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1.1 ������������� ����� "!$#$%'&)(+*-,/.103254)6+7'8:95;=<3>@?BADCFEHG1I+JLKLMN,
(eV)

7$OHP/MRQR(LS5TRU$ V!#/%LW+A�X:Y[ZL>@?\AHC'Z:75]_^L`+acb3dfe\gh9jiHkR7FlH.nmH8F9co5pLq:7/rLsH0
1969 t 2vuxwYBy/zL{F|+7c}v~L�3�+�v�v�

VERA
a)� Ô��+�R�+��� 7/4x6c>@?��R7� V!�#c%LWv�vr"�ca��v�fegx�:lR.�a)�'9

[17]
o

GRB
0$�v�:73�Rl�mH2+^�U=rL�H�_9�>+�3�3m��1�L2H�c�/i3kF7c�L :¡L`/W+]:^:lR.�a)�_¢£�v�W'¤�¥@¦[21rvsL>f?B§ t � Ôn��¨ 2��L©F7vª/«Ha'U+¬=W"9n+®LW+¯-?°gH¬'> Ô �+oDev?5a'0c "!c#%D0=±+²)³5mD´$µ"e¶g � ¥3�)·B7$mD2j¸:¹�m=�+�3�:9$7'0=º�» 0 mR8H9/oD� Ô1� �'�)S�¼�½$¹c¾ ��v��¥$¬3¿/gDÀD¬f?B�L2��L�vÁxÂ ¨�Ã ?¶g � ¥D�"·B�+Ä32c¬v>3¬+>+ÅvÆ"��¬�ÇLÈLWvÉV��¬'> Ô �+opLqHacÅ+Æx��¬$Ç+ÈRax� ÔB�'Ê Ò (HËc*5M:(+S5Ìx¥�Ív¾H�v7�0 Burst And Transient Source Ex-

proler (BATSE)
mD8R9

[24]
o

1991 t a3u_w:YBy5W'¼"½$¹c¾H� Compton Gamma-ray Observatory

(CGRO)
a=ÎLÏ-eBg"�

BATSE ÐVÑ5Ò 0 9 t `+a=Ó Ô�� 2704 Ô 7 GRB
�3��S�Õx^L2

GRB
7cr�+Ö3×H0$ØLÙ��$a$ÚLÛ_¥ � ^H93lR./S+Ü:?j>HaH¥=� ( Ý 1.1)

o�Þ+ßvàR¬R�=8F91áLÚHa$â"³+¥ � ^'¬^_.5^h·5lD.10L2�ã�¦°ã�¦ä¸vå+æ3çv>'4x6/èx��évÙDmD8F9D.�^�ê)9/o3lc7/v®Rax�:¢
GRB

��mR7ë'ì 75íDîLïF0�ðñ?¶g � ���+o

Ý 1.1: BATSE òvó°ô�õ/ö=÷Bø5ù+ú1û 2074 ü�ý GRB þ\ÿ����������
	��� ú1û
�\ý�������������þ����ú������ �"!�#��"$�%�&('*)�+'ú�������,�-[õ���.0/jû��
1 ¥ � 1997 t 23254VY1u)."687L!�9R7/�D�Rm:8:9 BeppoSAX

aV� Ô5� GRB
��mF7 ëvì S�:«Dm"�+9�;v«"��¬=�3�vWH¬�e\g��+o

GRB
Wvrv��¥'�cÙ=<=a

X
%Hm�>�¦

” ?A@ ”
iHkxS5rvs)¥'�v7mH8F9

[19] ( Ý 1.2)
o3ªCB�Ö3×xS�»3� @0D IFE:7�Gvé0HLm'�L�)¥=�).=lAIc2Hljg�?�7�ECJ_7�J:^�KL m ¨�M0@ �x95<0NLW0O0P@eBg�2 1 gRWLÅ � ÞLß:aFQFR:¥ � ^:9Ll:.�WFS3> Ô �+o�Ú @ �L�_7$®:2AT+ÞDßR0

z = 0.8 U5V 7$4�6cèV��é3ÙRmF8:93l:.�W5S Ô �vo ëLì W0SH> Ô �_lR.�m'~=WD7cbdDO3PcMHQH(LS�X Ñ m��=9R�x·°a'¬ ¢£2 1053∼1055 erg
.�^ñ·�Y=Z"[/&"! �F\ 7/4x6cm=pL±F7�]vr
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iHkHmF8_93l:.�W5S3> Ô �vo ?F@ 7$�D x¡H`=0 GRB � ©_a����AJx^L�3ÄD2�J�¡3`37$�3�3W3»��a+¬ ¢[2��
	H¬��xÂ�;L«vWDm"�+9H�:·�a+¬ Ô �LoD¥/>x¥c¬+Wh? BeppoSAX
0

GRB
rL�D>@?

6  8¡L` UCV >v> Ô�� >h?�2:�:· D ¦ ¸x¹'a��
�@eBg@9co ?F@ 0��"���Dm MC@ ¥ � ^ Ô1� ¥D�"·B�'Ä32
BeppoSAX

7������_7c�L�DmH0��
�vgRmR8F9�ÖLz ¨�� > Ô �vo

Ý 1.2: Beppo SAX õ����Lú�û GRB 970228 ý X ���! 
�#"1õ�$�%'& 8 (�)*&�+-,5õ�$�%'& 3.5 ./&=ý0-1 �
2000 t a32 � 2+u�w:Y�y'2
4F7v!'*L7!5xª76crDm ·1½�8�¾@?¶gx� GRB 8:9 �+� HETE-2

�L�
(High Energy Transient Explorer)[21] [9]

0'�v��¹=m
GRB

r3�D>-?
10
Z U0V m7��ÂDS�;L«V¥'2¸_¹va 1 gVS�;��R�)9DlF.�WDm��L9R�)·¶av¬ Ô �vo HETE-2

�+�:0=4)6/%_7'<�=DW�>D¬H^'?�@�A
@)S:. Ô�� ^:9vlH.jm'�v�_7c�v�7B�CLW@�x¦ 2Dl�gf�5m XXX Ôf¨ 7 GRB

S#�xÂ�;
��S�D)¥ � ��'o+�c�'EHa�F �R� Ù <LS��+�)¥ � ^H9LlH.�mD2j¸:¹+7/»v� @ G+éCHFa_��9�Gv�L�Ha). Ôj��H7I m8R9$o
2003 t 2 HETE-2

W3�v��¥+�
GRB

0$»3� @ G3éFHHm ?A@ �v��S3¥=�".=lAI$2�J
KL�_7D*L Ë),[M DA@�M
N a)�x¦POF��:
Q)S#R�¥=� [22] ( Ý 1.3)
o:lng_a)�:¢ 2

30 tF� ¹$�LmR8 Ô � GRB7�SH©vW�J7K3�F]3rDmF8R9R.�03B�Ä � S3> Ô �v7$m:8F9$o
GRB

0�ÞLß D3Ê 7 Z'ËUTH(5M_2!V+�R¬R�+7c�v©-.10�W_^'2=;7Xvm:ÜH9V¦ ¬ Ô�� 2+�R½v�+½�Yñ¦¬ Ô�� ¥R�V·£o��
ZV��J�¡3`c�3�Rm"�+9 ?0@ m ¨ �"�-�Rm[Yñ¦ ¬ Ô�� ^ ¦ oc¸)¹'mF7c»3� @ GLéH D I5E0GLé5HF¬F�va"�=9�GD�D�FaL0 GRB
S Ð"Ñ ¥v�$�3�H>h?c7=�vÀ D ^���\HW
]�^xav¬ Ô��¦�9/o 1 l5m�_�`"³'7

GRB a
b�c W GCN (GRB Coordinates Network)
a�d�e"¥=2

(1)GRB
S

Ð�Ñ ¥'�c�+�3W 1 7��_Â D GRB
7 S�;��H�_9$o

(2)e-mail
¬F�$m 1 7�f7�"S�gF¿�.:¢£2�G3�v�)S

h l5¬ · o3�$�L2 1 7cv®)S
GCN

a�iHêx9cox.�^-·5lH.cS h l�¬ Ô1� ^F9$o7j'k:7 GRB
�v�3��vWv]_¡L`$m

GRB
7��_Â3S#;7�Hm)�v93�)·°a+¬ Ô �FlH.L.12�GL�v�:7/¸_¹v7�Gvé0H:7 GCN l 7m7n W�oN¦ ¬ Ôn� �c�RlR.�a)�_¢£2'oD^ ¨ 7�p�. GRB

r'�D>@?BA7qLZ��L>h?�7c�v�LW'»r�La+¬ Ô� ^ � 2�K�¥'^/�D�v3® ¨-sut a'm � ^_9co
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Ý 1.3: GRB 030329 ý����� ����	�0�

�

Ý 1.4: GCN �0�������ný������
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1.2 Fireball Model

GRB
7�i3k_S����D�������
	���¥��� ¨�Ô � ¨�������������� Fireball Model

������ !� ���"�# �
. $  ��%�&�')(�*,+.- γ∼100 �/��0
132��5436��/7�8�9;:3<>= 	 "
?!@BA  C��D� FE "G;HJI�KJLNM  KJO�P

( QSR K
O
P ) T.U
V � $  I �)�5W -
X
4 I �
Y5 GRB
"
ZJ[B\ ��] A

E I D5 FE � ?!@_^J` �ba�c ^
`J" KJLNM  ( d
R )
K
O
P T/eFf � $ ��g�hJi "
Z)[B\ �>��j�kA  ; H �

