgi/CheckMP
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ID R.A. Dec. unknown num input num probability

1 235.715366 -11.158725 9 9 100.0

U
5.3: 1989kb <bY�Z£[L]����$¿ 1989kb F 9 �N<4ÙVÚ�� ¹�>��	�$A ¡ H E�IVá$â,³ K ¸D ¿ 1989kb

�£� > � H E�I < á=â F�
 � ¸ D ¿
FxÎ$ÀVv R� vL< ç ¢ > » A ¡�cVd�<����;� ÷"ø <�� �_�N� �xèVé&< í£î � d�� � 1�� Éò M Æ�� >@ï Q É ���µ» ³ KL¡�¿���� E	 �!#" Â (IAU) <%$#&�< � R � �('\2*)$:�ú EI�+ ý ÷Lø�,

(SAO)
S ®�- `9¹ } ¡�¿U

5.2
>�×i` D · � > � W&X <@Y�Z\["] ³ F 1989kb, kalypso, montague < 3 . M ^LB` D ¿ Q < 3

E$I <�/�0,F 13 mag ∼ 15 mag
R�1�2 <43 ��5 > R ¸~¹ F O 1=F76�8 É EI;³ KL¡�¿

9	:�;
1989kb

1989kb
M�< Ú `*= Ù�Ú M ^?> ` �\Y;Z=[&] M ã ¸�= ¿ ^?>6`*= Ù�ÚA@?BDC_û�E�F ú

G û :50811 ∼ ID:50813 � �\�IH\�KJ�L�È 3 M?N4Ù£ÚDO ^P>i` � í 9 ��N4Ù£ÚDO ^P>i`Q= ¿R
5.4
J � 1989kb N�Ñ$ÒSO�T�UWV `X= BAT V*Y ¥ 3 Z	[?N%\D]Cû	^=û`_*a Ð N@��vKObÓ

Ô$Õ4ÖbV Ý~Þ `c= R O × `c= ¿*dVÙ\Ú ³ �fe�g�h á£â V `�¹ 1989kb Vji4k�l�m`n#oX_�pboq Ø � ¹ } ¡�¿
Y=Z4[�]����?N�r*s����tO U 5.3

J ×	u ¿#v�w`N@Ù~Ú�� ¹ ³ Y ¥ Ñ=Ò J�x ¡Qe	g	h áVâ
@ ID:1 N 1989kb N%y ³ x � �7i#kIl�@ áVâ&� �fz	{ Ø � ¹ } ¡9¿	|	} �g� N�~	��O ã ¸¹ } ¡_¿�r7s	�	�DO*� `Q= Ù£Ú&� L �Í� ID:1 N�g�h J%� O � � = Ù£ÚDO R 5.5

J ×�u ¿
9	:�;

kalypso

kalypso O < Ú�� = Ù~ÚtOQ� > ���f~	�%���KO ã ¸�= ¿ ID:50831 ∼ ID:50833
� ³ N 3 M

N4Ù=Ú&� í 9 �KN\ÙVÚAO�� > � = ¿ R 5.6
J ��dLÙVÚ J�L"} ¹ � kalypso NCÑ"ÒSO�T�U�V

� = 3 Z�[bN�\K]�û�^Vû?_�a Ð NË�$v`O@Ó;Ô�Õ\Ö`V Ý£Þ � = R O × � = ¿�d$Ù~Ú ³ ��e	g
h á=â V�� ¹ kalypso V�i�k?lPmtn�o�_#pDo q Ø � ¹ } ¡�¿
~	�%�������?N�r*s����tO�� 5.4

J ×	u ¿#e	g	h áVâ @ ID:1 N kalypso N%y ³ x � � �
N��VÂ`@ 9/9=100%

³ x ¡9¿�i#kIl�@ áVâ&� �fz	{ Ø � ¹ } ¡9¿7~	�b@*|	} �g� N � N ³
x ¡�¿tr7s	�	� J × � = ID:1 N�g�h J%� O �µ� = Ù£ÚDO R 5.7

J ×�u ¿
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R
5.4: 1989kb O � > � = ~����	� ³ � d=Ù\Ú J7LV} ¹ ÓLÔ$ÕbÖbVQN Ý~Þ O ã ¸*= ���\¿�~

����� ³ @ ID:50811 N 3 M ∼ ID:50813 N 3 M�� í 9 �INxÙ4Ú`Oc� > � ¹ } ¡�¿ ��� :1989kb

NPÑ=ÒAO	T7U J � = ����� 3 Z�[bN�\K]�û�^Vû?_�aV¿	� � : Ó;Ô�Õ\Ö`V�
to�(� = g	h~¿��
�

: e�g�h á=â ¿

R
5.5: 1989kb OQ� > � = ~	�%��� ³ N����4���V¿X� 5.3

J × � = ID:1 N�g	h � 1989kb O
� � ³�� ¸#= ¿
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R
5.6: kalypso Oc� > � = ~������ ³ ��dVÙbÚ J�LV} ¹ Ó"ÔVÕbÖbVcN Ý4Þ O ã ¸*= �4�~¿�~

����� ³ @ ID:50831 N 3 M ∼ ID:50833 N 3 M=� í 9 �IN�Ù@Ú`O � > � ¹ } ¡�¿ � � :kalypso

NPÑ=ÒAO	T7U J � = ����� 3 Z�[bN�\K]�û�^Vû?_�aV¿	� � : Ó;Ô�Õ\Ö`V�
to�(� = g	h~¿��
�

: e�g�h á=â ¿

ID R.A. Dec. unknown num input num probability

1 237.335753 -12.598013 9 9 100.0

� 5.4: kalypso N�~��4�P�����=¿ kalypso @ 9 ��NbÙVÚ	� ¹ J �	��u ¡Xe�g�h á=â(³ x ¸
= ¿ kalypso

�£� J ��e�g�h?N á=â @�
 � ¸#= ¿
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R
5.7: kalypso O7� > � = ~I�	�?� ³ N � �����"¿4� 5.4

J × � = ID:1 N#gIh ³ x ¡
kalypso O � � ³ � ¸#= ¿
montague

montague O < Ú � = Ù$Ú O*� > �_��~P���I� O ã ¸#= ¿�� > � = Ù=ÚD@ ID:50790 ∼

ID:50793 � �~��H\� N ID
J�L,È

3 M?NbÙ£ÚDO�� > �� í 12 ��NbÙVÚDOX� > � = ¿ R 5.8
J � �~��H\� NbÙVÚ J ï � ¡ montague N�Ñ$Ò O�T�UWV�� = BAT V7Y ¥ 3 Z�[?N%\t]Cû
^$ûK_*a Ð J�x ¡P�LvKO4Ó(ÔLÕVÖKV Ý$Þ � = R O × � = ¿	dLÙVÚ ³ ��e�gPh á�â V�� ¹
montague V�i�k?lPmtn�o�_#pDo q Ø � ¹ } ¡�¿
~������4���bN	r�s#���?@ u ³ J � � 5.1

J × � = ¿ce�g�h á£â @ � � ID:1 N montague

m x � � � N��$Ât@ 12/12=100%
³ x ¡P¿�� J i�k`l ³ x ¡ ID:2 N G o�� n4_Ëù�a`m��

Â 2/12=16.7%
³ r7s Ø � ¹ } ¡9¿ �~� �~� N�i�kblI@ áVâ(� �fz�{ Ø � ¹\ïi� �c|�} �� e�g�hIm��=Â � Ç ³ r7s Ø � ¹ } ¡�¿Sr�s	�	� J × � = ID:1 � ID:2 N�g�h J%� O �µ�

= Ù£ÚAO R 5.9
J ×�u ¿

5.3.2 �����
	��� �����������
��� e����tV! �"$#�%`@'&)(�* J41 ¡+ ,�Pm.-�/'0 È r u�· " J ¢(¾1&.2;¡ ³ �Pm�e��

3 ¤ 214 =(· " J ¢(¾=¡65�V J6798 u ¡�m�&!:���@.�4��h�m<;>='?µ¡ ÇA@ ç ³ x ¡9¿ � e
� @ ç J @ Ç�È�3CBED ¹ 2

L N1F�G (1
L�H @,&EIcM�J>� JLK �IN�M6N	m6O�PRQTSUP @�VW�XLY�Z,[ OL\E5I�^] �_2�"`S�N�a�& Ia b�V^c�d<4fe_g 2

LhH^i &.j�k6l���NAm�n�N���o
p<q�r�s�tvu e�S.w�a�& II b�x_cvd.4Ee)g ) y>zve.y�&�{<|U})w1F�G�a~S���� pL����� -
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�
5.8: montague ����� ���	��
��� a�&	����� p��  v]��������Ux9w������� "! �	#

$ g ��
	�%� a i ID:50790 w 3 & ∼ ID:50793 w 3 &>&(' 9 )�w���"�*�%� � ], �e_g�+
,

:montague w�-�.���/10 pU�2� &�354 3 6�7 w98;:=<�>�<@?BA�g1C , : ���%����xED�FHG
�*�9I%J g�K , : L IMJN�O g
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�
5.9: montague �=��� �B���
 � � a � r������ L I�J�N%O w�����g�� 5.1

p	� ���
ID:1(montague) x ID:2( 
 F���9?��A ) �=K , a��%! � g
V W p V n u e)g� w ������� L�� i�� �%���%��� p i ������� ] � X �Ag"!<w � L��fS GRB #%$ p L
I�J avz P � L I�J & �('�)+*�, 8.-�w ��
	�%� �� 0/ p i21�3 X I�J avz�e_g54 �5�%�
L�� i �6� w(6�7�8���9�: a V n u e^g;!<w '�)+*�, 8.- i	< X eB�� a�#>= -�. p z�e
L I�J�N�O �%? u w�a � 8�@5A p z�e � L�� x � w�B,�6�"�B6DC �2E e2F	GHF��JI(F � eK�L yvz�e_g GRB � & � u eJ9�M a�S � GRB y�N�O p � �>w � 8 p V n �2� 9�M p��QP
I p GRB x � � �16 C �	E e�F�G(F6w	R�. p S X e�SHTU/ g
�M
��� a(��� u e	V pXWZY �B "! ��� L���w�[]\ i � The Astronomy Section of the

Rochester Academy of Science(ASRAS) 2 F }_^]` � g>!�! p z�eX[�\ i �Da V I�b]cDd
M (The International Astronomical Union (IAU))

p zve%[;\"�%e�f �*� S.w�a ��� L��
w=-M. ��g5h(��i�jk� B�����w2lZm � � � �on�prq%sfp5� ��]�^�`fe�!�x)y �	E e)g
� 5.2

pQ���2�kt / p��vuHw w ��
	�%� a i SN2007gi, SN2007gk w 2
i5j �*�%� �2� g

SN2007gi
i

13.4 mag x�x_]�S�x�e2�6y � �6� woy p V n �2��� L��vavz�e_gz!<w 2
� w

I%J �16�C ��E e�FoGkF�w # $ S q L a�z�e`g SN2007gk
i

18.8 mag xvxo{�|5};~fw &�5�����U�J�U� w � L��>a>z>e)g GRB w W.Y i & �5�����U�X�U� a5 �� � eAw�a � !1w
SN2007gk w ��
	�%� a i�� V6w GRB

& � p 8����5� a�w �%�~p X e_g ASRAS F }��D�
�*���

SN2007gi
�

SN2007gk w	� � � � 5.10
pv�6u g

2 �_���������J�����%������� ��¡�¢£� web � URL:http://www.rochesterastronomy.org/supernova.html
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�
5.10: ASRAS

p����"� � �;�
SN2007gi(

WZY�� i
Koichi Itagaki) x SN2007gk (

W.Y��
i

Tristan Dilapo) w � g�� : SN2007gi
���

: SN2007gk

SN2007gi

SN2007gi �=�.��] �5�%
���� �B ;! � g SN2007gi
i

NGC4036 a V	� � � ��� L��>a
z�e_g1�%� �2� �� i 3 &�xAS � 15 )�w���"� q�
 M(��� � S<w�avz�e_g����� ��� � i
 "!,]��~e)g � 5.11

po�
3 )~w	� � a6w � SN2007gi w=-M. �%/(0 x �*� 3 6M7 w	8":1<

>�<@?BA���w � � p��h� ] ������� x)w5�� � � � � ��u g � ���o� w��� a � SN2007gi

x������vy�� � ��� ]5�~e)g! pD� g′ 
 � � w9� � p i ���	�vy#"�� g
� 5.5

p��
SN2007gi a( @! ����
	�%� w � r�# $ � ��u g5L I�J�N�O i 3 )�w��� p�$% � ]�� � ID:1 w SN2007gi w#&va>z! � g � w�';M i 100% a>z! � g("#)fz! � g′ w

�!��� i+* ]!,�- ����. � e`gD� 5.5 w � r%# $ p z>e ID:1 w I�JUp�/ � �10�� �����
�

5.12
pv�6u g

SN2007gi x�B��v��w � ,#� * 6�2 �Q^�`fe�!�xXF } ��3�4��*� 2
IMJ y965C �	E65 F

� � 5�7 � 5.13
p ^98 u 5 � ,#�+* 6�2Uw�:<; p5� � .����*� 7 (1) x (2) w 2 :<;�=96

2 �2^Z` . & � 7 � 5.14 � p	� ��� (1) w>:?;!=A@ � B���� wCB�w+D�6 p SN2007gi w
D%6 y+E"! . � 5�7(F : � � 5.14