( l 1.5)
]

l 1.5: Fireball Model m�n.oJp
GRB � ?
q �,<,(�r�%Ns5%J( ?
q I ���,�_t�u!Ev B H ��] <3(3r�%!s�%)( ?
q T_wJx \ � ^y
z ��{J|C�J} A �.��~ -C�)�,� 	>� &.�B� g # ��]C���
� <,(Br)%Ns�%
( i -C�)�,� 	B� &/�~ -��,%�&C'/(�*�+�- γe

� {)|��)} A I/�
��M  H ��] ?�q M  H ��� � i - " %�&>'�(�*3+_-
γE

g��
�
�
�C� I���� g H � � g,�/�J� A  ���i -B��� ���J� M ��BuC��]
%)&>'�(/*�+�- " γe

g # �S~ - I �/� ?
q I)��H B���
� A  ��S��� ��� i -������ 	B� &��
(hνsyn)obs =

hqeB

mec2
γ2γE (1.1)

g # �
[14]
] � ��D � ?3q }�6 ( ���.& ) � ?�q ����$J� �,g

Psyn =
4

3
σT cUBγ2 (1.2)

g # � ] $)$ g3� σT =8πr0/3
g $  ��sb�C �(5¡)¢>£�¤
¥ g3� UB=B2/8π ��{J¦3�3��§ � &�¨J6g # � ] \ �)©!ª ?3q ����$
� �>g � ~ -N��«3¬� c � � γemec

2/P ®°¯C±�� ]/�3��� � �Bg �
γE T t�² M�³

tsyn =
3mec

4σT UBγe

1

γE
(1.3)

®S��� ]J´3µ�¶ (2.1) ® ¶ (2.3) · E

tsyn(ν) =
3

σT

√

2πcmeqe

B3γEν
(1.4)

®S��� ] $�� ¶���¸ tsyn∝ν−1/2
g # �J$>® " ©�·�� ]
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�J�.§ � & γemec
2 T���e����B� ~ - I � ��<�(
r�%�s�%/( ?)q �����Cr;s §3� � 0�1)2��
	�&��

(� I ��Y ³���� A  >����� r�%;sS%�( ?�q ���/&��v=����Cr;s §��)© A  � ]�� ��! νe≡ν(γe)(
¶

(2.1))
I ��� �_g � Fν∝ν1/3 ®5� ¸ � $/��" �C¸ ��#%$ H �&��! I ���>® ��'(!*)+! � I�,�- \

� ] $��N®�$/<,(Br�%!sS%�( ?3q �/.)&;r��
Pν,max ∼

P (γe)

νe
=

mec
2σT

3qe
γEB (1.5)

®S��� ] # ���0 I ���;� ~ - " �;e)�B��§ � &�� E(t)=mec
2γe(t)

g # � ] $�� ~ -,· E �
P = −

dE

Dt
= −mec

2 dγe

dt
(1.6)

�.� �.& g ?3q T M�³ ����§ � &
T
1 Y ³,H f ]�¶ (2.2)
��¸

dγe

dt
= −

4σT UBγ2(t)γE

3mec
(1.7)

g # ��� g,� $  T�¥J� \ �J$B® g�2�3 � I γe(t) �J c Z 4 T65!�
$,® " g $)� ]
7 8�9�:�;.~
- ;=<�>@?�A�B(C -NT γe(0) ® M�³ ¥�� \ �>®

1

γe(t)
=

1

γc(t)
+

1

γe(0)
(1.8)

g �3© AED � ]@F�F�g
γc(t) =

3mec

4σT UBγEt
(1.9)

gHG � ]�F�; �C8�I >(J γc ® γe

; #�K )ML I�N ¸ �°~ - ; «�¬ ; AOD ��P $ � � ]+QHR�S γe > γcg&G � ~ - Q��  c t
;3c I �3��§ �=> T+1 H � γc T 6 I�U � ] � � γe < γc

;�~ - Q��  c t
;

c I Q ?�q IVN �5«J¬ Q�W · X I�Y�Z γe T 6 ; ����§ �&> · E #*$!f , - \ � F ® Q U�H ].~ -P ����§ �=> T+1\[ I e D � < A r < s < A ?
q ;
�(��!&Q νsyn ∝ γ2(t)
g  c ®^] I���_ \ � ]M ��P�Y ³

1 � ;�~ - ; µc < µ < µe

IJ� ±�������r�s § Q ∝ ν−1/2
g&G � ]~ - ;&<�>=? A�B(C - ; �,� ;=`.g�a K ;=<�>�?�A�B&C -�T γm ® \ �>® � γc < γm

; ®�$ Q,�\�b ³ ;.~ - Q�c d I «)¬ AED � ]=F�; N [ U 9 : T fast cooling ® N+e ] γm < γc

; ®�$ Q�~ -;(<�>�?�A�B(C - P γc

N ¸ #�$ H&f ;�g ± P c d I «)¬ A^D � γc

N ¸ f K A H�f ;�Q «)¬NT+h>±U3H ]@F�; N [ U 9 : T slow cooling ® NMe ]
��� ;�~ - I�N ¸ji�E D �����NrCs § I ~ - ; �
�.§ �&> �3� ∝ γ−p

e T�·3± ³ ¥)��T6k U [.® ��J� AlD �����!r�s § P(m E D � ]/�J� AlD ³,H � N [ U broken power low (reffer)
; ���!r�s

§ Q��na K ;H<�>�?�A�B�C -CT f e ~ -
· E Z o E D � νsyn(γm) p�q g�r D@s P �,® t/u�E D � ]t H ����§ ��> T�� Y��.~ - Q H e g f c 4 I «J¬ AlD � � S

Fν = N [γ(ν)]mec
2γ(ν)

dγ

dν
∝ ν−p/2 (1.10)

T�u � \ ]�F F_g γ(ν)
QJ���(��!

ν
; < A r < s < A ?Jq T6k U [ ~ - ; f e <�>�?�A�B�C - g3�

N [γ(ν)]
Q

γ(ν) T+� Y���~ - ; � !,g&G � ]����
��v �(w H �3��§ ��> T+�>e ~ - I 1 M�³ Q «
¬ Q�W · X

Fν ∝ ν−1/3 (1.11)

® U � ]�F D E�;�`)c I �3� \ � ~ - I e HJ³ Q fast cooling x�y slow cooling
;�z�� T t/² \

��{�| P�G � ] slow cooling
; |H} ; ����r�s § Q

Fν = N [γ(ν)]P [γ(ν)]
dγ

dν
∝ ν−(p−1)/2 (1.12)
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g&G � ] fast cooling
;  Q�� ν(γc) · E ν(γe)

;3c�Q

Fν ∝ ν−1/2 (1.13)

g&G � [14]
]@F D E�;�������� · E_�)´�� ; N [ U ����r�s § P�m�E D � ]

γc < γm

;
fast cooling

;  Q

Fν ∝















( ν
νc

)1/3Fν,max, νc > ν

( ν
νc

)1/2Fν,max, νm > ν > νc

(νm

νc

)−1/2( ν
νm

)−p/2Fν,max, ν > νm

(1.14)

® U � ]�F(F_g νm ≡ νsyn(γm)
Q3��~
	V; �,��§ �=> �B� I
��H�³ a K ;&<�>@?�A�B/C�	 T+�

e ~�	 · E ?Jq�AlD ��< A r < s <�A6�(��!,gHG � ]3��� Fν,max ≡ NePν,max/4πD2
Q
�

GRB
Z

[
 · E�;���� D
;��
�3g=;

peak flux
g&G � ]

γc > γm

;
slow cooling

;  Q

Fν ∝















( ν
νm

)1/3Fν,max, νm > ν

( ν
νm

)−(p−1)/2Fν,max, νc > ν > νm

( νc

νm

)−(p−1)/2( ν
νc

)−p/2Fν,max, ν > νc

(1.15)

® U � ( l 1.6)[23] [3][4]
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10
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10
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10
14

10
16

10
18

10
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10
2

10
4

ν2

A

ν1/3

B

ν−1/2

C

ν−p/2

D

fast cooling
t<t

0

a

ν
a

t−1/2

[t−4/5]

ν
c

t−1/2

[t−2/7]

ν
m

t−3/2

[t−12/7]

F
lu

x 
(µ

J)

10
8

10
10

10
12

10
14

10
16

10
18

10
−2

10
0

10
2

10
4

ν2

E

ν1/3

F
ν−(p−1)/2

G

ν−p/2

H

slow cooling
t>t

0

b

ν
a

t0

ν
m

t−3/2

ν
c

t−1/2F
lu

x 
(µ

J)

ν (Hz)

l 1.6: ����m����������� �!�" power law m�#.m�$&%�')(�*+(�%�,�-&.�/10�2�3547698�:1;7<�'=*>��?�@
" fast cooling m
A�BDC�ED" slow cooling m
A)B°m�;1<�'�*F�=?
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1.3 Epeak– Eiso relation

1.3.1 Band Function

GRB
; 7 < A 7Fs ?
q g&;���� U ����rNs § ;����&Q ,BATSE

I@N Y ³ 7&S ³ k U © D �)],�
X BATSE

P�� @ M �
GRB

;=` · E 30keV–1MeV
;	��
 Q g fluence

P
4 × 10−5erg s cm−2

´
µ�; f ;
�
����Q

50keV–300keV
;���
 Q g peak flux

P
10photons rmcm−2s−1

´,µ�; f ;
� }
156 � ; GRB T�� � g3] e�� I D D E T H f e/· ;  c��,g���� ¸ � 5500 � ; ����r�s § 23 T M � Band function[25]

g��	� § ��������� A  M �J]�F�; Band function ® H [ �	� § Q! "$# I m E D � f ;/g3´��(; N [ I ��© A^D � ]

E < (α − β)Epeak/(2 + α) ≡ Ebreak

F�; ®�$
fGRB(E) = A(E/100)αrmexp(−E(2 + α)/Epeak)

���
E ≥ (α − β)Epeak/(2 + α)

F�; ®�$
f(E) = A(α − β)Epeak/[100(2 + α)]α−βexp(β − α)(E/100)β (1.16)

F�F�gB�
4 e ;���� §
�N8�I >/J�Q

1.
��%

A [photons s−1cm−2keV−1]

2. w>����§ ��>�&V; ����r�s § ;�i
	�'�! α

3.
t ����§ ��>�&V; ����r�s § ;�i
	�'�! β

4. νFν

;�')(&; ����r�s § I)��H�³ . > rB® U �� ; ����§ �=> T Epeak

® \ � ] l 1.7
�

1.8
�

1.9
� Q���D D+*�D ; �N8@I >&J�; ���CT6��© M�³,H � ]�F�;�,.->� 7 <�A

7 s ?3q ; ���!r�s § I Q �)x ;�//P@G �>® H u � ]/� I Ebreak

Q
250keV T `�0 I µ�� 2 1 ;c I ��� M�³3� ¸ � 100 – 500keV

;���
@;��
��P�2 | g&G � F ® P ©
·!� ]

1.3.2 Epeak–Eiso relation (Amati’s relation)

Beppo SAX
g�� @,AED ��3,���
�HP�4�S�E D �

12 � ; GRB
I e H�³ ����r�s § ;	�.� T�kU Y��

[26]
]  c	5�6 M � ����r�s § (

3,�
�3�=Q!7�8 \ � ) T 4@S,� ® F�9�� 1keV –10MeV
;

��
 Q g   > �=� ?�> ��· EEm E D � Epeak ®;: � # : z ; �,��§ ��>�;,c I Q=< )�P u E D �F ® P ©�· Y�� ( l 1.10)
]
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l 1.7: BATSE "�o������ GRB m������ �=�=�	�m ;1<
'�*>�)m�
 ��� α m  �! l 1.8: BATSE "�o������ GRB m��=��� �=�=�	�m ;)<�'�*>�)m�
 ��� β m  �!

l 1.9: BATSE "�o����� GRB m Ebreak m1 �!
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l 1.10: Amati’s relation[27]

11



�
2 � Swift � � � � Burst Alert Telescope

2.1 Swift ���
	���
2.1.1 Swift ������������������� �"!�#

2004 $ 10 % &('*),+.-0/ D21 Swift
Q4365�798�:�;=<?>,@�ACB(DFEHG 1

GRB I�J�K�L >NMO
(2.1
3QP

2.4) RTSVUVKWL4X 3VY�Z + > GRB []\W^�_ 3a`CbWced [af,g�_�hji2kQ&VKWLlhnme[`WbCcTd &aoqp d,rQsWt�u UVvWw,xCy�z�{ > GRB |�}�[~IWJ�� Oa�Q� k]�,K,L >9M O R BATSEU 5 �9�4+WUQ�C� > ICJ4� O SN�]&���p 3 $��,& 100 ��[a�9� O GRB U(� �V�C��[Q�eSa���H�� O R Swift &Q��� E�G � � O \��~�NX BAT(Burst Alert Telescope)
3

XRT(X-Ray Telescope)
3

UVOT(Ultraviolet and Optical Telescope) U 3 � >eM O RN�]� BAT �"�9 �U 1/6 [a¡£¢ 3a¤
120◦×90◦ UV¥�wWx�[~¦ X §�¨W© >Cª,«�¬V _ 3 GRB []\�� 3C® U6���W[~�C��� O R ® U(�T�C[
10 ¯4�e°6& 1∼4 ±�² UV³�� > �9´ 3Vµ�¶ � O � @ & 3 KWLTUV·�¸�[]¹Cºe_a� ® U ced & d,r O R® Ua» XRT �.¼,½,I.J []�NS¾� � 3 5 ¯,² > �4�~�.� 3 UVOT ¿j¼C½ 3 ±(}WI.JN[a�4S¾� � 3 0.12¯�² > �e�C[]À��9� O R

Á
2.1: Swift Â~Ã (NASA/GSFC)
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P
2.1: Swift Â~Ã�� ���Y�Z

600 kmYWZ +���� 7 $'T+(-($C% < 2004 $ 10 % 20
<

	�
��� 
Delta II

Spacecraft partner Spectrum Astro����� � 75 ¯"��°]& 50◦
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2.1.2 XRT

XRT[28] X 3 BAT & � O GRB � �~�����*/ 100 ¯��,�W»��*/H& 5 ¯W²9Ua³,� > |.}�[4��/ � 3|.}TU6¼W½ 3 ±,}CI�J [�_6� � O R XRT X�������	TU s�
�� ��{e[�9� X § � ��{�� X § CCD��� 	 >����*E?G � � O R XRT X 1.5 keV U���� 110 cm2 U��������0����� 23 ±�² UVw�x�[4¿) 3 0.2 – 10 keV U��! #"!$  ¨W©�[~I,J > � O R CCD
�%� 	 X 600 × 602 pixels U �'&)( >���2E G � � � 3 �� *"+$  ±�,.-.X 10 keV &.� � ��X ∼190 eV

3
0.1 keV &,� � �WX ∼50 eV

>M O R
XRT &WX 3 �9U�/+0�14_ ª432 � M O R image mode X 1 46587�" M 1 p &�9 r�: _ 1#; �< 
"<$  [af,g9� O 1 ´C&�=+�T_ 1.> �6�? [A@�Be_ 3 ±W}4X > �]� � R ���~�.ICJ�_ 1  �CTUV��W[~�9´ O 1 ´�1 r &�D�E G O R timing mode XQ�T�*F ¶ X�G�H4&�_a� 3 CCD /<0�19_W[�I µ &_JI � �]±�,+- > U6±�}WIWJ���K�L > � O �e¢n&�_]� � O R photon-counting mode

> X������T�� }�MTU��� �"<$  [Q��N���/.0�1���U > �%O�PQ5�RS"��n� �*F ¶ [V��N"��T!U > � O R
yCzW{ JET-X Wolter IV�W�X�Y

3.5 m

������� 110 cm2@ 1.5 keVyWzC{NU PSF 18 arcsec HPD @ 1.5 keV\2�H� EEV CCD-22, 600 × 602 pixels\��¾�NUVIWJ2°�Z Imaging, Timing, and Photon-counting\��¾�TU ��� 40 × 40 micron pixels

4.587�"�O�[  " 2.36 arcsec/pixel

�! *".$  ¨W© 0.2-10 keV�W� 2 ×10−14ergcm−2s−1 in 104 secondsP
2.2: XRT UA\�]

Á
2.2: X-Ray Telescope ^8_A`.a#bdcfe (NASA/GSFC)

2.1.3 UVOT

GRB g b U*h�w,}C|,}9X�i�j9��� ® −1 k − 2 U�N��l	 >�m }�_6� � �H�N_���¢)n,´�o GRB
D

p »3o�q � � �6¨ > UVI�JC��r�] >4M O R UVOT[29] X GRB ICJ�K�L3s(�W� EnG n�t4´W�9U#hwW}CyCz"{ > o BAT s2� O GRB UV���a�C�!�vu 100 ¯4��°VU�h�wC}C|W}eUVI�JC��h3- >NM O R
UVOT

> D�E G � � O yCzW{"X�oxwzy 30cm U|{ & � ~} 5�� � ��
 	 � ��y�zC{ > 17 ±���� >
24 �<�TUV�C�C� M O R UVOT � Swift s(�C� E�G O S4� > o 1 �9UQKWLC� GRB UV\2�A��u?|�}
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I�J�[����6s��eS6��¢¾S4��� > � O ��¢ s����*n�RN��n�o������	�.s�
	� EnG � � > ICJ > � OS9� > , ���4X����Uxw y 4m U6yCzW{.s����9� O R
BAT � GRB [~\��]� O ��o UVOT XFhjm > �e� � � � D�UW� O���� " ¬V []�W��� O R����
s6¼vu G n � ½"X(���8s����s�� u G o�� �� >���� C¬ ��u �� , �CF�l��!�� O  �C���"��T[,_
ulN O RQ\���_�n GRB U Z∼1 U�����o ®]G$#(G&% �*��n �'� " ¬Q IWJNU�(	)e[4¿ % � �.o s* JW}6s�� O,+ c	-�. UVf�Je[0/"�l¢¾S9�n� > � O R

Á
2.3: UVOT (NASA/GSFC)

V�W�1
12.7

w)y 30cm\��¾� Intensified CCD\��~�NUVI�J*°�Z Photon countingwWx 17 x 17 arcmin\2�H�TU�2 � 2048 x 2048 pixelsyCzW{ U PSF 2.0 arcsec @ 350 nmt,u ¨,© 170-650 nmIWJW¨�© U�3�4 6�C� B = 24 in white light in 1000 s