�Epv���*�
(2) w�:G;�=�@�B��v��w�6�2 p1q�H 5JI = �

SN2007gi w � ,#� * 6�2~y>z 5J7 B�����x SN2007gi w�A�7�@ 22 6�7	=�z 5J7 !1w t /
p�� #�K p w�x 5 � wML � w I�J y�8��D@5AA= q	HON z�! . � � 9�M	=�P � !<w '�)+*�,
8Z-9@QL � w IMJ �=6 CR=AS 5 !�x)y+T9� � 7
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�
5.11: SN2007gi ����� �2� 3 & w��� p��h� . ���%��� w�� � �� ! � � 7 ���@ 3 &

x>P ID:57122 ∼ ID:57136 4!=�' 15 )~w9��� � q�
 M���� � � � 7 + , : SN2007gi w=-
.���/10 pU�2� 3 6�7 w98;:=<�>�<@?BA 7 C , : ���%����xED FEG �2��I�J 7 K , : L N�O
IMJ 7

ID R.A. Dec. unknown num input num probability

1 180.348484 +61.892593 3 3 100.0

� 5.5: SN2007gi w �%
����# $ 7 3 )Uw���� p $ % u 5 L I%J�NMO @ SN2007gi w�&A=
z�! � 7 SN2007gi ��� p @��()M) p�$ % u 5 L IMJNMO @��ZF�! � 7

�
5.12: SN2007gi ����� ���9�M
���� =6w 1
	 # $ 7 � 5.5

pv���*�
ID:1 w IMJ =>z 5

SN2007gi �=K , =]��! � 7
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�
5.13: SN2007gi w � ,��+* 6�2Uw�� N : ��T �*� � 7 (1) x (2) w s y�=6w � ,#�+* w

6�2 � � 5.14
p2�6u 7

Pro jec t i on

p h y s i c a l  c o o r d i n a t e s

5 0 0 . 3 6 9

5 2 8 . 6 7 9

5 1 0 . 4 8 8

5 3 7 . 6 0 7

C
o

u
n

ts

1 0 0 0

1 5 0 0

Pro jec t i on

p h y s i c a l  c o o r d i n a t e s

4 7 9 . 9 1 3

5 4 2 . 4 8 9

4 9 0 . 0 7 6

5 3 6 . 7 2 8

5 0 0 . 2 3 9

5 3 0 . 9 6 7

5 1 0 . 4 0 2

5 2 5 . 2 0 7

C
o

u
n

ts

1 0 0 0

2 0 0 0

3 0 0 0

�
5.14: SN2007gi w	� ,+� * 6 2 7 � :(1) :	; =,w SN2007gi w	� ,�� * 6 2 7 !Lw�:�; =

@ ��� } H B,�6� wCDM6 woy p SN2007gi wCDM6�y�E ! . � 5 7 � :(2) :R;#=�w SN2007gi

w � ,��+* 6�2 7 10.8 mag w	B����~w�Bfw���6 p 13.4 mag w SN2007gi D%6 y>z 5�7 B
�6�hx SN2007gi w	A�7�@ 22 6�7A= ��� � p+q	HON z	! . � 5 y 2

� 6DC~w�*<@?#@(6DC�	E . � 5J7
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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 w ��
����# $ 7 6 )Uw	��� p $ % u 5 L I%J N%O y SN2007gk
�

2 )
w9� � p�$ % u 5 L IMJN�O @	
 FU��	?��A�=>z 5J7

SN2007gk

SN2007gk �1�H� ���%
��� p9� � .o��u 7 SN2007gk @ MGC+11-20-027 =�� � ���
��� L���=vz 5 7 �%� �2� ���@ 13 )�w���"� q�
 M(��� � P<wfx 14 )�w���"� q�
 M
��� � P<w 2

i5j y 3 &�� � w�' 6 )�=vz 5 7 q�
 M(��� � ���@�R��� ��� ���� ! .
� 5 7 � 5.15

p��
6 ) w5�	�A=�w � SN2007gk wB- . ��/=0�x � � 3 67�w�8 :�<> < ?�A

� p z 5 � � pC��� .�� �@����~x`w	��� �*� � � �6u 7 � � �D� w9����= � SN2007gk

x������vy�� � ���	. � 5J7
� 5.6

p2�
SN2007gk =B �! �=�
(� � w � r	# $ � �,u 7 L I�J5N�O @ ID:1 w SN2007gk

x ID:2 w2
"F(��(?%�9A�w 2
� =6z(! � 7 'DM	@ ID:1 y 6/6=100%

�
ID:2 y 2/6=33.3% =

z�! � 7 SN2007gk w & � ';M y 1 P��]�>! x�@��	� % N w # $ =�z 5J7 � 5.6 w ��
 #
$�� z 5 ID:1

�
ID:2  IMJ � / � �60�� � � � � 5.16

� �	� 7
3�4 �*�

2
IMJ �6 C � � � . � 5 �Z� � � SN2007gk � � 	B������� ,#�+* 6�2 �� 5J7 �

5.17 @ � � ,#�+* 6�2� � N : � � � . � 5 �*� � =�� 5J7 (1) � (2)  2 :<;
=�6#2��%^]` . & � 7 � 5.18

� � ���2�5� B,�6����	�"��� 0 . � H � (1) :R;#=9@ � 6
2<@ 1

� �*<@?���� � 7!F : ��� 5.18 � � ���2� (2) :R;#=9@ � B��	 �� ,>��* 6#2
JB � SN2007gk k < ?"!#� 5 7 uZw  �M� =(@ �%$ :'&(< � ‘DEBLEND MINCONT’

!+ )�( A *  0.005 =(@ � SN2007gk �_B)�* ,+B6oC � 5 !-�.! �2E H F! � 7 !� $ :
&5<@�#@ ��/�0 < H 5 2

� �*<@?'! 3C4	� 5 9�M � ��0z� �r*<@?�� / S	�r*<@?1��
!32 � 7	4 �9= 2

�I�J +�6DC � 5 F � ���+/65�=-� 5 7 � !C= � !7�58+� )"( A * 
1/50 =-� 5 0.0001

� � 5 !�� = � 2
I�J +�6DC � 5 !��%! ��E�9�7 H':]� B��	 � g h @

R 
 � � = 9 mag
�

SN2007gk  g h @ R 
 � � = 18.8 mag �! 9�7 B��	 ;� SN2007gk

;x 5 � 9��@ : t � 0.0001 =�� 5�7
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�
5.15: SN2007gk ��������	= �	��
 � 9 6 �,��� � ��� .�������� ���8+���� 9

� 7 ���R@ ID:59835 ∼ ID:59847 4(= +�� 
 M���� 9 ����! 3 � � ID:59848 ∼ ID:59861

4!=	 ���8+�� 
 Mk��� 9 ����! 3 � �"! 6 ��=�� 5�7$#�% : SN2007gk '&$( +�)	* �
� 9

3 +-,�".�/�0-1-03254 7�6-% :
������� �87:9<; � 9=�>�7 ?$% : @�A�B =�>�7

�
5.16: SN2007gk + ��
�� 9 ���"���	=#DC 	�E-F 7	G 5.6

�'H � 9
ID:1  =$> =�� 5

SN2007gk � ID:2 IJ9LK8M2DN�48+ ?�% =�O$� 9+7
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�
5.17: SN2007gk  ������� +#2, � N :�+�T � 9 � 7 (1) � (2) ��	��=* ������� 

+�2 + � 5.18
��H � 7

Pro jec t i on

p h y s i c a l  c o o r d i n a t e s

5 5 8 . 0 0 0

6 1 3 . 0 0 0

5 7 8 . 0 0 0

6 1 3 . 0 0 0

5 9 8 . 0 0 0

6 1 3 . 0 0 0

C
o

u
n

ts

3 2 0

3 4 0

Pro jec t i on

p h y s i c a l  c o o r d i n a t e s

5 6 7 . 3 9 9

6 0 7 . 7 5 0

5 7 6 . 4 2 4

6 1 7 . 7 5 0

5 8 5 . 4 4 8

6 2 7 . 7 5 0

5 9 4 . 4 7 3

6 3 7 . 7 5 0

C
o

u
n

ts

4 0 0

5 0 0

�
5.18: SN2007gk  �
����� +!2 7� :(1) :6;�=- SN2007gk  ������� +�2 7�� +:

;9=	@��#�  �D�+G@��
����� H � 7�� :(2) :1;9=  SN2007gk  ������� + � 7 9 mag

��*�  ��B ���+ � 18.8 mag  SN2007gk D�+,! � 5�7��  L"!#+	+�# � 5)9%$ �'&
SExtractor �(	),+ $ /�&�0 � +'+�# �+* �
,.-0/ +���1 ,32�4 �+5�6 � 987
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5.3.3 GRB ����� ���	��
���
������� � � .���������� � 9����! #" , & GRB

�%$ �'&)(+*'���,��- ,/. �10!2)34 ���65 7����� 
 � , ���87 &:9�;  '<#= *?>�@�ACB GRB061121
 #" , 7�D B & ������ �.� .E�#�:F#GE*IHKJ�AML%��ACB GRB070920A(

���
GRB *ON+A �K7'P � ����Q,RS/T�UWV �KB $ & FEG�* GRB

 E"�X B . � (!Y S �1- ���#Z�� 71[�\ 7 6 ] 7 ) */^0�
�E� H�_ 7

GRB061121

GRB061121 �W`)abAcB'd1a��eJ���� �?0)2�3 4 *f^'��� H)_ 7 GRB061121 7 15:22:29(UT)

* & Swift
S ���gAhB GRB

 �" , 7Oi8j��%kEl �  H#JmAhB%d�a�7 &Inmoqp B)d,a � 5r <#=!s $ . o
24 t+�'u#v�w�x�yzB)dOa � 3 {  E" , 7%<#=�| *:}�~'��� �O� �I� X �

�KZ��!B $ & u�v/wzx:y�B/d%a�*%7 l#�!�#�W�����:� � S��q�KX ��� , 7�� 5.19 * & 3 t� dOa�*�^���� & BAT
. o � � �'� ��� * " ,I��� * * A ��� �#� �8� �/�,� �I� X B� � H�_ 7#���:�,�,���f� 7 3 �,�  #" , 7z� p#�)p � dOa  & GRB061121

� lE�K���
�)���1� � S ����� p ��� , 7
G

5.7 * & GRB061121
 � X B 0%2:3 4 � �h� E"F � H%_ 7 @) )¡�A B�7 ID:1

�
GRB061121��$� & ���:¢ w�7 3/3=100%

 K" , 7 �:�  ,¡  �£ $ � & l#�!�K�������:� � S�¤!¥ *
G p ��� , d%a��CH�J¦AeB S &�§ YE¨ �%©�ª 7�&�(�*I��x p ��� , 7$G 5.7

� �?� E�F *" ,
ID:1

�  �¡8*�«��f¬+�B�dOa�� � 5.20 * H!_ 7����)k#l � E-F . o & ���O®/¯8°±�
°±� � FKG � GRB

 8² ��� SO³%´� #" , � � S1µ y�B 7

�
5.19: GRB061121

� d�ag�IHEJ�A & 3 { � d�a  � �E� ��� ���!� �?� X B ��7 d,a
7 3 { � ² ID:30932 ∼ ID:30955

D, ��u#v%w8x1y8B)d,a 7)¶K· : BAT
�)�+�:�!���8�

�z )¸�¹ �'7 3 �,� 7!º,· : � �K� �8�W» �C� ACB/ !¡ 7 ¼!· : ½�¾-B� !¡ 7
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ID R.A. Dec. unknown num input num probability

1 147.2274959 -13.1950466 3 3 100.0

G
5.7: GRB061121

�10�2)3 4 E-F 7
3 t � dOa�*���� _ , ½� !¡%¾-B�7 GRB061121

�
$K #"OX B 7�lE���E�e�)���1� � ���c� ^�dOa  #"OX B S & GRB061121 ����*�7��
	,t
*���� _ , ½! !¡O¾-B�7 V . X B 7

�
5.20: GRB061121 �IHKJ�ACB 0�2)3 4  !� C� E-F 7 G 5.7 * H ACB ID:1

�  �¡  #",
GRB061121 � ¼�·E O X B 7

GRB070720A

GRB070920A
� } �8� * * A � & ������� � � � �K*������f� X B�G � E-F *�^��0�

H!_ 7
GRB070920A 7 04:00:13(UT) * Swift

S � ��� � � . 'B GRB
 ," , 7���� 7 GCN6807

*:Q�R	� p ��� , �+�:�!���8�'�8��� * & I I � K �O$ & GRB
�O³�������� ��� x p ,

 �¡��IL �	AhB 7K� 5.21 * & �����!���8�?� � � �K� * * A �,� �#� �8� ��� �f� X B� � H�_ 7 I I � K � dOa ���! �"$# � DSS
� �/��� �I� X B � � � 5.22 * H�_ 7�D B &

G
5.8 * & I I � K �)$ *'���8� p B� !¡ ��% Q�� H!_ 7� p DO ,��0,2�3 4  7 & ½, ,¡ SK" ,�� � . X ���!B/d%a�* * A � k�l � �h� X ���

B 7 A . A & ��� GRB070920A
��& w & ½! !¡��f����A ��� ,1.(' 5 . � . X ���#Z��

d%a�* * A ���)���h� � & GRB070920A
� �8�,*I>!@¦AeB 7'i
*g² GRB

<K=E n�o p B
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�
5.21: GRB070920

<#=� n�oqp B�dOa�* * A � & ���'�!�,���f� � � ����� � �K� ����%� �C� X B ��7 I I � K�* �/$ ½� O¡�¾�B S �z�z� p �'� , 7 d�az7 3 { � ² ID:60790

∼ ID:60820
D� �:uKv�w�x�y�B�dOa 7/¶!· : GRB070920

����� �����z*�ACB 3 �!� ����'�,�!���f��7!º,·
: � �K� �8�W» �C� ACB/ !¡ 7 ¼!· : ½�¾-B� !¡ 7

�
5.22: GRB070920A

�
I I � K � } ��� *�^	� � & 20 � �	� 21 � �%�!� �+AIB ��7

GRB070920A
� � x p ,  !¡z7 � �h*�
 � A ��� , ³%´�8S#" , 7

} ��� * * A � �1����� � � � �#�hHKJ _ , � �  & GRB �f���+A ��� ,1.��z. �����
��� *����E��- ,�� ���  E¹ , 7