4.5A7�"�O�[  " 0.48 arcsec

O�P 5�RS"W±�,+- λ/∆λ ∼200 @400nm\��H�TU6\���	5A�!� V = 7.4 mag� �6±�,.- 11 msP
2.3: UVOT U�\�]
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2.2 Burst Alert Telescope

BAT[30] XAIW�,�+o?¥,w.xNU6\e� � > o GRB [H\e�(_Jj�¯ > 4 ±,²�� °]U6³.� > �T�~�,�C� O R® _V�(K,Le[ GRB U c d�� ��� E�� �.I,J"� O �+o M O � X ® UN�,�aUa·.¸ > IWJC� O U6� �.�UA�e[�o GRB U����	��
��¾U6�T�������� O E ���6I�JNU������'u����"_�o � � E�� O S"�Js,�G� K,L3s ® U ced [~^|u � O (
P

2.4) R
BAT s�X 2 3�4TU]I�J ª962 � M O R GRB �~R�{�� E G n����6U�0!s�D�E G O bst

ª962 ��o�! U�"$#$%$&('Q�� �) �* > [ /��4��� � O ���]U survey
ª".2 ' M O R bst

ª�.2 Xa}�M�F ¶[6��NW��/!0�1��NS9�Js �V� � GRB U~�e�N��O�Px5%R "4U � C¬ [N�4p o survey
ª".2 'WX�ofi� E�G n���± � �$+��¾U!O�Px5xRS"�F ¶ U�0"[#/<0�1,�eS4��' u � � ��O�[  "�'"UV¦ X §) * > U � "¬ [-,qp 1C� S4�n�.'x� O RÁ

5.1 �!/"���T¢)s�o BAT X�� �10 4 ��U-2C±�'�2 �2E G � � O R�� � 3 3���4=pjU CZT 5�M��6'�¾�C´ u G � � O \���2TU � ��7 5 ¬Q �%� > (Detector Array) � M p o ® U	 c s Coded

Aperture Mask( 8.9 ) �(:N� E?G � � O R BAT U	;��.s�X=<���#NU->.?e[-@�A�� O PCB (Power

Converter Box) o ® _a� Coded Mask U > �]�?=B�C�� ( 8(9 ) U�n.´�U �  { �.f(g�[V� S~��¢
IPE(Image Processor Electronics) �.�W� EnG � � O R � �D7 5 ¬a �3� > 2TUFEW�T[*�.�<s	G��
n(´�o�H  RJI > ( �.K0p ´��<u E G � � O R4�#n�o mask � � ��7 5 ¬V �3� > UFLe��s�X�s�XM >-N ?*� � O�OQP §4U#��� [ m�R2E�� O n,´�s Graded-Z �.� �.G O o (�S R �.5 � «UTFV o ¬
 ¬ "3o,�.��o	WX'�2 ��E?G n s�Y U�Z�[(\�].'(¡!E G � � O R

Aperture Coded mask\������ 5200 cm2\2�H� CdZnTe\��~�NUVI�J2°�Z Photon countingwWx 1.4 sr (partially-coded)\2�H�TU�2 � 256 modules of 128 elements\��~��5�MTU=) >�N 4 mm x 4 mm x 2mm\��¾�NU PSF 17 arcmin

�! *".$  ¨�© 15–150 keVP
2.4: BAT U#\�]
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Á
2.4: BAT ����� (NASA/GSFC)
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2.2.1 Mask weighted �
10keV []�"� O �T¢ �(¦ X §6o�� 
�� §4X	\]+se� O � � ������²C���� 6s
	 E 0 o 10keV �� U X §Wy�zC{NUT�T¢)s � ��{e[8D2�*n6¼C½�ICJ"X
�	 +s�V���T_ � R ® S�'.¦ X §6oF� 

� §U > �~�? [¾¼ O sWX coded apreture mask(

Á
2.5) � � ¢zo M O ���C�#n�I ¬( 
 '��NU M � n� O%56[�D���n � ½ C���� ���Q0 U � u G O R BAT '�U � u G n coded aperture mask X�o 54000� U
� ¬ > " (5×5×1mm) [�o ”D” U��TU���[C_�n�o���� ® 240× 100×5 cm U������ C����C«��V I3 #"����sQ�4´'u���n=I ¬Q 
 s� "!$#�%<N'u#n ¿&� '3o�')(+*,�#��-|u 1m /..s!:,01 �2#�354�6 mask 7 50% ���"8 > ":9 50% �=L<;�9>=?�@3s5A�B/C V ��DFE6sF��4�G2Hds!:�I1 �5#�354&6+J�K�=FL�MN24�9 ��O2P$Q G�!R# ZTSU�2V�2FWF= CZT �+X�J�Y QFZFO2P �+[<8�\BQ�]^ 3�V�_a`/bdc$4
6fe/�
_2�
["8/\�B,9 ZO�P ��g<hF`29,ikj/l�mF��I�n�l�op�q,�
r�s<`t e+�uHv6

e�� Z�OfP `$wxH$e�9�G�!y#�j GRB �+z20+=F{�|�S��"4&}F~�oF�uc O��aP2�k� `y���N,4�e�9� oa��4
6 GRB o Z�O,P =���S 1 �"4�9/�&j��"���<`$���<�/V&JFKF=,�+�F'a(R* Q5� !&V&�FW�`���+��� A��B5� Q o���4
6/��.5j GRB �/�f������-�S��&J�K��� �¡+¢5j+£�¤F¥F�F-�S$� 2 ¦ X

¢���§�BR¨ � By©�ª��+#/J�K�=�«a8�¬ �f _ Q�® !RV+�FW  '�(y* Q �&¯ V�4  oj
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2.5: Coded perture mask (NASA/GSFC)

2.2.2 CdZnTe ÃÅÄ�Æ
BAT

 ')(Ç� Q 7 32768 È  4×4× 2 mm


CdZnTe(CZT) É�Ê��FË�K�=�w�Ì�±Í�3�4�6eÎ±
SÇ7 2048 È  CZT `ÐÏÑb �Ò zT9ÇN,4 16 È  ÓÕÔ�Ö ³ P/×�Q W�~aSØ±,j+Ù À m
ÚFÛ &Ü�Ý j+'Þ Q 72e /Ô2Ö ³ P�Ò zo�ß ® Ì�±2V�6 1 S Q�Ô2Ö ³ P 7 256 È  CZT ` Ò zT9>N24 8 b &ºÐàá P 8
\�âã�ä�\ �fQ Ìf~aSÎ±�4
6,e +º:à á P 8/\�â5ã�ä�\ ��å 9 Q�æ�À }f��ç
è�=�é�ê"SÎ±
4Ç=5j5ë>� Q 7 128 È  CZT

å 9 Q W�ì 1 ±2j�²a¬ � O�í�î�ïFð�ñ j � Ö B � ç&è ]Fò =��óiÑô
~�S�±�Í3f4+6 1 S Q 7 º�à á P 8�\�âFã�ä�\ � 7 2 b /õ B5�/¬�³Îö)9�GÎ´�±)4y�FW (

Â
2.6) -

S ® ikj õ Bf��¬f³>ö Q 7 16 × 8
Q

128 È  CZT =�÷Føo3,4�6
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2.6: ���������
	������� (NASA/GSFC)

2.2.3 CdZnTe ������������� µτ( � �"!#��$&%'�)( )
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< �5Z>= ��? (Ge) @A�B�C o ¯ED V2F���G2��j Si 7IHFK8J�K)@2L M�N�V�|)O�P1Q:@8L M�cvj�, X ¢8-R/ Q 7
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Í)NE0VF�MFS Q u�w �x2y � 6.02[g/cm3] 5zW"N  oj^, X ¢ Q�{ N10^-R/^|2}8@ 5»Í � W1N2F �~ Ï b  U�� ® ¼8�E7j&²��5� \1_ ³»¨2@ 1.52eV 5��  É�Ê��-R/V3�5^�)��Í
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/.3+ª  Ë�«)@2¬5�Fo ® cÑj�Z® å 5.¯I°EQ8¯�´�±Rb2�²@�oa�$Í��Z* ~ V�|j
Ë2« å 5.¯I�� <`³�´bµ 0�i�j)@ ¯ 0�F
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2.7: 32000 ��� CdZnTe � 57Co �����
	�����������
�������

�2�<` τ 5 µ 0E5$j
Q(t) = Q0e

−t/τ (2.1)

5 B Ì�M»± 0:F:-+/²3 8åb_ ; � ��8y v 7�j åb_ ; � V� k y µ 5�É�ÊF� �í  E ¯o� D Í�j
v = µE (2.2)

5 B Ì+M�±�0�F�è��1Â Å t @�� 8å2_ ; � �8y ¯&� D Í ��!#"�Á ñ%$ Í
G ± � k $ Ã'& � x
 (�)

7 x = vt * ¯ 0  *,+ 2.1 7
Q(t) = Q0e

−x/µτE (2.3)

5�-o0�F.�0/�+"7 í «�5 Ý8Æ �b�"±.¯21�3�Í)7&*546�7�0/ 2 89/ í8� /;: $�<9=
> @7��? Ê ¯>Ë
Ì+M�@ 0BA#? � 5C-10VF9��/0D0E�?�Rª�* /'? �2Ó�Ô�F °Z¯#8�G0H9I Hacht[31] ¯g�;J�H,K�L,@ HM 4N�

Q = eN0

[

(µτ)eE

z

(

1 − exp

[

x − z

(µτ)eE

])

+
(µτ)hE

z

(

1 − exp

[

−x

(µτ)hE

])]

(2.4)

OQP =�R @TS�U��#��* (µτ)e I;?�«7/ ��V
y O ���%/'W7� (µτ)h I�X Y�Z[/�\ V�] /'^�_`/'W7� N0

I�a
bb¯:æ2Õ $ Ã å cTdfe ß[� z I;g5h�i7/�?�j
k[l#/�m R *`3`S�U.n#JCH.�;/'+ 3.4 I0m R k[lo n,J�H�p,q9*.r�S0s c2dfe�t#u#v2(Cvxw o�y S O G{z�| O'}�~ $ H
G%S�U CZT / (µτ)h I CdTe

/���@�n.4'1 2 �9� R G
��� o
���2� Z }
� r�� ��� �;�9� -
�9�0Z �7Y��9� (�v }'� 4Q�
���� O -xJ�H G[S [35] U
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2.2.4 CdTe/CdZnTe ���������
	���
�
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| O t
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�
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=vu } D�� o & � (µτ)e
=�u } $<w9��j <�=#�>�'�'� Z</ �#; Y � x7c#y ��Z t (µτ)e

o�-
. &�H`G[S�| O t
= LxS;U � 2.11 I�z o (µτ)e

=�u } D�� o & � (µτ)h

=�u } $4w`��j <�=)������ Z</ ���2� Z,{#| t (µτ)h

o�-). &�H`G7S9| O t
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2.2.5 µτ � � 	��� =
µτ W }�� �9�.S0��� o a���n[�
	���TS = I � α � } ��� o���� & ��� Z �#=���� 6 t

9�����L��f\ V#] } � h���� 1 L � µτ
} � O �.SCk"!,/ A$#&% α � }�')( ��*+!�,�-�.%� t � α/�� , � CdTe 0a/ =214365&798+:�t 10µm ; �+< o�= ( = / � α

/�� } ���?>A@ # ;fgxh�i�B�C=4D �FE�G)/2H ���'Z � Y } s cxd�e o $�I"&KJB&)I ( � g2hCi�B�C =&L�� o�M�N }PO)Q #�R �9tBA$#�% �
|
/ �TSVU�W =�X+Y � t � Hecht k :�Z\[ �\K�] w o �9��Z
�%Y��
� }&^K_ Z#%�& � X

� �����"� Z [ � ��� }�`�a�b�c � #9d & ( *+! }4e�f &,� [6]
%&X�Y �9, ��g � t�h�i ��'7} R

|�&#� ?�@ � CdTe/CZT
=2j ( � ("k)� ; ( z C : }�l&m & � �9��n9�po��
� }�^�_ n#%'&#� %�>���� n opq J\,
� # |); o n4rTJ � s\s?tvu = µτ w<743 =&x �zyp{ o)| }+}p~
� � ~ y2� o

n�r�J��)�9� #2%

2.3 SwiMM (Swift Mass Model)

2.3.1 ���)	?���"�������
Ap#&�4� � �2n`�$o = g � t �"� &���;�r � A$#K� ; ~ =�u�= � n ��� � � }�� � =,t��\�5w

74����i</ Ap#2% & [ &��V��, ��� �9��n`�$o = g � } �"��>9@ J�� � ����i</����� # � n �� � � ,4����iz�&� =2� +,J�� o &#� t rTJ�� � J"�9� #�% | = ����i [ ��� �  # � n ��� ��H=&� +#J\� } ���"} v ;#nP¡ % �z��i�0 o K�¢ > [�,�9��n`�)o o � � #9£�¤ ��� o ~+( J+, �
2.2 /�¥\¦%� t � |�|
/",4����i o��+� � # I
/ = C : o�§6¨ &2J��\© } R |v7 z %

BAT
t+ª � � #P« X � =�¬� o R ( J,��� }�l w # � � � S 7�® � � C : , g �V¯ p�;&° y�±��yP²�³�tBA�#�% > � o |v � o�´ w�J � �$µ � �#��¶#� ;·¢ � %�C : }2l&m � #_R�S�tEA�#K% ;

9¸� Q ° yK± � yT²+³ ,2| =2¬� o R ( J�¹\º w 7�C : / Ap#�t �2g � =2»\¼ o n�rKJ � v o J½ � #>= / � K"] w o2¾ ��|);P,�/5r
7 ( % � |v/ � ° yK±�� yT²+³ }K¿ w�� # o ,4���TÀ�;��=KÁ"Â�= ®"Ã+º @ }�l�m &#� ^ y �pÄ n�Å�!pÆ�Ç #�v,u�È�É /pÊ�Ë�ÌpÍ�o�ÊÏÎ y�ÐV#>=4Ñ�Ò�Ó�ÔÕ Ap#&%
[7][1]

2.3.2 �zÖ�� ��× Ø�Ù�Ú �������
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Geant4 (Geometry and Tracking version 4)
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2.3.3 Swift Mass Model

Swift Mass Model
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2.12: BAT 46587:9�;�< ( =?>"@�A"B C The Extreme Universe in the Suzaku era DFE�G�H2IKJ6L.M	NO2P
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2.3.4 QSR�TVUXW
SwiMM

��6�z�Y��
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T = hν − I (2.5)

����� ��� õ ù\ú& û @ [ � ©  fi�i ��² I
6 � � �8� ' X$mÞõ ù�ú	& û @ �$²8�����%� Z�G���X�?� � ��!

n
�4ù�ú	& û @6v O$' © ��� 6

I ≈
Z2

2n2

(

1

137

)

mc2 (2.6)
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T�����ù"úG& û @(2�± �	T�� u�y�� o �  ��x � õ�� u 2 � 0�� 6�² 3 2.13

�()�¦§' ® õ 
T�� ��ù)ú�& û @ [ 0

£ � -���-��j��� ���_� 2 ² ± �+ù)ú�& û @ 6��	��6�{�
V� � � [)*v¸ø � v O�' J ������ ' ¨�� � � u ²����G&�� @	u b ��� � ® + �
M



(n=3)
²

L



(n=2)
²

K



(n=1)
®�- � � ���?t�u	���	&	� @ '�� m � 2 T��$6  ��x ��� ² y�� 6 ���

x � �  
2.
c � t � �"d%e
T���������&�� @

hν
u � �j��t�u	�	�G&�� @ )Qv � 3 � ² � �X� ��� �	�G&�� @

511 keV)?v��*+ 2! x ��" 'GT�� u ����'.y � + �$# u$²�T��������8&�� @ 6�% ��& �$'T����('
) ��� u % �*�  �i � d%e [=�!+-, � d	e 2 � ¦  T��������	&�� @8u � ���/.�0 ��� ���
&�� @ '�g I�1�2 � 3 ® � ® + � � � 2 ² d	e 'Q)�+ � T�� 2 � ��� D '�²����8&�� @ ��3
v 2 v u�4 i �  �i � [�c � t � � d	e 2 ) |  d%e �8R�S

θ
2 d%e�5�6 �(7�8�!

νi

²
νs
2

� 0/� 6�²����G&	� @(2!9 8.��: ~�; £ �
1

νs
−

1

νi
=

h

mc2
(1 − cos θ) (2.7)

� J �  � �
1 < J � v ²�= v � ® � T�� u R�S θ

�?�	�(> & R
dΩ
' d%e x � ��?A@�B 6

� <�� �
- C�D �AE�'*)�+ �

dσ =
r2
e

2

ν2
i

ν2
s

(

νi

νs
+

νs

νi
− sin2 θ

)

dΩ (2.8)

2 ��� ��� �  �i � [WE d�e R�' © ��� B � I�� E ?�@�B 6�² hν � mc2
��6

σ = σT
3

8

mc2

hν

[

log
2hν

mc2
+

1

2

]

(2.9)

2 ®-�  
3.
� �f) � ��g	h �
T��������G&�� @�u � ���(.�0 ��� ���	&	� @ �

2 F z � ' ®-� 2 ² � � 2 ) � � u�GIH �h � x � �KJ�L u$J �  �i � [ � �
-
) � ��g�h ��2 � ¦  � ��g u � 3 �KM � [ 3 '$N m� 

i � 3 ��6�²(O������G&	� @(P�Q '�R?+ I v�S � + �$� �	� ���
1 < u 2mc2

z � �����&
� @ ��T��X[  � I ��T �����8&	� @/P�Q '$U v ²WV ¯�� J?2 �$O P�Q

1 < � T�X u � 3 �  i � u ) � ��'�Y	� � 2 � ¦[Z$� J � �*I �$� �  

[11][12]

(
i �A\�E & ' �I� + �

[2][6][5] [8][10][13])
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2.13: �������%4��	��4�
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3
2.14: 2mc2 "	# 4$��������I�%�&('�)�*,+�-/.�021	���3����I�4�576�89'/:�N<;>=2'@?�A�BDC2E %GF��
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�
3 � � � � � � � � 	 
 � �  � � �

3.1 Mask weighted �������
Mask weighted ���������� "!$#&%('*)�+ 2.2.1 ,.-$/10.243658749*�:�1+�;6<>=.?(@(3BA:�DCEGF + 150 keV HJI*7DK(LJ31M1NPO$�:Q>R1�$!47DS"T(UV%XWZY([�04\]0P^ ¦ 2._*`�aXb>cBI(71R�]!>�$��� ON/OFF 7ZdJ3P=feg=ih&` GRB K1Lkjld$0(mDn F \]0J^ ¦ C8a�bVc�+ 350 keV ^>,7>KJL]7 �Jo %�p:q*W�r.sP,X<(��7t,�`B5�7>u �Jo %:pvq4w*x]7DK1LJy.z�W4{*n1|"���]}~�(= F� ` Swift �*��,.�Js�� F � GRB 7 Epeak 3��Bh���e&�"^*�:�]}~�1=$�4=B�.` GRB 78�*��WZ�e(}g�(,t�(�:=�y1zXW1m*b(0Z�PO�e�=]��Q��1�k� F \P�v�DC

3.2 Mask weighted ����������� �¢¡�£ ¤�¥�¦¢§ ¨X©�ª «¬
BAT ,.'J)X08\��v� 150keV H:I174®"qPT.WD¯J°$08\:�t "!X#±%�WZ)6��21_*�*` Coded MaskWV¯J°:0D\�²J=]³´\J�12>µ·¶8!Z¸J¹Jº8»:¼4W.m·e¾½.¿]WVÀv7Z9.�J,�Á.ÂX04=*Ã F � =�Äl=J��CPj�³Q.jZÅ.Æ6Ç4,(È:É1=t9J�:+ GRB =v�(7BUZÊX»6#�3BAB�4ËkQ´Ì]7JÍ*ÎDw]74®�q�T(W�UZÊX»6#>Ï�7®$q:TVn·Ä8m·e4Q>�i}>j87�,:Av�DC E 5Z,X5�7vU>ÊX»6#ÐË�ÌB74®�qPT.WZµ�¶t!4¸P¹:º.»:¼JQD08\'�hlÑB<D` E 74®�qPT.WDÒ6³V\ SwiMM W8°��J2tÓ]»DÔvÕ4%"Ö�×"ØZÙvÚDq(×·ÛV»4,tÜB_J28a"bVc7ZÝJÞ$ß>àv�X������ "!$#&%XW>á�bDOB�*5:QG�:0�21C

3.3 SwiMM � mass model ¨ µτ âäã ¥å�çæéè
ÂPê1ë*ì�� F \��v� DRM +P`4íXIDÁ*î�Q~í$IDÁ*îXWZïX0.2DàJð�Ó�®J%�WDñtò:O]�*5vQó,tÜv_2 µτ WDÒk³V\v�]�tC µτ +]ôP»8õ�#Z»ZöP÷fQløX2Pù]�P^t�vWtO��(7(,v`B5�7BúDÀP3Jû601�*C�Áü `výZþP°:�(\:�12J`�Ý*Þ�ßZà�W1×"ØDÙ�Ú8q1×�ÛG»��X�(³>\.½Jÿ�O$�.2(_P7 Detector Responce

Matrix(DRM) ,(+1`����:I8,�)kÄ F 2 80 keV H1I.7ZÝtÞ$ßóàP�����	�.3�
B³�\J��2(C�5D7�	�v×��ÔJR�Ô��&¶�! � ¹tq>3 80 keV HJIt�	�1�t\ 4% HPI��(��\B0*^4�*`G'()$0�2(�� X!$# %:7 Epeak�.3����X0���e*e±=X³V\P�J2.C5D7����$W��PÃ�\$^��1`líBI>Á(î*,(°J�.24à1ðJÓ4®1%B7	��� �B#�!´W#"J=��P0�2.C>O.=�$&%D`´íI�')(*!,+�ÚDq.×·Ûl»87 ü ��-�.$04\P�(2�/�0v7:T#+6ÚP¶P# 78õ]¹��	16¶�!V���J�D\�2�3�4POB�8C^82)51Í.��Á*îv��ÒJ°]08\��*2�õ]¹(��1k¶t!óÿv7���6kj87v�P`]5 F ÄZ7DK*L]7Dö*÷�WDr�9v��7:��15�QV��0t2(C��:�:`��X� E 120keV H);(7*�� "!$#&%v�:ô1»Zõf#V»óö*÷B7=<�>J3�?:@k� F 2A)B 7(Ó8®�%�,�+J`v5 F Ä47�õX¹.�	1�¶t!Z�X�(�GöJ÷�W-).X0�\��J2*7�,(Á*î�,()Ä F 2 120

keV H);*7Z®XqPT.W	C"Q8DB� (µτ)h 7=Ek�.�4�"�.�*jD7�Q [:E)3�4$08\��(2�FHG��13�IKJ$� F 25PQG�t=B�DC E 5V,�í]IZÁ(îJ,t)kÄ F 2.�� �!]# %$W>-]/4,$<(�8LHM�, µτ W�NB¹O�Zq*T�QD0Z\	PQ �l|v`����$I�,.)·Ä F 2�R�S*K�0:T�UP,�A:� V n:�D��W&X(71�� �!$#&%�W>Òk³G\�3�4JO$�8CY U6Ç��1+*HZ;t,:AB��C]5 F ^Z,B7 (µτ)h 7�ðv� 1.0 n·Ä 2.5 ^Z,�[]ÃP28ð:,�\$2.= (µτ)h W
SwiMM ��]P°:0D\�Ý(Þ]ßóàXW EVF_^8F ½�`$0�`15 F ^V,t�.s6� F 2>®]qJTD7:ÏVnkÄ~nJ�8�	W�WG�sX0(24®"qPT4,B�t "!�#±%�W4½ hg` E>F ��½)`X0t2�Ý1Þ"ß>à]�X�(� power law Ó�®P%�W:aO��¶:#
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OX��C�nv�8�:W$7 1 keV �:�1ÃX�DÉ��BÍPÎ.`JA12�h´7DKPL1àB+ 10.0[counts/sec/keV] `(K*L��1à+ 2.15 ,:Av�15:Q.� F \��B�87�,�` E 7�NX¹K�DqPT.W.A�\P+*_*2�Q�<�7�Ó�®J%�,HaH��¶v#l0t2�Q<>�P`P�(78Ý1Þ�ß>à:�X�t�DÓ�®J%J3v�K% � D*n�����W$74®�qPT.W]�$e���}±3$�·}±n��	��0.2(C E7�)�()·Ä F 2 1.8 QV�·},�(à�W µτ ��[vÃt\ EVF W4°P��\v×XØZÙPÚ8q.×kÛG».0�`.�� �!$# %$WVÜ_J2�Q�5	
�`�C�����B�_'_(*! +"Ú8q(×·ÛG»D,.)·Ä F 2J�� "!X#&%QóÅ���0t21Cv^�2]587�����W
�B5>=i}V5PQl,J`��(M(N�����$v2v³ó\����XW��.��Q�|��v�� �!]# %$W 2(ÂJ,X<(�15PQ~3�$1n"³Z2tC� Ì]7 ��o %:p�q4w(x$7����*7! #".,J+J`v5(5Z,	2:3�4k� F 2 µτ WZÒJ°1O$�*5�QG�(OB�8C
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4 � � � � � 
 � � � � � 	 
 � 
 � 
 � �

4.1 �����������
SwiMM ���1��\J`�×]ØVÙJÚDq�×6Û´».W��B5>=�}ZQ8<D` ”photon generator” ,8K1L]W���`*OB���x]7�� �XW��)�PO$�8C$�t^"!$^4=_��� �B#)!�71×�ØZÙvÚ8q(×·ÛG»����J�t\:`��$#V7=@)�PO&%GKJLW�')(*�*+-,/.	�102%)3547698-:;%=< �?>;@"A*BDC GRB EGFIHIJ)KL6 ALB*M U C '*(ONQPSR&4":T�U9VOWIXDC9Y R?%ZJ)K?[9\]89^`_baDc�dfegHih)j C2k lZm]n9o NpP-R=J1K96 VOW�X?C9Y R?%134]q�r;s C9t P m a uIP?[9\9H=�9vL�9�)6 Y P wLx)y9EDa"z CiA)B E{F�u/P2[1\9H=|)P-R"}-~"EFZ[O4QJ1K&,I�)v&� m q A1B H9u53 C q k F�^`_�^ l�m �9c���H;E2,��)�?R*<�9� 4"� m @ a=J1K1�9v)�)+�,I�9�SH=� �L� 8 @ ^f_�a)�1H"�O�L,{_Le�� t R9a t d9w)�)�SH�*+58;J1K&,"�;}L�)� Y R�egH"�L�&,*�9� C � m �1v 0S%"<1�)H=�?HD�Z�&, BAT HD�Z� ( �1�&�� ) 4/�1� C �]a]� 10cm H"�S,i�i� 20cm   ¡;¢G:&_�� m5tSl�m a V�W JLK�,I�)y&� m a/J1K2H£L¤ H/¥¦e¨§ t ,/�)�5R*<�©?ª CL@1Y Fp«�%p¬998 GRB

@;® � 0-%iHi8 a Swift
A*B H TL¯ E�F[L\]8)^°_ba N;c�!ScI^ �2± E²F7JLK16L')(GN7P�%L354 C ^S%=<L� 3I8;J*K2H='L( �?± , BAT H�*�)³LEGF�´ m9t _�¡iE*µL¶S,�·1¸ m a ¯=¹ HI©)ºS,�»9^ l R*<�µL¶S,�·1¸S%L394p8 Coded Mask¼ A)BL½9¾DC&¿]lIm;n1o NpPGÀ�J)K-H�v1yL6)·)Á 0SÀD4Ir]¸²F7P²À�E{Fp8 Y À=<Â