ID R.A. Dec. unknown num input num probability

1 100.9369620 +72.2833071 1 3 33.3

G
5.8: GRB070920

�10!2)3 4 E-F 7
I I � KM* �)$ & ½! �¡%¾-B S L �±� p B 7

75



5.4
� � �

� L+�h� X B �/� � � � � ��0,2�3 4 . o.& ��	 � d%a����KJ¦A & ½, ,¡%�8� �:¢ w����� , � � *�� � &
	��  K")X B § YE¨z�� T *�� � ©+U � S� #¹ ,�� x . X B 7�� p *
��� &%(�Z:½! !¡���� S ��� ,z��� � oqp	&������ ������� � ���%> _ , � � S ��-EB 70,2�3 4 �� "! . o$#&% 0('*) ��+ /�, _ , G#*%7 #�-". 3 t (1

j,� `�a )
� d%a�� ��/� �  ½! !¡ � �����I�10 , � � S � . X B 732bU?� dOa��hH#J�y�4 # 1

j�� `,a  ½
 ,¡%�8� �65,V � ��� o p , � � 7 #�% 0('*)�7)l)k98 ��+ /�, _ , 5�0  3:<; *�= $ *
Z , 7 B">gA �:� & w #f§ YE¨ S3?"@ �  ¼�A�� � * ¹�B A D(C # Z�D . ^ 1 t � d%a  
½, ,¡ S �8���:-�Z . X B & w�*%7 # ½, ,¡ � § YE¨ S �  ¢ w�*%Z X�B A D 5 ³)´ �zS" , 7

6 t (2
j!� `,a )

� dOa  !����� �I� X B & w�*O7 # (EF�*?½! �¡��f���  �¹ , >E 5 7i�* # �/�+�%�GF�HI� ���6IKJ _KJ G�*
L  J ��� 0 oWpKJ(	�� 7 #NMPO �RQ�S *
DCTB # ½# #¡�� SExtractor * � X�B�U �  �¹ Z C<V# z" J � � x p/J 7 W 0�X #K9YJC ��� � _[Z]\ U * GRB
S(^_�/X B & w # � �3`ba > "$#  GRB

S
^/�/X B & w # �
�O®1¯�°±�C°±�  E"OX B & w # Z '  E" J 7 SN2007gk

��& w  7 # �����f� 5 B9c,* ��*d����
‘DEBLEND MINCONT’ �6eTf _/J�gTh Sz"�X B 7!i�*b² #
i o U"�/� ‘DE-

BLEND MINCONT’ ��e<f _1J � � * gRh S L  J ³O´ �b²�" J 7b�������jF]HC� �#�
HKJ __J GE*O7 # �g�kd1��� *3l�m���n 5 gRh S#" J > E 5 7
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6 � � � � � �

� ���
GRB

� %	��
� 7%l%kT8���� #���� � � l��3����� ����� �����! �B�C Z#" X
B 7)��� BRc # i � ��� GRB


�� � Z#" ��� � a%$'& a��)( �#* BkC J,+ ��-�²'. *�B 7/�021 �!�!3�4 -����#�)�6587�9�:<; X #>=�? � PSF FWHM
�'@8ACB<9 * B�( �D� 7#E;8� ��F �HG2I 3 $ @JA8BK9ML #�N'O�P�Q $�R BK9 J �%S,� mUTHV J 7 GRB

� P�Q �6WB #<X�YCZ B\[�] V J BRc 1 � #��,�'3�4 -��,^#�_��:R; 1a` h 9 ��b'c�d,3 ��. J 7 f1 #<e Fgf 3Hh�
�� 7�-�i98��'j�k 1l Lnm�o�� 
���pq\�#rDs ;ut B<c�v �,�'3�4 -��^#�)� q\�#r V t�wSx� g�y ��.�t 7�E_wa� vxz{ �a|%-~} �,�'3�4 -������ h �'��� Vt�wS 1l L v �!�'3�4 -��,^#�J� q\�#r �a��� V t 7_w,�H����� v ��� h ���8�,���DSq	�u����3�4 -'^�����C�H����� 1!��������� t37

6.1 � � � � � ��� � � � � ���� �� H¡�¢8��� �!�!3�4 -�� q\� ^#�_� V � 1 587!; �#� t 7�E���£�¤%� v#�!¥ 2 ¦§ �'¨2© v (1)
 �¡�¢2��ª Y S	|8-�} �H�#3�4 -��!¨u© v (2)

 �¡�¢u�'«2¬!2¬)S	|8-�}�!�!3�4 -��a¨J©��x^ � v E_w "�® |%-~} �!�'3�4 -������ h �K��� V t 7�E¯( � v<° 
� 1!± :�t �!�!3�4 -!^#�8��� v ��� h "�®³²´® ;ut¶µu� �,�'3�4 -,µ´S�( �a· � V t%S� � p ���.�t37zU{ �� H¡�¢J� F�¸�¹ ��º_S¼»)½ ��� S<¾2¿ p,À�Á .�t 7aE_w Á!Â%Ã�ÀÄ!Å!3�4 - q\Æ^#Ç ruÈ 5~É 1 .HÊ * � v'Ë!¥ ��� S<¾2¿³|%-~} Ä,Å'3�4 -H��� h2È ���_Ì,Í2t!Î È ^ �t37�Ï 1 v E À ��� hCÐ z8{ 1 S * � p ����Ñ#�%Î ÈxÒ ÎÓ�t37

6.2 Ô ÕÖ�× �¤ v�Ø�Ù �¤ 1a�����,Ú V 7 Ë Ê v |U-Û} ÄKÅa3�4 - ÀaÜ#Ý�Þ%ß 1a����� p Ú V 7
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6.2.1 ���
��� À  �¡�¢ Á��	� ¢ È�
%Æ V t%wJS 1Jl L��� È 5 É 7 CCD

4�� I È � � t�� ÀÄ'Å�3�4 - À ^#Ç � v w À�� ¢ È���� ¥ � ¥ ® � 9 Ð ®��	� È 5 � v Ä	��� i ��� � 1lL
PSF FWHM

Ð�!#"�$Ds B,9%t � ¢ À�%�&uÈ�' Ó!;�( Z � 7H� 3Jd*) ² 1 � � � v*+, V � AwUS È�-/. 1KÚ V 7
021�354 }\I �76/����À GuI 3 1Ul L =�?UÀ � Ð*8 ; � � Ë É À�È�9 :�t'ÊUÓ v;:=< À>@?�ACB �

10 D S � Ê87
E	FCG	H � ¢ ÀI
�ÆJ�LK�ÆUÁ@M L v7N OCP�Q PC RTS	U s ;ut Ä'Å*V2W -,µ XZY %

:mm [ÈI\#r s^] t�wUS Á ^�Ç È�_ É 7_w ÀUÄ�Å�VCW -!µ � v � ¢ %�&_ÈT` ÌTaJb R�c2d:�t6_¬ ÈIe R )Jf ��� t37�E À ÊUÓ v ÄHÅ#VCW -!µ ÈI\#r´sg] tih5� R � v*j �c I �Ik@lHÐ�Á A�t N L $Ms B V t'ÊÓ v ÄHÅ#V@W -!µ È�m _¬Ln À#o�Æ Î V 7
p�q�r#s@t	u ÂCÃ�À × ] ÁC� v (1)

× ]�v*w ÀUÄ�Å�VCW -!µ l L p
0.1mm

@_A8B Ä�Å�V
W -!µ ÈaÆ � sg] v (2)

Ä�Å�V@W -!µ È × ]/v*w À µ R�x � v (3)
E À*y��Ä�Å�VCW-!µ Ðz$Ds BK9Ut62¬Ln

0.03mm
\�r sg] 9 Ð ®�5� È�_{f Ê87

|C}/3	~ � � À m L ÄC�g� i �5�5� R l L |8- } ÄHÅ#VCW - È�' Ó�t Ð v k#V5���	��Ð� � S
PSF FWHM

ÐL�@$ ST�Ut��@� Ð ��� �{�T� f � � Ë � v�� f Ê Ä�Å�VCW -µ È |C- } Ä�Å�VCW -��g�)taÑ#��� Ð/M t37 �2w Á v*� � À ª�� \#rJÐL��� � A*�È�9�� v�� ª Ð7�5� Î R .�Ð t 11
A

UT(JST
Á

20
A

)
-C� Î ® Ö�× È vIw � Ê+72�

6.1 R�� h R ± � ti�	 J¡/�	�z� À ª	� \#r)ÈT¢2] t37
� ± v kzV	�{��� � � v*� �£R l f � ¤ Î ® À#¥ b ¦ Ð#§¯s�¨ v ¤ � Ðz©CÐ t�ª �Á/M t37)w ¨«� v ¬� ¡@�*®	¯C° ? ± ÈT² � ³C´£µ Á5¶�·¸ ¡ §�¸%ÐL¹�º»� Ê	� Rº ¿L¼i½�¾�ª ��� À�§�¸«�CkzV	�£��� R � ©T¿{� � ½ kzV5�£��� R �����*À � � Ê� È �

6.2 R ¢2] ¼i½
Á�Â2ÃCÄ � ¢ È�
�ÆÆÅ^] Ê y5�  #¡�¢ ÀzÇ È@y R º ¿L¼ � ¢ ÀLÉ�Æ R�Ê�Ë ¶ ¤ � Ð ��Ì�Í -ÏÎ Ä�Å�VCW - Ð*Ð Ó ® ¨ �£�I��¼aÑ Ñ Ò Ð@M ¼i½��{Ó Á*É�Æ%Ð ª5Ô ��Õ Î;ÖÖ�× È vLw	�{¼!Ê�Ó ¶#Ä!Å*V2W - Èi
�Æ �{¼�� R �#¶ � À!Æ5×UÀ 25 D y Î�Ö �	� Èv*w � Êz½ Ë Ê ¶ Ø#Ù5Ú/Ç ÈJÀ � � ¶�Æ2×%À 1

? y Î;Ö �5� È vzw � Ê*½
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�
6.1: � h Á�À�¶ �z� À �	 «¡@����� \ Ì (2007 � 12 � 14 � )

½ ��� (
Ó À A�� �

16:30
	�


)
y/¶ � �Æ� Ø�Ù�ÚJÀ � � ���� R .�Ð ¼�½ UT

Á
11
A

(JST
Á

20
A

)
-@� R �/¼�� ¶

� �»� Ø#Ù	Ú_À �	� \ Ì �I�@� Î R � f�Õ�� � ½

�
6.2:

k�V	�£����À��� �L½��	������� ²£f�� � ��� §�¸ R�Ê�Ë ¶	¥ b ¦�� §;Å^¨�Õ;�
�! ½
|C}#" Í�$ Î&%(' VCW�$ � ���*)�+��-,�.{¼ �0/ �21034�65 ¶ 2007 � 12 � 7 � ( 7 �	¶

071207)
¶

071211
¶

071214
¶

071215
¶

071216
¶

071217
¶

071218
¶&8:9 ¼�½ Í0$ Î;%<'>=

? $ �A@ �B)B+��6,�.«¼ �*/ �<1*3!�C5 ¶ 071216
¶
080101

¶
080102

¶
080103

¶
080107

¶
809 ¼i½�D*E�F �(G�H ÒI�>JLK / ¼ �0/ �21�3M�65 ¶ 080109

¶
080124

809 ¼i½
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�
6.3: PSF FWHM � ¥�� ��� / ¼ �0/��#¶ SExtractor

8��	��
 �� ¤ ½

6.2.2 ���
������� 5�������Ë 8�9 ¼�½ ��� ¶ SExtractor

��� H 
 1 ������� �� "!zÕ�� ¼ � ¤ ��#�	
�¶
PSF FWHM � ¥$� �&%('*){¼�½(+�, �#� ��- ¶���. 7�/��10�243 ��5$6 
�¶ K7*8*9�: % ��; �=< ¼ ���". ��> �?� H 
 ��� � 8�@ (1) �(����ACB 20 DE1F F 5 5�6 @

(2)1000 <
$ ?�G ��H ��� +�, � ?	I�J Î [ADU]< 40000 � �".=@ (3)1.5 < PSF FWHM

[ D$E1F F ] < 6.0 � �K.K@ ��L*M �?N �O
>��". ��> ��� H )QP�R�SUT�V @&WCX � ��� 8� H ÅZY P �". 5�[ 6.3 �$� Ë 809 P\R"]�^ 
 � E�=C_ � %�`badc	` J(e � 5
y =

√

a(x − F 2

best + b2) (6.1)

��� H )fP�R a 5$gOh"i�j ��kml R Fbest 5$nKg %('�= ? $�o R b 5$n4p�qsr���� PSF

FWHM( tKuKv�� Ò�Ñxw�y�= GUJ�e � 9*z{L�#| � )
8�9 P&R [ 6.4

� %�`}a�c#` J�e �
~ !�� [ ��� { P\R
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[ 6.4: � $�� %�'�= ? $ � %*` a}cC` J�e �*[ R�� :3 ��� w � %*` a � R	� :3 � �
� $��
%�'(= ? $ ����k R I  J�� ��� $�� %�'(= ? $ 5 R  J�� @ g′  J�� ��� $�� %�'(= ?
$ w � Y���� P?R W��4@

3 ��� CCD ����� ���UT�P�� �0� 9 P?R

6.2.3 !�" #%$'&�(*)+"-,+.0/
� $�� % ' = ? $ �
1�2�5 @&. ����3	4 � 1 D�E�F F �65 � P � 8 �87:9L� � Y�; K�<= K Y P?R [ 6.5

��>�? [ @ � { P?RBADCFE CCD
E DE1F F G G H 5 24µm

809 P?RJI
E
K�L @NMPOBQ R

F6
8�9 P:E 8(@%S 3 E � Y�; @ df

w ) Y V
df ∼ 300µm

8�9 P�R S 3E � Y ; w 7%9 E�T�U ; � 5(7BV E ��k ?�R09 P?R
m =

F

F1

= 3

dS =
df

(m2 + 1)
=

300µm

32 + 1
= 30µm (6.2)