4.2
@;Ã)Ä 6)J)K1Å)v1ÆL+-H��SHD���1E�F/HiÇ*|2aiÈ Ä?@ BAT

M)¾ H V�W J)K1��, 100% 4�]R&4]:iH�J)K1� 8 Y À=<"Å1v)Æ)+)�9E{F T�U J)K16 V�W�X?C?k À;H @ Â 4.3 a 4.4 H&4ZÉÊeZ�I�E 55cm ËL¶�cI8L8 Y À/<L�;H=Ì1y{4 Â 4.2 H�ÍLP2Î�6`e�6 �;ÏS� m t À�< ¿*l�m �IP5Ð ¯ H�JLK@;n1o v1y)6)ÑD8 Y À"<"'9( �-± 6 Â H θ = 0◦, φ = 0◦ E�Fp¢²:G_� *P�À"Ò5u*< n9o v)y C&¿À V�W J*K2HI¥1§?H £L¤ 0SÀ�< Â 4.2 EGF�a;Ó&Ô�Õ Ö4q]Ó²×�Ø],I»9^Ù�/4;: @ JLK*Å1vLÆ]+&,��i�
300cm ËL¶ C 0-ÀD4Ia"µ)¶ C-¿ F�  VOWIX5C;Ú À T�Ú (?a n)o J)K�,;Ò;Û90L� m*ÜLÝ 8&:*À93D46)d1E l R*<"JLK1Å)vSHD3iH�Æ)+ C ÉSN=Þ?À)3D4p85a;ß]àSá1â*H=ã1ä C ¡L^]6OÀ54gå1æ18&:*Ài<
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Â
4.1: ���������	��
����������� BAT ��������� Y � �"!$#�%�&('	� theta ) X � �"!$*�+�,-/.0�
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Distance from the BAT Center [cm]

Â
4.2: 6 5cm �87:95;:<5=�>�� ” ? ” �@!0;:<�ACB�D�759�E$F�GH�I(JLK���MON���� “ ? ” E PRQ���! 5cmS:T�UWV�XZY$[ � V )�\]B�,^_�5J_K���MZ��`	acb�Ed_e_���Rf��_g ” ? ” �h5i:�W!�PQj,^���kcl:^�)]m

�_g:JLK��nMo�c#$pcIcq�,5r8D�1�s�t�E 100% 1 Y D�1 V �5JLK���MC�8u�v �]w5x	I�yc# (theta=0◦phi=0◦)
�"!8)�z�xcI theta=30◦phi=270◦ �"!R)�{�x5I theta=45◦phi=0◦ �"!Z7:9jE�;5<WAR|�D�1 V ��}�~���M
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4.3: FjG�HL��7:9:I����WAZBnDn1 V �����L����#5�
	��"!86 10cm ��7:9:;�<:=5>(� ” ? ” E_P8Q��"!

5cm � T�U"V�XRY�[ ���������� a�g ” ? ” �"!$y���� Y D���a31
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4.4: F�GH_��7:9cI � �WAoB(Dj1 V � � �_���L#c� 	�g�PQ:�@! 45cm( h�i ) ��?L�c\_s8�"! 5cm � TU@VnX N�����P8Q��"!oh5i 60cm ��1�s	t�^L) y���� �:I � X � r�D5�32



4.2
����������	�
���������

��� æ������ 30 keV � � 350 keV
��!#"%$ � �'&)(+*%,'-�. � m t À'/*Ó-Ô�Õ5Ö10*ÓG×�Ø * »^ � .32'4 � �#57698�: 0';)< ��=?>@* Å9v�A-À �B.DC)E?F ^ � �)G°�IcH�Gq/^ t C a9� � ;)<Ð ¯ �35�6�8I: 0 *1J ¡ =7>7C?K)L ¼?M@NPO 49Q�RTSDUWV@.�2 q9X9Ø1Y[Z�Ø n)o 4 ¿)l�m 57698: 0 *1\ t#]/Ü#^ M%NHO 4�_7` � m 30–350 keV

�1!?"+$ � 4'a)b A2À ¿ � 4#c À1/)�P�S� Q#R SU+V�=�>+��J l�m t À 5�6d8e: 0 C�f A?g&À . h1j .Dh)i7_�` � m 5�6d8e: 0 *'\ l�m q)j'k�ly c9m)n�o�J l�m t À � � 30–350 keV
��!)"+$ � 4 � a#b � c t /)� � � ] Ó-Ô�Õ5Ö'0*Ó²×�Ø *» c � .32P4 Å)veA2À =?>%��5�6'8I: 0';)<I�5u � jP� f tdp jP� E)F � * �#q&� V /�?q �)� . � me]?r�s�p * 15 keV
. � ])¯�s * 400 keV,500 keV...

.
100 keV É 2d4 1 meV

jP� ] � U �t� 1 MeV,2 MeV,3 MeV jP� . � ] � UBudU%�#5�6d8I: 0';�< �d!?"W$ � * Ó�Ô�ÕÖ�01Ó²×�Ø'� _ v&� V /9� � ª ] j� e� ] =7>�C n)o SvU ÀZ¥1§ C?wtS t ¬ § * r*¸-À V Þ ]=ÚR µ C%x ¯ (θ = 0◦φ = 0◦) �y�vz 2{C)wtS t GRB 060813
�

BAT
M|N á � Ú R µ *�` t?] Å1v

ASÀ =)>%��5�6'8I: 0 �7}�~@� Z 8 � power low � ] � 29* 0.0
. � V /� 4 ] ÓGÔ=ÕDÖ901Ó$×�Ø���� 2 ¯ C l V 15 keV–3 MeV

�9=�>e�7��.�!�" $ � ���3� 8 ] ©ª 4 GRB 060813 �7�I�²� V������3�+�+� Ø+���T0�� *#` t1m�] � 2 1.0
�

power law
]

flux

5.5×10−6erg/cm2
]���� á â 10 � ��=�> �|0B� *��e� -34�_ vO� V / �{U j'� S j9�@j c?K?L

���?�S� V GRB
�?}9~W� Z 8 � power law � ] Epeak

* q�¡-q � �7�e�5À'/ �DU jH�#�#� SvU%V
power low

�#}�~W� Z 8+* qZ¡ GRB �)�70B� c q � � ] =)>)� � 1.0 Ò9u'��� À (
MWN{O � M%N s

� q'�5À � � ]{� 4'fe5?6�8�: 0P 7��� Epeak
C#¡)¢ ASÀ � �Gq=� Uec t ) /�£)¤ � GRB � Epeak* q�¡ }9~@� Z 8B� �e0B� c q � � ] α

C
1.04
]

Epeak
C

2.4 MeV ���DÀ [36] / �¥U � ¿I¦§]H¨�©�H�7� �Pª2Ø|Z«�+07� ��=#>?� � ¬ 1.0
4 �')É�® �7. � ] ©?ª 4d¯W� ¦ �ZÀ fe5�6'87: 0P  �P=>��'a7b@* l1y�°9± 47²1U@V / ���'���)=�> �@0�� .H576�8I: 0 ¯7s * r9³ ?Ó�Ô�ÕDÖd0LÓ$×�Ø

� _?´ � V 9 � �'!?"%$ � *PµT¶  ] � 2 1.0
�

power law
*�· � 8 �B¸ � Z¥¹ V%.92 ] � �3· �8���=�>?� � C%º)� ¿%» c p 4#c ÀH� ]�� 4 � ºI� j1� 5�6d8e: 01;�< �dwTS'²9!�"@$ � *P¼�`

ASÀ . ] =)>��)½7C 1.0 �t��¾��¥� 49¿)À ¹dB¹�j » �#Á?Â V /Ã � å?Ä ] 700 keV Ð r �P=7> k . 350 keV Ð r ��}3~|� Z 8B49a?bW*1Å ÛW¹� ² À �I.DC�Æ
� ¶'V / 15 keV–700 keV Ð7Ç �35�6�8�: 0 * ¬{È =?> �#� 2'Vd!?"%$�½W*'`�²  ��� �%07� 4)·
� 8 �I¸ � Z�¹ V á �'=)>)��½���5B� 0 *'É?Ê k p � ] Ò"Û�Ë3Ì��e� ¶'VdC ] 15 keV–600 keV Ðr �d!)"W$H½W*'`I²  · � 8 �I¸ � Z�¹ V?Í � Ã U jH� �'=)>?�?½�� p . �I¾��¥� c9Î7CeÏ � U ]
700 keV �Ð� 600 keV

4?c À .3�)Ñ � · � 8 �B¸ � Zgá ��=?>��?½%�35�� 0 *'É7Ê k p C 10% Ð
Ç'Ò�Ó 4dw S ® c+¶'V / ( Ô 4.5) / �ÕU � fI5�6d87: 0 ��=)>W*IÖ ¦Ø× ® ÉBÙ�}d~@� Z 8B49Ú�5�68�: 0 �d=�>+�)Ï �3Û ´TS¥U%Vd!?"W$P½@*1Ü�Æ�Ý|ÞI.32 ] !?"W$P½ �#�I0%� 4)c+Þ ] È�j ¦ =?>�)½@*PwtS ®Õ¹ c�²%.1²3ß?c ® c+Þ �y�Õ�e� Þ /à)á -94dâ�ã A Þ9V#ä ] Ã Ueu9U%�35�6d8�: 0P;?< �?åWæ'çIè 0 åyéHê � _)´ ¹ V �W07�P� 15

keV–3 MeV
�+Ö » 4 A3Â� �7� �Pª ê ZØ�W0e� *1_ ¦ë]�ìyí ��!�"%$P½W*P¼7` ¹ ] · � 8 ��¸ �

Z¥¹ V / Ã � Y�î � Z§Ë�ï C Ô 4.6
]

4.7
]

4.8 �e� Þ / fe5?6'8�: 0H  �Bð 0dñÐòëóI0 å@éDêHC 0.7

keV
.