W�W 8(@
dS 5%7:9 EXT�U ;�@ m 5%7:9�Y�Z\[ @ F 5 L\] S 3	^\_ @ F1 5%`:9 S 3	^\_8�9 R�%('�K�< @ ��a �Pb:c = ? a E 1�2�5 dS ∼ ±15µm

8�9 P W w R 9 KmP�R�I W 8(@
W Y @���a �Pb:c = ? a E
d\eFf B w )�P�RDg�h @ [ 6.4 @
i P:j'k @ dS ∼ ±50µm l 8
5 PSF FWHM

�
m 4 5�n w�o�p i < Y irq R

6.3 s t u v w x y{z | }+~ � � � | v � �
nF� �$@ �Ja ��brc = ? a w��r� 9 �\2 w�E
� �B@ JLK �KP?R
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[ 6.5: ��a �Pb�c = ? a E 1�2 @ ' � )�P�gB�rE > ? [ R 1 D�E�F F � 24µm
8�9 P�R��

� w�� � � @�. � E�� 4 R 1 D�E�F F 7
	 �65 l P������ E
f B R�� � w�� � E�� 3 E;
df=300µm

R dFe�� Y P S 3 E � YB;0809 P?R

6.3.1 ���
�8� 9 E �	2 R%m 4 )�P W w���� k @ S 3�� � E�� j R ���fw i P�R �	2 m 4 � n |��� R! P:E � @ `:9 w 7:9 E#"%$ @'& �"P a%(*)�+*, E�-/.  P�R W E�- R�021*3 )�P Ww���� k @�b�c )24Fa oJR%m 4 )�P W w�� i P�R 7:9 � @5076
8 . `:9 w 7:9 E#"%$ R�9R P:E @ � j )�P5:<;�=\U
>�)\��� R? P�E*. @ �8� 9 E �	2 RA@AB�C g�K�L � 7:9 E m

4 :<; �ED%F :<; @ 7 l k b:c )24Fa o E j :<;�= m 4 )�P W w�� i P�R [ 6.6
� W Y @G <�H P >�? [ .  P\R <AI E	�	� 9 . � @ W E�J 9 E t2K :L;FE�MN� ��O 1300mm

.
 P?R2PDE 6Q8 kKl � 11.8 × 10−6[1/K]

.  P%E#. @%R ���\2  g k�E 7%9 E m 4
S �

11.8 × 10−6[1/K] × 1300[mm] = 0.0153[mm/K] (6.3)

w i P ��T .  P�R\I W . @ � C i��	2 �EU/V�P ��a �Pb�c )24Fa @�W � �(@Xm 4�S R�06Q8 ��XZY � q P W w @\[7] H P?R

6.3.2 ^`_
�r� 9 E �\2 w C �*@ FITS a acb ) E TEL-TMP( 9 - E �\2 @cd H )

E o @'e!f C �
q<g\h?ir22j2k R�l
m �onqp q �srut�v7w/.�x7y @ ~ Yrg h I sz � E �Ja � b%c )?4�a
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�
6.6: �Da ��b:c )?4�a E ��27j2k @ G�� H g > ?�� h � : �\2 R i�� p g KFL E 7:9 ET�U*:<; h 076
8 ��� k 7:9 R��	��
 >�< _ n g E*.*t 7:9N@ �	��
 @��� V g :<;�=\U> ��p�V�n��7pN<cp q�h � : �\2 R�� � p g KFLDE 7%9 E
T�U#:Z; h 0�5#3 �Q� k 7%9 R

����
 � ����� E7.#t 7%9�@ ����
 @ ����V g :Z;E=FUQ> H �B� R� g\h
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�
R �sz�� t g′ �sz���� T n�� q<g g���t��
	 ���� @�� Y�� q p q�h������� @ � 6.7

��� H h R �Lz�� t g′ �Zz������ t ��� R�@�B*H g ���An�� a! bXc )
4�a R�"�# �on g :Z;2� m�$ C � q<g\h�%'&( � y = ax + b

. b*),+  C g �-�Z� d 6.1E�.0/o.  g\h R �sz�� t g′ ��z����1� t�2 $ S ��3 6.3
. W ��4 0?1#3 �*5�6 H g 2 $

S7�98;: r�< %'= H g (g′
.�> ��-?Q��@-@ �BAC�*D*��D g�E ) h

a b

R �sz�� 0.0157 ± 0.0015 18.302 ± 0.002

g′ �sz�� 0.0150 ± 0.0016 18.491 ± 0.002

d 6.1:
�
F  HG�IA)?4 F � �r�'J;> �'� >
�;K h

6.4
L M N O P Q R Q SUT V WYX Z [ \ V O ] ^

&�_ t @�` >a�bF  cG�Ic)*4 F �ed�f J�g �7� >�h
K-i e7f C tHj
k�l�k � �bF  cG�Iamn F�>�h;Kiao*p g\h

6.4.1 qsr
d�f Jt>�jtk�ltk E v2wu>�v�w � �bx >�v*wzyb{*t d�f J}|z>1~-�u>-�*��/�l E�� p
g5h��u_ t9��JBia�t� g��-�'�1� {�~���2 $ _b�9� ��� ��G�I�m n F9�z>�2 $ _����-� g
��� �zA n g5h1d1f J E v#w;i�k�D���D�4�v'w�y�{At��z�Ap�~�� E �'� � 4 �-�'�1� {9�� t���J;{ �	��
 _ � ��� h�� n;i��*� � g 4��t G�I�m n Fbi��-luk9|��}�t �p*¡cn �p¢A�p�D�£*¤ _�d�f J E �bx i'k�D�-D4�v*w _ { �*�*���Y_ ���u¥�~-� E�¦�� p
¥1>y*t �-�'�1� >�� � {a§b¨© �n�t9��J;{ �	��
 �¢Aeª'«¬¥�£ � «;i��*� � ¥�4�� G�I�mn Fbi���luk _ �}�t �®*¡a« �'®¬A�®1D�£ � 6.8 _�� >a¯ 3 � i�°'±B¥�£�²'³-´�ª 1

i
ZD

��� «	��'��J ��� «ti��B��¥ ���-���¢_ �-�
¥�~��u{ cos(ZD) _�µ�¶¸· �12 $ � ¥�>y-�¹zº�®�» � ¼ l � y1�zF  eG1I�m n F
i9½u� � >12 $�¾ E cos(ZD) _�µ-¶s· �'D;¥¿ � i�Àu�b�¥�£

1 ÁÃÂCÄ�ÅaÆ 90 Ç - ÈeÇ�ÉËÊ�ÌÎÍ�ÏÑÐ
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�
6.7:

�zF  HG�I�m n F�� d�f J;>�g � > huK�£�� :R ���	� £�
 :g′ ���	� £��������
� � > ? �zy�����«�4����u{�9�zF  HG1I�m n F�>���������£
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�zF  HG�I�m n F�>�» ����� i���� � ¥�¯ 3 � £�� � : d�f J E ²-³ti�k�D*4�v-w>1��Ju>
	���luk�£���JBia�t�-¥ �-�'�1�B_ �'��¥�~�� E�� �}¥�>�y� �-�'�1�uE �� ¿
� _b� /H��J;{
����� _
����� £ � «;i��*� � ¥�4�����JBi������u�¢A f�� ¡�¥�luk9|
	*�  C±u®¡�«���®BA�®�D1£�� �

: d�f J E�� x i�k�D*4�v-wz>���J;>�	*�-l;k £;��J©i�t�-¥ �-�'�1�B_ �'��¥�~�� E�¦ �}¥�>�y� �-�'�1� >�� � E! "� ®b¥ ¿ � _b� /���J;{
�����u�¢A f�� ��¥�£ � «;i��*� � ¥�4��a��JBi������b| ��# ¡�¥�luk9|�	��7 �±B¥%$
& E(' ¥�£
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�
6.9: R ���	�H_�� ¡*¥���zF�� G1I�m n F�� d�f J;>�j;k ltk�>9h;K9£�� : � 	� : 
 �
: � �-¹ : � £ �� ��	� ��� > ? �
y�����«}4 ���z{����F�� G�I�m n F->����� �9£

6.4.2 ���
²-³*´'ª � ·�� FITS �����1m > ZD

>9�Bi�� � ·  ¿ «ti�!#" _�$ ¥�£�%&" _ {��g' ���}E)( *  Ã«
®1D �,+  � `.- g ' ��� - huK*i��&� · g '0/21 i�h�3 ·546+ ��y -708 i $ ¥�£-® �  � 6.7
-

g′ � � � {��� ���:9 - �;9=<z�	>1�z�)? - y�A@CB�{ R �
�	� -�DFEG- � i ` � £H0I DJE i �

6.9 _LK�� £ � �M9�{1�g ' � � - hGN��M9 -�7F8 �e²�³�´�ª _ cos
i $*�

4PO - _�µ'¶ - NRQ;> ' ¥ �M+�_	S ¥ ¿ ��>(��T¢¥�£ · � ·  �U�&�0
 - l � �=�GVW�X)Y m n V _ hZN'{  ? � � �G9e«¬¥�£��CV�� X)Y m n V�>2[2\ _ » ' _ - � ����·5� ?¥ ¿ �L>	]��
¥�£&^F_&` �
y = c(1 − x)

y X&a ��b a �Jc;·�4 DFE i�d 6.2 _ ` � £

c

R ���	� 0.383 ± 0.025

d
6.2:

�.V�� X�Y m n V�� d�f�e - j;k9l;k - hPN�£
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UT

R−band (2008/01/09)

�
6.10: ��� - �CV�� X Y m n V�� �� � � - 708 £ ��� -�� �
y�����« 4 ���z{� �CV� X�Y m n V - ��������£

6.5 � � � � 	 
 �
�� ·�4 ����G> � �����
���
����À;�b�¥�£
�� � - X)Y m n V9�u{����� e - e���� ' �:9�� 9e« 4 X)Y m n V9����a» ' ��� ]-� X"! � � >$#&%�¥('
y�);�Z9� � «z{+* 
 -+, ��®�¥�£

Foc = a · TEL − TMP + b + c · 1 − cos(ZD) (6.4)

¿-¿ y-
Foc

{ ���� - X�Y m n V��zy ' ¥�£À�-l�. -0/ <21� ·��  /43U-65 �87�9 - ²��:�  �<; �8= H ·  � ¿ y - �GVW�X�Y?>�@ V�� ½u������ X�Y?>�@ V � - 7&8 ��A�B¬¥�£<= HDCFE
2008 G 1 H 9

CJI '¥�£�= H�KML�E
13:32∼20:17 UT (22:32 ∼ 5:17 JST)

 � '&/ 1 E 2.5 K
I 'ON �²-³QP9e²'³-´�ª

45◦
� I<I�H&I � � �	4 £ � - D�E � � 6.10

�8R � £ � >QS - 708 E ���� �-
±15µm

�"*�� I ]�T ·�� �2N  � - ��� E �����QP 9 ±30µm U ' I ' ¥�£_Q���VWV�X�Y >[Z ��\�¥�]e��= H PM9^��9H« 4�_?` � � 6.11
��°�±¬¥bac= HdCJE

2008

G 1 H 31
CcI ' ¥eaf= HgK"LhE 9:37∼19:58 UT (18:37 ∼ 4:58 JST)

 � '0/21 E 4.7 K
I

':N  V<V�X<Y >iZ E ²'³�P:9e²'³-´�ª 46◦
� I - �����b= H ·54 a?� 9e« 4+_�` �Mju¥
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V<V�XWY >iZ �g\�¥ ] � = H P:9�� 9e« 4+_�` a _�` E�� «��1«��	��
� -����� � N �� -	� ?���� � Ks·L� ?��8a _<` � E���� ` K - ��� e - � ' (
���

)
� �!"

#
(

$�

)
�R�&% I R(' � ?)�(a+* - _W` O X2Y?>�@ V�A�,Z>i\ � �.- � ?)�(a

/ � - � ` >1032U? I ' N � X�Y�>�@ V�A�,P>i\ � � %$2 � ?)�465�>6%<P7�fa

6.6 8 9 :
;�<	- ��� e 5>=@?BA Z�CM>QS ���0�+' 4 � V�� X Y">6@ V�D	E	Fh� �?�G ��4�58� H ' 4 a @CB - D�E	F IJI�K �ML6N 4PO�Q � = H ' 4 E >QS E�R VTS X Y">6@ V[\ N PSF

FWHM
>

±30µm
�U*WV�0�X�Y&N	Z[']\_^3465�>	`	a_bc2.�fa+'(P[' �d

6.4
Pfe=][P

�75cg N �1h$i >�@&jPk)l ±50µm
*�m l$n	o I�E��

PSF FWHM
E�R j S h$i >�@&j 5

�U5>p.* n %.e3Y	q�a&\�r �&d
6.11

�Js1Z�tQP)��\u^b� ��v �(']r _<` E * l _<`[w /��x10�2�q �yf'&��Y�N�Z�q)�(a6*&z \ N � 4 l D�E�F7x�{ K ��� I�| ��5~}����U���(ah�i >�@&j A�,:�h] � o G ��415$��\ N � GRB
=����&���M=�� I�v � G �>E >iS�l$� �

V&�Q���$z G �465Mx	���h��Y1�(a
R j S hPi >6@�j�l �	����� Pue~����r n�o&� E�� l������&� 5��1��^P* �	��'cZ	q��r�� � 4 l D�E	F E � GU� ��'WZJ��� I�| �65�� - eB2U��x �B�� f¡ 53¢ v�£ G � _�`@�¤ 
 G �M¥�¦�x | �(a

89



7 GRB

��� l���� 'Mr
MITSuME � �	��
� l ] ��� � ������� j���� x��	���6¢�� '"!�	r l	#

2006 $ 9 %�& | �fa � 2�'[e l 1 $ 4 (�)�* ¢$g������ j���� IK l,+	- 5�'Z � 4 l/. & # � j0�1� I�K � !�'ue l GRB 2�3 � � l }4 �65 G,7 \�r98 ��� x,:<;¢6= H ' r
GRB

l 2�3 ¢?>�qZ # 8�@ l � �9A�B��0�	�&}4@¢?>�Z wC5 G,7�D�EF�G �s,H w0I 4�53¢J= H 'Wr GRB
¢�>&q&Z # 8 � �1'ue £ eB21r�K0L+5 3	�NMPOU� ��Q A

¢
RS I 7

7.1 GRB
T U V W X Y Z

2006 $ 9 ) 'ue 2008 $ 1 ) \ & l GRB 2	3 � ��}94 �J[ 7.1
¢ R9S I 7 :\;�¢J= H^]r

GRB 2_3 # 6 ` (
^M�

1 ` # :�; ] r	'?a7{ & # Y	q )
8cb	d_e�=�t � :N; ] r GRBx

1 ` 8 D/E � s0H w�I 4�5J¢c= Hf] r GRB
#

16 ` 8hg 23 ` l GRB
� � � LUN	r 74 l ^]�/89i9j	k	l	monc�qp@esr I�t Rvu S # GRB060923A (GCN5597), GRB070520

(GCN6441), GRB071021
l

3 `�& | I 7 �Q l 3��wM6O ¢ | I�x ^ ¢h8�yPr(e l t RzuS #���{0|9} '.e l �h~ 3 (g′, R, I � u�� ) � � & #c� :N; & | I ¢ w ''� e��98Cj9�
O (J, H, K � uf� ) & # GRB 2_3 l :�;�xh�	��b�r7Z�q I 7 yPr(e l t Rzu S l ^ �h8
GRB070520, GRB071021

l
2 `1& # G�� I �,
0�@¢ x/I ToO

� ��x3L���r�r
(GCN6441,

GCN6976)
7

7.2 GRB061121

GRB061121
# 8

2006 $ 11 ) 21 � 15:22:29 UT
¢

Swift � e l BAT
¢ x N>Z�:�;6b�r�r

t R<u S & | I 7��0� # j���8�j�� (α, δ)= (09:48:54.58, -13:11:42.7) & | N r (GCN5823)
7

�1{���� ¢
X O�& 1.84 × 10−8 erg/cm2/s(GCN5823)

8h�z 3�� � � (no filter) & 14.9
F

(GCN5824)
n

X O 8	�/~ 3 n w | ' I q 213 x � ��b�r7r 7 ��� # GRB
��{

132
t �
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������� �	�
������ ������ ���
���

(UT) ����� ��� g′ R I

GRB061121 15:22:29 2
���

14 ��� 19.89± 0.12 19.16± 0.13 18.78± 0.15

GRB070920A 4:00:13 14
���

48 ��� > 19.1 > 19.3 18.0± 0.3

GRB071020 7:02:26 9
���

18 ��� > 21.1 21.2± 0.3 19.8± 0.3

GRB071112C 18:32:57 1 ��� 17.3± 0.4 17.3± 0.3  "!
GRB071118 8:57:17 7 ���  "!  "!  "!
XRF0801091/SN2008D 13:32:48 2 #$�  "!  "!  "!
GRB080205 7:55:51 1

���
20 ��� > 20.9 > 20.9 19.6± 0.3

������� �	�
������ ������ %�&����
(3σ)���

(UT) ����� ��� g′ R I

GRB060923A 5:12:15 4
���

58 ��� 18.7 18.8 18.3

GRB061019 4:19:06 9
���

24 ��� - 19.5 18.7

GRB061222A 3:28:52 5
���

20 ��� 20.6 20.4 19.6

GRB061222B 4:11:02 8
���

41 ��� 19.4 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 ��� 18.5 18.0 17.7

GRB071028 17:41:01 13 ��� 19.1 19.4 18.8

[ 7.1: MITSuME �(' �h
�� l GRB 2	3 � ��}94 7 z*) :GRB 2	3 l :\;�¢J=,+ ] r t
- u/. 7

GRB070920A
# 8 ��� x?:\; ] r(021�x���~ 3/2	3 '4365�'ca87 ]:9 q8;�q&x�8y9y & # :\; ] rwn ]:9 � p I 7 m() :GRB

l 2	3 l D?E9F0G � s,H w0I y_n3¢J=,+ ] r
t - u<. 7 yCr/= l t - u>. l 2�3 # :N;@?sr 9 q8;�q 7
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' = � � � � ! ] r 7 @ l � l � � & £ =�r1r������ �	� 9�
��� � S r�K0L6x�� 7.1 &| I 7������ ¢h8 DSS(Desital sky servay, � �����cK�L )
¢ #�� q 0 11x

3 � u�� & :<;
?sr 9 q I 7 y l � ��}4@¢?>�q 9 # 7

. &�� � 9���� I 7

�
7.1: GRB061121

l K0L 7 v�£ ] r
115× 60s

l K0L � 
��� � S69 q I 7���� x���~
302�3 l���� 0,1 7

7.3 GRB070920A

GRB070920A
# 8

2007 $ 9 ) 20 � 4:00:13 UT
¢

Swift � e� BAT
¢ x"! 9 :�; ?"r�r

t - u . & | I 7���� # j0�_8sj/� (α, δ)= (06:43:52.32, 72:15:00.00) & |$# (GCN6805)
8

%�&Uy #
2.1 '�(�& | !*) (GCN6807)

7 y+ � } 8
Swift � e, �-,.� ) � XRT, UVOT

 0/21�354 �,6 #87 ��r 9�9 ; 9 7 @, );: 8\y� t - u<. ¢ � ] 9 Swift
 

ToO
�;6

<�=�> ? r ) <�8 2	3 # :\;
? r ;0' !�) 7 ��? 3� ��6 & # 8 TAROT
�h
��@ �A�< �

{
544 B � ' = �,6 � 7 !�) <8 2_3  ,:�; # &�C � R � uf� & D�E	F9G 18.2mag � �� ] 959 I (GCN6806)

7
��� # 8+D �FEHG  GRB

�1{
14
� * 48 ' � ' =I���J� �8K £�L I y1n"< &,C�) 7 @

 �  ����J� �M� 9�
�� ) K9L�<�� 7.2
 HNO hK�L &FP�I 7 y+ hK�LJ I � u��  ���  

Q ¢* �A�8
DSS

¢ ; 9 021F<*R ! 9�9 I 7 y8 �021, F0G # I=18.0± 0.3 &�P # 8 S/N
#

6 &FP5!�) 7@Ny & ��� # y� (0,1,<+S 3 ] 9T9 I y1n � a\' :�I�)F: 8�U 21 � ¢8V�W;XZY\[�]Z^��6 ] ) 7 � 7.2
 `_@� #

20 � n 21 �  ,K0L� �aTb &�P	I 7 U 21 �  I � u^�  D?E9FG #
19.4mag &�P	I <�8 20 �dc+e =�r I 021 #+� 9 7 >Ff # y8 �021F< GRB

 2	3_&�P
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# 8
21 �	c # S 3 ] )�),:�c ��� <�:N; &;C ;9' !�) n 9 5������O<���p@= r I 7 y� 

GRB
 3	��MJO ^�� 7.3 c�5 L 7] ' ] 8

20 �dc8K�
 ] ) K0L� �F<���"8�f )����� � c y8 GRB
 2	3 ^J:\; ] )n 9 5 ��;< � 9 )F: 8�y+ (0,1;<*=�� c GRB 2�31&FP�!�) '���a 7 ] 9T9 ; 9 7

�
7.2: GRB070920A

 ?KhL 7	�5� < ��� 0�1F �9�7��	�5� �
BAT

 H%T&�� � ?
: 2006!

9 " 20 �  $# 6&% ��� < K�
 ] ) g′, R, I
 ,K0L^n

DSS
 �aTb	�/H ' �(' � 31× 60s

�
)

: 2006
!

9 " 20 �dc8K�
 ] ) I � u^�  ,K0L^n 2006
!

9 " 21 �dc8K�
 ] ) I � u^�  K�L
(43 × 60s)

 �a5b*�
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�
7.3: GRB070920A

 3	��M6O � TAROT
 

R � u��  # 6 � 4 (GCN6806)
n � �  # 6 � 4Z^��J��� . ] 9T9 I �

7.4 GRB071020

GRB071020
�/8

2007
!

10 " 20 � 07:02:26 UT c Swift � eF BAT c_xH! 9 :\;
? r
)/t - u>. % P # (GCN6949)

8 ��� �?j9��8hj�
(α, δ)=(07:58:39.78, 32:51:40.40)

% P
I (GCN6948)

�
ROTSE ���
	$c�x�I�� {0|} c 13.6mag(no filter)

n 9 5� I 9�� 3 <:<;@? r
(GCN6948)

8
VLT ���
	  '�3 # 6�� =�j9klm z = 2.145

n 9 5 ��� <���
?sr 959 I (GCN6952)

�
Swift � e � =  
���`� . <�� ) n C � ��� % �Tf���� ' % P�!�)5)�:��f��� � � GRB
<�# 6 ���_i �$c! ] ) 16:21:13 UT

� = # 6 ^ 7 !�) � y� # 6 % K�
 ] )#"
$ <��
7.4
% P&% � R � I � u��  ����� c GRB

�&' <�R ! 9T9 % � g′ � u�� %)(+* r/= ] 9 0
1,<�R ! 9T9 %	x 5 c�e p % < � S/N

<�, L.- %�)F: 6 ' c0/ p@=�r@; 9 n21�354 ) �
�

7.5
� � �&�  $# 6 (GCN7026)

n
GCN c �9� ? r 9�9 % # 6 �
� ^����6� . 4 ) '

�87:9 % P&% � � � n`X �!; c Xinglong ���
	 %)( R � u��  # 6 < 7 ��r 9#< # � *
 ��� � � � n>=�?@4 9T9 % (GCN6956)

�zy+ ' �A7:9 � = � R � u��  �B' � � �  
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# 6 � c S ' ^�� :�� ' ����� <���� ( 4�� �
	 ' 4 9T9 % y1n	< ' � % �

�
7.4: GRB071020

 "�$ � ��� < GRB
�&'  ���	�

�
7.5: GRB071020

 ' � 7+9 � � �  �&� (GCN7026) � GCN c���� ?�� ) R ���
�  *���O��^��O��� . 4 959 % (GCN6948, GCN6952, GCN6956, GCN6970, GCN6979,

GCN6981, GCN7006)
�
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7.5 GRB071112C

GRB071112C
� � 2007

!
11 " 12 � 18:32:57 UT c Swift ���  BAT c���! 9���� ?

� )
	 - � . % P # � UVOT
 # 6B� =��� ����� � ��� (α, δ)=(2:36:50.93 28:22:16.68)

������� � ) (GCN7059)
�

UVOT
 # 6���� ������� �Zc 17.4mag(no filter) � 9"! �

� < P6% (GCN7059)
��#%$

GRB
��& �'$ �(�*) % ��+ 9 � �
, ' �%- + 9 � X 9 � γ 9

$
&�.�/�# 6 <10 � ��2���f�2 � VLT ����	 $43 ' # 6��5� ��6 7�8�< z = 0.823 �2e�9(�� �:2
(GCN7076)

�
� � � ��� 102 B<; $ 18:34:39 UT

�=� # 6 ^?>
@ 4 � 1 × 60s
$ "�$ ^ K�
 4A2� *

$ "#$ <�B 7.6
% P5C � 3 � � � � ( �(� c'D1E 4F2 2

� �&� $$# 6 �4G�?�#IHKJ ) � 4FL�4M�N %
2 OQP $
R � %IS C �<T�UWVYX%Z ^�[ C�\Y] 2K& � % $$#IH � 4FL(�4M�N�^�_ %

S % �
� � �a`�b $ #�H � � (GCN7087, GCN7091) � < �ac GCN d%�<��� �:L e % R � �
� $ �#��f ��g
��h�4W2Ii
� T4j B 7.7

$
k<B %<S % � ��� $ #<H �l� � #�$ GRB
$
m�,

'#�&' � ����� �nd ��o '�fap1q � ��� 500 rI; ��� o 'Yf @�s?2(# � f  � � d 4A2�
0 < � m
, '��6' d4t � � % '�u � �:j � ��0�v�w�� � B 7.7

) B dyx 4F2 X 9 �6' $ '
u 7:9 % � t � � q (GCN Report, 104.2) � mK, '#�&' d $�z d S %A{}| %}S % �

B
7.6: GRB071112C

$ "
$ �1~1� j �&' $�����

2 �����F�A��� I �4�������A�F�����W�*���W���F� ����� ���%�����A� �
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B
7.7: GRB071112C

$ '�u 7 9�� k :
m
, '��6' $ '�u 7 9�� MITSuME

$�� Z:X�� ^ �
$

1 �<j ���$�� Z:X (GCN7087) �	��
�� `Ib $�� Z:X� S % (GCN7091) ��� 2 � GCN

dy����� �}L?e % R � � � $�� Z�X f�� g��(h�4�L?e % (GCN7061, GCN7065, GCN7067,

GCN7078, GCN7080, GCN7083, GCN7089, GCN7090) ��� :Swift
$

XRT d���% X 9��' $ ' u 7:9 (GCN Report, 104.2) � � ����� XRT
$	�}H�� Z � $���e  S %��

97



7.6 GRB071118

GRB071118 ��� 2007 � 11 � 18 � 8:57:17 UT d Swift � � $ BAT d ��� L �l� �
�:2 	���� h  S % (GCN7106) � XRT

$ � ��� � $��
	��� d���% e�� �}j S � 2 j��
UVOT

$	�}H�� ��������� $%o ' j��� � ��2 � �1 � ��� � � � (α, δ)=(19:58:51.80,

70:07:29.20)  S�! (GCN7116) �
"$# ���&%1j �$'�( ;)�+*}� 440 r1; $ 9:04:37

� � �IH f >4@�,F2 � ")# $.-�/ ����
0 Z1	 � i j�1 e�2�s GRB �32)4 $�� � f 3�5 �6 0�� � 2 � ,7�8, R ��� � � I �
� � d�9 e<L �:*���; 509 rI; ∼2515 r<;��� $�� Z X 30 ; f=<�> 2�-�/ (Epoch 1) 
GRB �:?A@ �1 d S)!7�B� j��C*���; 10400 r<; ∼13000 r<;��  $ � Z X 41 ; f=<�>
2�-�/

(Epoch 2) �� o�DE,FL�e ! # � f �� ,F2 � #%$ ��� j GRB  S�! # � ��F �
e�GIe �IHKJ � � ! � �}H  [�LM,A2&-�/ f B 7.8 d:N p ! �
`}b $	�}H�O�P (GCN7119) � "�# $ Epoch 1 � Epoch 2 d.9 ] ! -�/ $�Q
N�R�S �&9
�yc GCN d��1� � ��L�e ! R � � � $�O�P f � � s?2&D uUT7Vnf B 7.9 dax � ��`�b $
HBD�OBP � "W# $�Q�N�R�S�$�O�P f:X�Y � ��Z � "W# $ GRB

$ ��� j[� �  S)! # �*j
\�� ! �
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B
7.8: GRB071118

$.-�/ � k :g′ � � � $.-�/ ��� :R � � � $.-�/ ��� :I � � � $.-�/ �
~1� � GRB

$a�<  S�! � R � � � � I � � � $�-�/ ���� Epoch 1(30×60s)  ~1���

d��W� L�e ! GRB j Epoch 2(41×60s) �� o�D�,AL�e ! �
99



B
7.9: GRB071118

$=D u T V ��� ��j�� �I$3O�P ���	� j `�b $:O�P  S�! (GCN7119) �
��� � GCN d���� � �:L�e ! R � � � $�� Z X� S�! (GCN7116, GCN7120) �

7.7 XRF080109/SN2008D

XRF080109 �&� 2008 � 1 � 9 � 13:32:49 UT d Swift �I��d<�:� L �:� � �}2 	�� � h

 S$! (GCN Report 110.1) � Swift ����� NGC2770 d3*:� ,'2 SN2007uy
f ��H � d��

�	� #%$
XRF

f'�(� ,F2 � GCN 4� sKL � � � ��2a�� � TNG 
���ld}� ! m
,�D��
H)� � L � �}2 Z $ �� ��� � ��� (α, δ)=(9:09:30.65, 33:08:20.3)  S � 2 (GCN 7162) �
NGC2770 �� $���� � 27Mpc  S C � #�$ XRF ��� �� ��H � �:2 GRB

$ �  ^ Z
��� =*}� ,F2 GRB  S�! � Swift

$ �IH�� ; � � � XRF �3?K@���� d Ic � (GCN7171,

GCN7173, GCN7184, GCN7188, GCN7189, GCN7212)
$��	�! 

SN2008D j �<H �#" 2 �
#4$

SN2008D � XRF da\%$ ,A2 Z $  S�! �IHKJ � " L�e ! �
" # ��� XRF080109

$ *�� 2 &�; $ 1 � 11 & $ 13:38:50 UT
� � �}H f(' e � 3 )+*

, � Z.-0/ � ! # ��dyD<E ,*2 �21 $�3 d [�LM,A2 � Z(X (10×60s)
f B

7.10 d:N p ! �
4�5 � ���� ��687C��9 u�: 6<;	= ] ! $ �� ")# � 1 � 11 & ��
 #%$ SN2008D

f?> �
@ d �BA X4Z ,AL e ! �

100



B
7.10: SN2008D

$�-�/ � ~1� j SN2008D
$ �B� �

7.8 GRB080205

GRB080205 �&� 2008 � 2 � 5 & 7:55:21 UT d Swift �  I$ BAT d��3� L - / �#" 2��

�2* h  S�! (GCN7250) � KAIT 
?�� $ ��HB� � ����� �
	����	�� (α, δ)= (6:33:00.64,

62:47:32.0)  S � 2 (GCN7251) �=*}�?���Yd�� UVOT
$

white � v ) * ,  -2/�� " 2 d
Z ����\�� q

b � u � uv ) * ,  -2/�� " 0�� � 2 # � ��� ��	 6 7�8 � z∼ 4.0 ��� H �

" L�e ! (GCN 7253) �
GRB080205 j=*�� ,F2���� � &�� �� � 6  S � 2 2Is � "$# �3*�� 1

� F 20
3 ; �

� �<H f >%@E, � I ) * ,  GRB080205
f - / � !"! �yd*D�E ,W2 � �<H  [�L�,W2�� Z

X�#%$'&�� 9:16∼10:48 UT (Epoch 1) #�F�# � Z�X 80×60s
f7<B>)( -�/ ��� 10:49∼12:21

UT (Epoch 2) #�F)# 80× 60s
f[<�>*( -�/ f B

7.11 d=N p ! � ! # -�/ # I )8* , d.9
eIL � Epoch1  - /+� " L�e ! GRB j Epoch 2 �� o)D
,'L e !�! �yj��� W6 ! �
HBD # O�P � I=19.6 ±0.3  S � ( � � ( � R )+* , d Z GRB �-, \ " !7�B� f -0/ ,
L�e ! ��.&9�� ! # GRB d"/ ,AL � � ([510*2 �  S�3 � ! #5416 
x , ( 510�O�P �
7*8 � " ! m 9�: j S�! �

101



�
7.11: GRB080205 # -&/ � k :g′ ) * , # -&/ � � :R ) * , # -�/ ��� :I ) * , # -�/ �

~1� � GRB #��1�  S�! � I )8* , # -�/ ���� Epoch 1(80× 60s)  ~1� � d��$� L e
!

GRB j Epoch 2(80×60s) �� o�D�,AL e ! � R )+* ,  Z \ q � d GRB
f -0/ ,AL

e ! m�9�: j S�! � g′ )+* , �� ��� (  -0/�/�� L e . e �
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8 GRB061121

MITSuME � � 
��	(j - / d���� , ( GRB061121 d�; e<L # 510�O�P f �+� s ! �
� q � GRB061121 9 �yc HBD d���� , ( �	�  # ��H�
� f x � ����d ! " � f HBD��
! ( s # 5)0���� #���� f � � s ! � 1 ,�� � 5)0M, ( ���� � Swift �  # ���� # X
Y � ��� � � ( � ∼ 70000 rnd&9(] !���� �=h! #" �%$ # m�9": � SED # � F 7�& d ;
e�� f x � �

8.1 GRB061121 ' ( ) *
Swift +�� 3 - / � " ( GRB061121 , �#-/. ��0132 -/4 �5���� � ( (�6 �87:9 *�72<;�=?>

BAT � XRT � UVOT ��@ (BA�C # ROTSE
1EDFHG !"! ��+���� , ( (GCN5823,

GCN5824) I ! # �+$J+K7:9�*�7 2L;M=?>ONHPMQ	1�D�F�G !)! ��+E��� , (�R ,�S Swift
�

T 1 , ! # GRB
>VU 6

3
R ,�W .�XKIH@ ( S ! # GRB061121 , Swift Y �[ZMW�� “burst

of interest” +O\ > � " ( ! � Z�] 3 (GCN5839) S MITSuME 
 �	 >O^ 6 N`_ # -0/�a
+ ��b  9 � , )8* , . D[F�5 . � " ( I �

8.1 + BAT
5 � � J ( GRB061121 # D�c

Trigger Time 2006/11/21 15:22:29 UT (GCN5823)

Coordinate R.A. = 09:48:54.58 , DEC. = -13:11:42.7 (GCN5823)

Initial Flux 1.8 × 10−8erg/cm2 · s (GCN5823)

z 1.314 (GCN5826)

Epeak 460keV (GCN5838)

Eiso 2.8 × 1053erg (Page et al. 2007)

d
8.1: GRB061121 #fe)��g �h� I

T7V >OiG I�@ ( d 8.1 + GRB061121 #fe"��g �j��>�iG I
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�
8.1: GRB061121 # BAT # D�c T:V (GCN5823) I Swift , GRB061121 #�7 - . �01 2 - 4 �h>�W � ( I

8.2 GRB061121
��� � � � � 	


�� +8S 2006/11/21(UT) +�1��� ( GRB061121 # D�FK
H� +��MX � @�� 6 b�I GRB061121>���� + F���G b (:6 +�,�S R S I ����� 1 , Landolt
. � 9� �+ i"!$#&%�� Xjb(':�")

* g �j��5 S g′ �+�$� 1 , SDSS
. � 9� * '	�,) * g �h��5 S.- %0/�%,132 +�4	b ( 5637 S MITSuME '��") . � 98 ) I�9 * ':��) * D	F , 2007/02/15(UT) +;:=<?>�I�9

* D[F * ��?+@��X �BA�iG I

8.2.1 GRB061121 CED�F
Swift G0) W�H.A > H�#I% >�S GRB061121

*8JLK � 2 *?M�N , 15:22:29(UT)
1 ] <O>BI

9 * �@P�QSR * C8T 1 ,�S GRB061121 ,@,U A3V�W+X -YX - *�Z cj1 ] <?>�I"[�\�,�S
J]K_^ 2

134 `"a * 17:36:34(UT)
W�H D[F%>?bf^ ��Sdc *�e.f]* 20:38:39(UT) @ 18D[F> :=<�>fIhg�c ,�iLj 1 ] <?>KI�9 * D[F:WEH 115 × 60s k *Ol8m 5.n�Ho% >fIn$Hp% >Kg ^rqS*�s .�tvupw8x *.y�z >S{ 8.2 + i�G I D�F=| *�s .�tvupw8x ,_}3~v����$� S F,� +��$��> T 1 ] <O>�90� 5,��W bVI34 � S D�F * ^ 6 1 ,_� T * D�F * > 6� ���8��� � 5_�"� � S s .�tvupw8x 5_��� Z _ 4?< � XhbVI�@�>�S�c *"e�fL* � Q * >6 S D	F��O��A s .?t�uow,x 5 Z _ 4"< � XjbEI
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{
8.2: GRB061121

D�F M"*�s .�tvupw8x *?M��.y�z Ifg ^rq ,HS s .�tvupw8x *SZ X��
+ R ���$� S I �+�$� S g′ ���$� 1 ] b�I D[F ��� , �8� � � � � * > 6 S D[F��S� , �
Q * > 6 S�- %3/S% s .�tvupw8x 5_��� Z _ 4?< � Xhb 5 S D�F=| , s .�tvupw8x 5 }3~
� � X?bEI
8.2.2 ���
	 � GRB061121 �
 C�����D�F

GRB061121
*���� +�, Landolt

. q 9? ?4��8+ i,!�#&% � Xjb�'��,) 5 4HXHI�- * >6 S GRB061121
>OF"��G bO> 6 +�,MS�'��")�� GRB061121

* �����> ��� � >�� M +D[F �VS@'��,) *��� �!#" >LA ��$ GRB061121
>OF"��G b 132[5 ] b ( % � X �� '& �( a#) ) I

- * > 6 * ''�8) * D�F ( S GRB061121
>�D�F � � W�H 85 c a * 2007/02/15(UT) $

:h<�>fI '��,) * D[F s#*'+�,�^ x > d 7.2 $ iG I�g�c *.-0/ ( i0j'1 ] � S { 8.3 $i ��>0 K02 W�H s03 tvupw8x�4 }3~v� � Xhb"90� 4 ` W b�I"9 * c * D�F 1 ( S6587'9: *<;>=@?BA b@> A $DCr\?4 Z c * ''�8) =6E8m ��> * 10F s03 tvupw8x *.y�z (.G $ �� $�H�I�J b A * 1 ] bDKBg�c *.-0/ ( '��").L'MN$;� �(>�O�P�1�Q8<?>��SRUT�VDK
'��") * L'M ( F�L'M | $W5X7 * O�Y 4 y � < � �DZ �#[U\^]`_ M'� (1∼2

M��
) $;:] 132 4 Q�VDKXa>b * '��,) * L'M ( F 14:23:40 c H 15:10:34(UT) Z�1 * 1

M��
46 ` �

* _ M�� $<F GRB061121
* ����(> ����* L'M =8� $DdNe�1@:h<�>�K@L'M M $ ( s�3 tuow,x A }0~�� ����� F85X7 * O�YN$ y?z (�f RE�hg^T Ho% VDK
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������� �	��
	�
(UT) �� 
	� (UT) ��� 
��

Dark Frame 13:06:42 13:12:21 30s x 10

G163 14:23:40 14:30:03 30s x 10

SA100 14:32:21 14:38:52 30s x 10

SA98 14:41:03 14:47:28 30s x 10

SA102 14:49:44 14:56:05 30s x 10

SA103 14:58:24 15:04:46 30s x 10

SA104W 15:15:48 15:22:16 30s x 10

GRB061121 ����� 15:24:28 15:37:18 30s x 19

SA103 16:04:13 16:10:34 30s x 10

�
8.2: '��,) * L�M s#*�+�,�^ x K 23:23:40 � 01:10:34

*#� $Y'��,)�� GRB
���B* L'M

= :=< � RUVDK

{
8.3: '��,).L'M M�*8s�3 t�uow,x *Oy�� K�� ^Bq (�� c H F R �+�$� ,I ���$� ,g′ �+�
�`1'Q'VDK s#3 t�uow,x *Oy�� ( F_� T L'M M $ �! V � � * ��� 1'Q�Vr�hg^T Ho% V K
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8.3
� �

a>b *��� 1 ( F GRB061121
* M � =��r* \^] 4 & �B1@:=<?>.K

1. � n �(> � ^�q#=����
	��� �B�SF��
��� ��� = : ]

2. '���) = M � J V39]� 1#F;a�)�J V��������W507�9 :���� ( � y! �
� (�" $�# e
�(> A * 1%$S~�& =�?NA V

3.
n HI% >'�(���)��507>9 :*�
� =�+ R � F GRB061121

*W��� $�Q'V-,�.") = M �
J�V

4. ,
.8)�� *�/%0 M � $ \ � F GRB061121
*21�3 =�4�5 A V

5. GRB061121
* ��687 W =�9': J V

8.3.1 ;=<?>A@ BDC �FEHGAI?JLK
GRB061121 � '��") * L'M�1 n�Ho% >�� ^�q ( F.Z2M ���
	��( �r�N����� ��� = :] K & � (�O 4.3 PN$�Q ��> A * � ��R 1>Q�V K]>3Uv�TS�U(V 	2W x *2X=Y ( :=< � R
48R<K

8.3.2 Z []\ + ^`_badcLeAf�CHgih
j�k $�l�m 1'3^=@?BA V�n A $ ( F@Z�Mpo'�*l = M!qHr Fts�u�c H ��spv�w@y' �x� =
?BA V�y%z 4 Q�V K�{%|xm!} ��~ 1 ���N� V ��spv�w@yp �!� c(� j�kF� l�m 1'3 4 ?BA
� � V6K

Ginst = Gcat + kg · F (Z) + Cg · (Gcat − Rcat) + zg (8.1)

Rinst = Rcat + kr · F (Z) + Cr · (Rcat − Icat) + zr (8.2)

Iinst = Icat + ki · F (Z) + Ci · (Ucat − Icat) + zi (8.3)

u*u�10F Ginst F Rinst F Iinst

(
G F R F I �8��� 1!m��!� 1'3 F Gcat F Rcat F Icat

( 3Lq �� $-Qx� ��� n 1*3 1'Q�VDK F(Z)
( -!� c��tm2�!� 4 Z m��%m Airmass 1�Q�VDKduxu<$

c�c�V k
( �8���T����m.587'9 :p�x� 10F�l�c(��m2q 4 587N$ \D��� �=�  ��x��� 9 : ��=� r Z ] c = � J ; 1�Q�V K���� 4 _ R���mx  � F'u�m.587'9 :p�x� k ¡�5F¢WR2£)¤ �
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V K C ¡��8���T����m������ �x��� F��	�Hr n�
!�8��� m�������������0J��D¢����%{��
m2q�� � �=�  �Hr � r Z�� � RBVWc� � J(��m � Q�V K%u�m�£D¡���� �����
m"!�� � J
��m ��# C m�£��%$F¢WR�  � �&�����������0J��D¢����%{��]m2q��'�Hr � rSZ�� � RBVxu
�-¤ � V K z ¡��8���T����m��)��� � Q � #�( �%� � 1'3 � �!� 1'3 m%)�� W+*�, � Q�VSK

Band $&-/.�0 �%� k ���-� z �	1  �%� C

g′ 0.33 ± 0.08(0.27) 20.98 ± 0.12(20.82) 0.05( $%2 )

R 0.18 ± 0.04(0.16) 21.30 ± 0.06(20.63) 0.02( $%2 )

I 0.05 ± 0.04(0.09) 20.19 ± 0.06(19.68) 0.013( $%2 )

�
8.3: o43xl&5�6Nc �87�9'n������ + $&-4.�0 �%��:";�<>= ¤�Q`r�n2£8¡ 8 ?]m�o�3xl@A � 7�9pn�B+CED + $&-/.�0&F�GDm�£ �H�IJ:�K�L"M � � n�£?� # 8 ?D¤�7�9'n�£�¡�NO r ��P IJ:

K4L m'5�6 � ¡ #�M � � n�o3*l�m"Q	����R(�SB�CTD + $�-.�0�F	GFm 2 U>�'7>9 #"V
1&W�F	GD¡EX4Y&� 8 ?
��¤E7>9�n�£+�[Z�\�] I[: s%m�^+_�¡ #'V 1&W�F	GD¡����`�����
ma�b ¤E�	��] IEc�H�I n9 #"d�e>� a	b �%1&f�¡(r � P �8g+h�n�R�� �/H�IJ:�i n # 8

?�¤"7j9�nk�l v w 1�W�FG)¡�m/n �%M � � nk�l v]w 1�W�F�G)m�£L�`N O r�n���m �H �pn :�o�p m%q�r�s)¡	mnF�'t+uwv�xjy (/z{ �'\ P #`|�}�~���� �� ���t+u � y ��#
k&l&����1�W&F�G)¡�N O ] I�� �J���	��� � IJ:
B+CED + $&-/.�0&F�G�¡E�����	� (2007) ¤'����� ��P I 5�6���D¤'� P 5	6+������� :M�� ����5	6	�����T� 8.3 ¤'�	] :&;�<�= ¤'���[��£)¡ 8 ?=�=¤�7�9��k&l&�/�"1�W&F�G��H�I[:"K4L�M�� �/��k�l����1&W�F	G � ;	<4= ¤T���`� 8 ?
�	y	k�l����1&W�F	GD¡"NO � ��P IJ:

8.3.3 �¡ 
K�L�#£¢ 3%¤/��¥�¦�] I yF�[t��!¤ # GRB061121 �J§	¨©�S��ª&«>��¥%¦¬�S� :�� y�>®°¯

t��T±/y @�A � ¡ #²¢ 3%¤/� @�A � � M³� ����´���yEB>C`D + $�-�.�0�F�G=¡ # GRB061121

yEª�«�� @A �[��µ�¶ � ��t�u £ �H�I �Sg�h � � I[:&·�����# GRB061121 ��§4¨��[�¸�¹ y�º�¤F¤E»�� � � y�£���Z�\�� � A ~ ] I[:&·����"M�� �4�"���+� # GRB061121 �A ~ ] I�¼ y"½�¾�¤/y"¿�À?�8] IJ:
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�
8.4 ¤E½¾�¤/y���¦������ IJ:��
	 � GRB061121 y�� ¢>#�
	 ��½�¾�¤ �/H�IJ: ½

¾�¤ ¡ # GRB061121 y"]�� ¹�� y"º�¤ 11 �+����� � : º�¤F¤��4���"G��]¡ # � 8.4
� y

ID y ;�<>= ¤'���[�"G��H�S»��] IJ:
½/¾�¤4y A ~ �	���E� 8.4 ¤���] : ¿�Àjy ;�<>= ¤E�¡�J�2£8¡ USNOB1.0 �©�� NO-

MAD y ( ��C���£ ��H�I[: USNO � NOMAD y� { ��¡ 0.3 ¿&À # µ�¶�¤E� � ¡ · �! ´	$�¢ � a	b ¡�" P : � � ¤ g′ ¡ Smith et al. ¤ HI�#%$�& ¯�1�W�'+��Z\ �)( P I
��9 #  { ��¡�� � ¤�$F¢ � ¯ I[:�· y��®S¯ � �E�'g�*�] I � #�K4L y�½�¾�¤y�¿&À,+
USNOB1.0 � NOMAD y ( ��C��t£-� N O �.( P IJ:

ID
��# ��/

g′ [mag] R [mag] I [mag]

07029678(1) 9:48:37 -13:07:54 14.60 ± 0.17(14.0) 14.03 ± 0.09(14.3) 13.88 ± 0.09(13.6)

07029120(2) 9:48:32 -13:08:06 14.95 ± 0.17(−−) 14.23 ± 0.09(14.5) 13.98 ± 0.09(13.5)

07029484(3) 9:48:35 -13:08:50 15.09 ± 0.17(14.4) 14.22 ± 0.09(14.5) 13.94 ± 0.09(13.5)

07029540(4) 9:48:36 -13:10:14 13.70 ± 0.17(13.5) 12.52 ± 0.09(12.5) 12.05 ± 0.09(11.9)

07029697(5) 9:48:37 -13:13:18 12.84 ± 0.17(12.8) 12.18 ± 0.09(12.1) 11.88 ± 0.09(11.6)

07031262(6) 9:48:52 -13:11:12 16.29 ± 0.17(15.5) 14.95 ± 0.09(15.3) 14.54 ± 0.09(14.0)

07031721(7) 9:48:56 -13:13:26 16.27 ± 0.17(15.5) 15.39 ± 0.09(15.8) 15.17 ± 0.09(14.9)

07032629(8) 9:49:05 -13:13:21 15.28 ± 0.17(14.6) 14.47 ± 0.09(14.8) 14.24 ± 0.09(14.0)

07032509(9) 9:49:04 -13:12:40 16.27 ± 0.17(15.5) 15.23 ± 0.09(15.7) 14.97 ± 0.09(14.6)

07033053(10) 9:49:09 -13:11:56 17.05 ± 0.17(16.3) 15.19 ± 0.09(15.5) 14.43 ± 0.09(14.2)

07031877(11) 9:48:57 -13:07:26 12.60 ± 0.17(12.2) 12.08 ± 0.09(11.3) 11.84 ± 0.09(10.9)

� 8.4: ½�¾�¤y�¿&À : ID + USNO-A2.0 y�0�y��[Z�\��1( P I[: ID y�2%¤ H�I[;	<4= y
G%�� # � 8.4 ¤3�/�4( H�I G%�/y�º	¤5� »���] I[: ¿&À>y�2%¤ H�I[;	<4= yEG%�6+ · y
¤4y ( �/C7�E¿�À �4HI�: I 8:9<;>=�+ USNO-B1.0

#
g′ 8?9-; # R 8?9-;@=�+ NOMAD

�'½�¾��[� : ”—” + ( �C���y"¿�À��4A/R��&�B0�y�= H�I�:

� y�½¾	¤��'y�C�» A ~ED EF # GRB061121 y�¿�À©��7�9&� : 7�9&�%¿�À©�E� 8.5
D

��] :�;	<4=
D ���`�3G,+7H�I�¿&À�= H�I�: “—” �w���1( H�I 0�y�+�JLK,M�H�IBN)O�P�(
� i P A ~ =RQ&¯�R�P&�,0�y�= H�IJ:S D J GRB061121 y A ~ �&� D � P �T(4JVUyXW�Y�Z D  IX[�\ N |�} ] IT] GCN5833

BF>J�U�y^W�Y%Z D  I3[4\ + EB−V = 0.04 mag (Schlegel et al. 1998) �L_
`¬� �6( P
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�
8.4: ½�¾�¤4y���¦ ]�
	�� ½�¾�¤ ]%�
	�� GRB61121

� §4¨��[����� ]

Time( ���
	��� )[s] g′ [mag] R [mag] I [mag]

9064 ± 1019 19.57 ± 0.18 19.1 ± 0.2 18.4 ± 0.17

12005 ± 642 20.0 ± 0.2 −−− −−−

13352.5 ± 638.5 19.91 ± 0.18 19.0 ± 0.2 18.08 ± 0.12

14698 ± 639 19.8 ± 0.2 19.1 ± 0.2 18.60 ± 0.16

16042.5 ± 638 20.1 ± 0.2 19.24 ± 0.18 18.60 ± 0.17

17085 ± 337 19.88 ± 0.19 19.2 ± 0.2 18.9 ± 0.3

12733.5 ± 4688.5 19.89 ± 0.12 19.16 ± 0.13 18.78 ± 0.15

� 8.5: GRB061121 y"¿�À ] ”–” �'¯�P�( P I���� +�J)KBM7H I6= A ~�� M��>¯�R%P��,0
y�= HI)]
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I.] U4y�W�Y
Z�y [�\�c N���� I�D +�J�� 8.6
D�H�I

A/E(B − V )
D J EB−V = 0.04 mag

N%R������.(	� I�� � D ,F
� i�I.]�� h� g′ 8?9 ; y�µ�¶�J A/E(B − V )=3.793 = HI y�=�J [4\c + 3.793 × 0.04 = 0.152mag �T¯ I)] t'xjy	���EN��1J R 8?9 ; y�µ�¶ =
+ 0.105mag J I 8 9 ; =%+ 0.078mag y |�} N�� P&� ]

Filter λeff [ Å] A/A(V ) A/E(B − V )

g′ 8 9<; 4925 1.151 3.793

R 8 9 ; 6602 0.807 2.634

I 8 9 ; 8046 0.601 1.962

� 8.6: �%8 9 ; y [�\c (Schlegel et al. 1998)
]

8.3.4  ������
i�� J M�� �/� GRB061121 y�¿&À N^ ����� ��� { ��! l�y#"�� D�$ W�] I.]�� � i

=�y�%'&�=	���%�"¿&À,+�(�	�¿&À�= H�I�� J)(�	�¿&À�R �  ����� ��� {*��! l N���� I� �X+�+-, = H�I.]�� � D »�� J� ����� ��� {.��! l �Jy $ WEN o�/ D�0#1 �1( P I "
� � � AB ¿�À = H�I (Fukugita et al. 1996)

]
AB ¿�À�y 01 + S y�'6= H �4h � � I)]

ABν = −2.5 × logfν(erg/s · cm2 · Hz) − 48.60 (8.4)

��� = fν +#" � 243�G H � F y�� {5�6! l�= H�IX]/·�� =�J7 ����7� �7� {5��! l6N��
� I �.� D J8(�	�¿&À�= H�I MITSuME y"Q �:9�NEN b AB ¿&À D�$ W�� J S D AB ¿&À
R �  ����� ��� {.�-! l D�$ W�] I � P ®<;	�,N�= I.] (�	�¿&À�R � AB ¿&À*>/y $ W
;���+ Fukugita et al.(1996)

D _�`�� �6(��<F J · � +�? 0 �J�6(�	%¿�À D J�� 8.7
D �

�`� AB ¿&À�=�y@(�		y o/I ��NBA h��:�4 P ]4� ®"�1(7J MITSuME Q �:9�NC(�	�¿&À
R � AB ¿�À.> $ W��[��®[h4=�J4 ����7� �7� {5��! lD>�� $ W NT�EP&� ]

u′ g′ r′ i′ z′ U B V Rc Ic

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

� 8.7: AB ¿�À ="���[�	�
8 9 ;FE6��y�(�	�y o4I � ]
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�
8.5
D J Page et al. (2007)

D&H	IJ~ b���� D
MITSuME y�Q �597N���� � �`��� ~ b��� N'��] ]©� y �RD + Swift 	4¤4y BAT J XRT J UVOT y White/V 8?9<; J ROTSE

N�
7�E�S]����´�� ?�y R 8 9<; J VLA y���3RJ?� P P�����3�����? D �P�( M�� �4�
Q �:9 � ���1(���� ]�� 8.5 N����6�1J MITSuME y"Q �:9�0 � y��.?��8N O �1( P � �
� ��� R � ]�!BD g′ + V 8 9 ; y�Q ��9BF^0#" � ¯$� � � � �	������ � J · y�% F
y�� ?�����=&��� � � ��� R'� ]� y Page et al. (2007) y ~ b��(� R �*) R$� GRB061121 y !�+ ��� (�J S y � � � �, � �-� ] (1) � �/.���0�= ���
	�� � R�R�P���� �4J1�'��92� �43�5 N XRT J UVOT J
��´2��?�687�y���3���=	y���? D�9�:�] (2)X

� y�Q ��9�y�;%J 300s
¸�¹ R �=< �4y�+®

¯�>�? � � � �@� ] (3) A2B ~ yC�*? =�+ < ��>�? +3A � J�]5� DED	~ � 
 i � ] (4)X
� J

V 8 9 ; J R 8 9 ; =�y D�~ y�FEQ ��G ¯$� ]

8.4
H I

8.4.1 JLK2M N�OQP�RTSVUXWXY[Z
X
� =�y�;�� � �\� < �/y#>�? �1J X

�
(αX = 1.32) ] R 8 9 ; (αR = 0.84) ] V 8 9 ;

(α = 0.66) = D	~ y�F Q �2G ¯��R�=^�® GRB061121 y !�+ +�J(_�`�=�a � � (�^�� GRBb�c % ��+ G ¯$�Cd�¦�=&��� ]
�Ce �.J ∼ 70000 f  b R 8?9-; b�g8h ��� +2i�j � � F � � F>J2i�j � � F  b F

Q�+ αR = 1.5(Uemura et al. 2007) = ��� ] `��@k b ∼ 70000 f ! l b X
� b F Q�+

(αX = 1.32) m F30En =$�5F>J�o b F Q7+ αX = 1.5(Page et al. 2006) �XJ R 8?9<; b F
Q,��pq.=&��� ]sr&t�D J�u 8.6

b mv D MITSuME ] R 8 9<; b�w ��92x N�y8zs{)J R

8 9 ; b D g�b FEQ�+ Page et al. (2007)
D ���.G αR = 0.86 mEF^0}|*��e D1~ � ] o��

(�J�o b GB+ V 8 9 ; b FEQ (α = 0.66)
D2����� ��mv D ����� ]

o�k4=�J�u 8.6
b�� � =������m�v D J GRB061121

b
∼ 70000 f$���� G@~ �@3��� p1����i�j � ��� � ��P���{(^Tv*A1�8�?N��\��� ] o b2��� J�i�j � �X�*� b FEQ �

α1 = 0.66 J�i�j � �X�  b FEQ � α2 = 1.5 { ~s� J2_�` � a t j'��^�� GRB
b&��� �

���-�}� ! b d8�\� ���1� � ] ��� � ���-�=� ! � ∼ 70000 f � ��� {��E�-{3Q�  Eiso =

2.8 × 1053erg   z=1.314 e t¢¡ 2.1 £E¤�¥ � � {(  ��� � � b8¦&§�¨�h�© θj = 2.5◦(n=0.1

£Eª 0 )   θj = 3.3◦(n=1.0 £Eª 0 ) { ~ � ]�«�¬ b 315��®1¯�°2± Eγ = Eiso × (1− cosθj)
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u 8.5: Page et al.(2007)
b2g�h �E� ����� b2w ±���£�� ���	�(����u�
E���� b2w ±���£

� {=z b������ �#� � ����  UVOT
b�w ±�� ©���� ����� ×0.01 �� ���� b R  "!$# bw ±�� ©��%� ���&� ×0.001 � ����'�(%�	� r j$��^�)*
 MITSuME

b2w ±��1��z�^�� ©  
I  +!,# £ ��-   R  +!,# £�. - ��� �%� �/�&� ×0.001 �\���10���'�(��2�(����3 �   g′

 	!4# �#z8^8� ©/5- � ��� �1��� ×0.01 �[�}��'6(��7���}��^�)8
�9-��! ��b x�: © X

: b<;8w ¯ �  �= §�© αX = 1.32 
%> -'b x<: © V  2!?# b<;�w ¯ � = §�© αV = 0.66 

. - b x<: © R  2!$# b�;�w ¯ � = §�© αR = 0.84 
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u 8.6:
��� � � ���}�	��£ ��� � )�u�
 MITSuME

b�w ±7� ©  �� t j � w ± ���'� £
�
	 ���� �����@£�� g �����\£(¤�¥�����^�)*
 � : ©8�8� �2� ��/�������0��{8����8�'b�;�w ¯ � ��)1
 «�¬ � �
� ��� � ! ��©�� 0��1^ ~ ^<
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u 8.7: Amati
b���� 3@m�� Ghirlanda

b���� � GRB061121 £&'�(%�	�(���8u�
 Epeak
©  

Kounus-Wind
b

670keV { RHESSI
b

455keV
b

2 z ��� � t j$��3 �  �k b u � ©��
	
� b���� £<'�( � �E�(��
 GRB061121

©
Amati

b��� £������E��� )1
 ���   ∼ 70000

f� ��� � � ���}�	� � ��0���{��E� ���   GRB061121
©

Ghirlanda
b��� £������E�

� ~ ��

©   ��� � � b�¦$§#¨�h � θj = 2.5◦

b2��� � © Eγ = 4.6 × 1050erg   θj = 3.3◦
b2����©

Eγ = 2.7 × 1050erg { ~ )1

u 8.7 ��  Amati

b����
(Amati et al. 2002) 3\m�� Ghirlanda

b����
(Ghirlanda et al.

2004)
b ���%� �&3��&�8  GRB061121 ��� b���� ���<)�e�£ � �E��u$£#� � 
 Amati �

�� � ©   GRB061121
© ��! ��" #'�$+0��%� ~ ����  1 &(' t �)�+*�, � ��! � -\�

$602�.��)*
 �/�   GRB061121
©

Ghirlanda � ��� � © $60��.� ~ �&
 Ghirlanda � ���

£0�'� � � ©   �8� �"� ��/����� ∼ 70000 1�m �243 �8��576��98;: 0��.� ~ �E� © ~tC~ �<:${#� ~ ) 
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u 8.8: MITSuME { XRT � SED 
 MITSuME � w ±�� ©���� ������� t   I  +!,# ,R  
!$# ,g′  2!?# � w ±�� � ��)1

	 ������ ����� © ���[�(�%� )1

��� ~-t MITSuME

� w ± ��{ XRT � w ±�� ©�� )�:${ ���� r ,") ��  � t ,������ © o v © ~ 0��%� ~
�<
 :0, © 	 ������� ����� �! �� #"����\��3%$�)!�&�\£�'($���:${�£ ��� ����� )*

8.4.2 )+*+,.-0/+13254 687:9
u 8.5 � ���� � 3 �#;�< � )���5���3=$�)#  MITSuME { XRT � SED £#>@?X�}� ( u

8.8) 
 MITSuME � w ±�� ©  �� t ,$� w ±�� ���&£ �
	 ���� �@>&?[�������@£���AX�
� � t ,�� w ±�� � ��)*
 MITSuME � w ± � 3 x'£ Power-law

� � � �"�E�E���&= §�©
β = 1.0 ± 0.5   Swift � w ±��8£ Power-law

� � � � �E�(�<= §�© 0.98 ± 0.07
� ��0���


u 8.8 £&B")�{� �C�D=A { X :;� SED � � 0���� ~ ��
�	 �@�E�=�<�����£!F�G �
�$� 2 � � t *
C&D
A�{ X : ��5 � � t�~ �s{0� v9:�{ ©  3HJI#� GRB061121 ��"��
�-�<3)�&����-£�'K$1���	)�C���� ���-�(I , )�
 GRB061121

©
z = 1.314

� � ).��   GRB061121 �!"��� �@L � ©   MITSuME � g′  +!,#   R  +!,#   I  +!,# © ��� �
1/(1 + z) �+H4, )�� �!MN�:��!OJPRQ#S6) 
�MN�:���OEP � ��)�S8IUT� U"��E��=V&0
����� ��W�X\£�'Y$���C��1� ©�Z%� ���Y[\I ,2)1

:���]^\£#_ ��` )�a�b � Page et al. (2007) c�deH ,=f%� )1

g 8.9

©
596-1566 1Yc

3%$�)!C�DEA& #MN�:   X : � SED £ Broken Power-law+ � ��5����&� + "��E� �����
� ;�h ¯
i � � � � � ! ��j � 0�k�g�i
�%)8
�l�mL�i%� Lyman-α

© ���7��L�i © 1215Å

� (1 + z) �RH ,=n ∼ 2812Å Q�S6)�
� ���&L=i�: �<�%� © MN�:���OEP%i �3opn�g 8.9
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g 8.9: 596-1566 18c&3 $�) UVOT Q XRT
j

Broken power-law fit
� kEg (Page et al.

2007) 
�������l�mELJi�� Lyman-α (1215Å) ���
	���) ���%


c�3��Ef 2 UVOT ��M�N�:�� h ±��� ��� � ��� j '($�f��7)1


8.4.3 SED ���������
Page et al.(2007) i���n GRB061121 ���������
�(I ��� 65000 1!�@i�� SED ".5$#&%��
]�^5H ,Jf/��)8
g 8.10 c Page et al. (2007) c �%) SED "%5�#'% � ���� c MITSuME

� h ±�� j �
	 k�g j d ` 
<:���g�c 3�$�) SED � 1 ( 4 �&n�g 8.5 � 1 ( 4 ����) j+* 0
k,"�576=c�;&< � f.��)*
 :���g�i�n « :-� «�¬ c � 0@k � � � � � ! � �!��� j d � f
� )1
/. � n�C�DJAeQ X : j �/0�=21���n R  2!?# � h ±��&5Q X : �'.43 � ��� ��5
H0�,�� � �i�� � � � � � ! � �8I =-1 j76 ��k 2 ��i���)*
,8�� 9 C@D�A Q X : j �
0�<::��n :��%V<; S � � � � � ! ��j � �n 2 = �� j�>'? =�S�@�k :%i���)1
 :�:!i
�$A\c@n MITSuME � h ±��7B,C
i���)!n 2(X : �'D�4E�F �&G!� )$"�5 ) n 3(MITSuME

�7H �!"�5 ) n 4( 8�� �7H � � ��) 65000 1�C ) c�3\$�) SED "�5'#�%Yc�=��Ef��!]^ j
d ` 

g 8.10

j B )=Q n�"�5 2 ( 4 �%5�i X : ��=-17�&#4%-��I QKJ;� B5I ,�S7�&
�. � n@C
DEAeQ X : j&L ` 0�=21�c�MON ` )%Q n�"�5 2(β = 0.6) �3I MITSuME �7H ��"�5�i �
)�"�5 3(β = 0.39) cQP )�Q n�..-�=21 ��5 H���S6)1
SR � f�"�5 4(β = 0.53) i��&T��
=21 ��U-1 ��S )+V
:��<=21/�,"�5'#�%2��n X : �4W�c�BeI ,2)XD��,E�F\c�Y�� ` ) 2 ��i���)�V,=!� opn
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g 8.10: GRB061121 � SED ")5'#�%��g�V��:<� X :\i�������� �
��� � � ! � ���
��V48�� 9 C@D�A j ��0�&:-� >�? �!J�� 2 ��i���)KV ����� "�c#d � f���) β ���-� R

 2!$# �45Q .'3 � ��� �&5eH�� X : ��)� �  j �SJ	�����<=21�i ��)+V
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"�5 2 �8I "�5 3 �%5�i��&n�C@D�A ����A!� > :���S���c�; � f�n�D�4E�F ����) X : �
��A!�@C@D�AKV\o 2���� ��i���)KV X :3V\o C@D�A � � �	� �#S�)�k��@n@C@D�A 9 X : j
��0�=-1��&55H��#S�) ��i���)KVS��k�n�"�5 3 �8I "�5 4 c 3��f�n X :�i���D�4E�F �

�� k'C���Kc��JA j G	� )�V����:�&C�DJA c���=�f X ::����Yc�� �!S6)�k �&n!C�D
A 9 X : j �/0�=21 �4U21 ��S )+��i ��)�V
��k�n&"�5 2 Q "�5 4 �%5�i�� [%)=Q X : Q C@D�A ����A!��I	���:	 i���)�k��@n X :
Q C�DJA j ��0�=:1�� H$I � #�% � f��
S/�'V

8.5
� � �

� � � h�!�" ��n UVOT
�  ���%�$H
� �'"�5#��$&% j('*)�+ :�Q#c ?�, � n=V%o.-0/

S SED �4"�5�#�% j�1 I �c � k$V.:9� SED �KI n 3 2 � h�!�"�3 z=1.314 ��"&���\c�V
+ �!� j '%$�f+� + :�Q 354�6 H , + V&��k&n ��� � h0!�"&j87 9 �;: � k�<�=#>�H�?)��A
�A@(B��8I n GRB �/� 70000 1(cC<	2;�'"��8D%,E@ 3 o 3 B5I , + V � � � n Ghirlanda

��FHG(� I+��n :���"�5%V o 2 C c0I�J �K:ML&N�O*P�3 Q�R k :
Q j54 � fTS + V
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9
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