0.6 keV
*1ôB4 Ò7Ó 4�wTS ® c%¶  ²BÞ��9C�Æ � Þ / �{U � fI5�6�8I: 0 �d=�>7C?õec ®cW¶dV�ö � ³ � ]�÷�ø S¥U  576d8I: 0 *�\B² ] }9~|� Z 8�4da�b A Þ{=�>+�7ùB�#ê Z1¬ õec ®cW¶dV)V)ä �I� Þ / fI5�6d8�: 0 =�>+ú ÷�ø�û ú�=?>Bü ] }9~|� Zþý údÚIÿ�� ý����' �� ü��
	� º'a)b ¹ c�²� ] fBÿ�� ý����P  �7º'a)b����
�d²)ú����  �� ² ® �7º ] Ò?Ó����
��� Ù��
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-0.7

-0.6

 1000

Ô 4.5: ����� ½�����´	�%Þ�
 ��Û ´ ¹����� ú9ÿ � ý�������� 	�� Ã������ ��·�� ý��B¸����Õ¹
� 	��'ú ��� � ½%ú"!�� � ��� ½�ú#!eü 1σ

ú�$3Î�� È ß � 
�ú�%���! 	&%	'�!��)(BÞ �
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Ô 4.6: ����� 3 MeV,2 MeV,1 MeV ���	��
��������
����������
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Ô 4.7: � ��� 900 keV,800 keV, 700keV � � ��
 ����� � 
�� ��� ���
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Ô 4.8: � ��� 500 keV,400 keV, 300keV � � ��
 ����� � 
�� ��� ���
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4.3
�����

å|æ1çBè � åyé{ê 
 � ¼�� �%Þ��
	�� �� ú#%�¼�� �9ö������ � ��������� ��� � Â � ����� � �"! È ��#�� �%$'&��( �*),+�-�� � � � ��. �9Û�/�0 �*) � ä7ú � � ú Û�/21�� ú�%�34�� �  �,5'6 0 � �*7#ú"8�9 � mask
ú

5m :�; ú�<7Ü �"='>�� 300cm
ú�? ;2@ ! ( � � �2A (Ý �B( ÖC) 	D)FEC��	 ��G�!B� � � ��� � 350 keV � �Bú�H"IBJ �ëý ��� / �WÞ � ä�ú ������K��L�M ��Þ 	 �"��#�� � �"N�ÿ�� ý���� ú � � �OH�I
J � ý���P'Q �+ÞR! �S5�T � 8'9 � 700 keVU : ú ��� ü � 350 keV � �Iú2H,I
J �Øý�� ü P�Q �C+ à 0�V�$,WSX ��) 	C)YE�� 	 �2G2!
� � �Ö�� V �7å|æ1çIè � åÐé{ê � ��� ��K �CL2M)�%Þ�	��Hü)�#%?Ú�� $ 700 keV � �Iú ��� � Û�/�0�[Z V ü�)3ß2��) 	�)\E�� 	 � (eÞ �
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�
5 � � � � � � � � 	 
 � �  � � � �

BAT � ö�) V���0 )�åWæPçIè � åtéÕê � Ö�Þ ��� �RK �D��) � H,I
J �Øý ��? 0 )�� Þ��4)	� 0
V )�Þ�! # E !3â�ã �+Þ � ä � Swift

U�� ú
GRB

����� 0�V )eÞ�������� ( � � H,I
J �þý 	 �! �WÞ��#" � �#$&% �
0 Z('*) 0 � NIÿ�� ý����S1 � ú�H"IBJ �ëý ú�� ! � 3 0 �,+ ��� �-�.��+Þ"�0/[Z �'��102
WAM 35476 	�� Wind

���.1.2�ú
Konus 38496 ú�H,IBJ �þý �-: � � �

5.1 GRB ;=<?>A@CBEDAF
5.1.1 GIHKJ WAM LNM#O

2005 P 7 Q��,R
�": � � � ��/ Z ��� � 1.2  � ��S X T�35476 (HXD)
úVU ; �9WYX[Z0\^]J�_I` a&b �'ýdcfe �0g 8ih3ü Wide-band All-sky Monitor(WAM) [32][33][34]

	 0,V �^jVk^l
�� �fm��B� V )&n � WAM o BGO

8ih��)(EX �
4 p 7 � ��0q0r�s*t �0u 0�V )&nfv BGO

8h o�wyx.z��.{�|0} ��~ q.� e +.�&b��-�8�f�  � t ��T V N Z �����V� q N4) e q "��^� (Vnfv�.����� � � �Vo 50 keV – 5 MeV ef+ ��� � �S!0��� 100 keV
ty� ) V 800cm2 $�e,��wyx�p.��-�5nfv

WAM e �i�  t o TRN
��� V� GRB

�8� �e 2
� ef�0� q (*nfv��.� o 
^���.�V� 1 � ��.�f�0� ���*��� ���

55ch e TRN
� �  �"�0j �,kyl  � 0�V ) V � GRB

��# e�¡y¢ j'� e �£(¤�q !'!
� � ��¥ t GRB
k�� c tf¦ X(§2G¨X � �.�f�^� �f�*��� �-� 4ch

�
1/64 �©� )FE N 
�-�0���y� e��.ª «�T �i� �$ W.��� ¥ nfv�0/ Z �2� q W^� 0 � �8� �o 1 ¬ t 5

% ef%:���e-®�¯&e���¥ t e�°�±*² WIn�� � q � ¥ ne �)� Swift } HETE e ³ E t GRB e.´-µ t�¶�·�¸-¹ n�� ��o � ¥ �*)�v 0 ! 0 ��º tf».¼^½ n
Konus/WIND } � e�¾V¿�ÀIÁ ¸ %O� V )Vn�Â Kie ��� �ÄÃ0ÅB0�Æ �2��� edÇ £È¤&É � e,Ê ! (
GRB e�Ë&Ì ¸9ÍyÎ�½ n IPN(Interplanetary Gamma-Ray Burst Timing Network)[16]

tfÏ�Ð 0SV)�n#v�*t $ WAM o#Ñ.Ò0Ó�Ô k�l�Õ ¸ m�Ö E�× � � Æf354�6*e,Ø�Ù ¸yÚ*Û,Ü�Ý Æ,Ñ�Ò^ÓyÔ^Þ Ö�ß t³ nyà*á�� Ç �,� Çâe,ã.ä Ö�åfæ ¸ 3.ç8è-35496&e-é�ê�Ò^ë&e,ì0í ¸ � Ý n9�V� Ü�Ý e,¯�| ¸ 4½ �*� q î n,v
5.1.2 Konus/Wind

1994 P t R8ï å q5ð,Ü WIND ñ�òVo#ó t ¾�¿fô e�õ.ö&e ÜyÝ efñ�ò � ñyòø÷úù q 20 � g�û �÷ýü8è,þ�ÿ n�v Konus 3�4�6Vo�� b^] q�� ¢�è Ü 3�4�6 ¸ ]�� £ à e�ñ.ò t 2��5n ��ÿ ð,Ü	� �
����������� Ý þ�������� � ¢ ¸ m^Ö ð�Ü 3i496 � î n-v Konus[15] o 2
� e�� �����,���� "!# þ^ÿ�þ^Æ�ñ�ò&e å%$ ��& $ t % ü�' t)(5ð þ�*VÌ ! # þ�ÿ n-v 2

� e�� �+�V� o-,�.�/ ��0 ª ¸1 � e � Æ 2
� e�� �2��� e	3�4�5 Ö�àVá,� Ç �f� Ç �76 ü�'�8"9;:�ª � Á � î #�<�=�> j�? e-ËÌ Í0Î�q � ¥ nfv � �2�V�	$ oA@	B � Ç É	C*t)DFE�t  �G è,þ^ÿ n COSMOS Æ VENERA Æ MIR�9ÿ ðfÜIH�J bLK9�-��M�N # Ü�O e�e�P�Q �,� î nfv Konus

� o NaI
bV�-�8�,��Õ�� =">+R � ÖX Æ 200 cm2 e�p^� ¸SO ï#Æ b0� � c $ o�T©� ½�U � î nfv

39



× e =I> R o GRB Æ Soft Gamma-ray Repeaters (SGRs) Æf¾�¿ � �f] Æ���e � e©Ç�� ���	���Ç j�? ¸ 10keV – 10MeV 
 � e����Þ�� ����� è�þ k�l&Õ�� è-þ^ÿ n-v �.���^� �y�^� o 200keVt�� ÿ�þ 15eV
� î n�v É ���y��� o�����o 64msec.

� î n q Æ�� t	� n���� ÿ Ü�� ? ¸ =I> è Ü��¥ t o 2msec.
O�� é É �-�0���y�� "! ½$# v

%
5.1: HXD &"')(�*,+.-0/�1 WAM &"')( ( 24365 )

%
5.2: Wind 768
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5.2 BAT,konus,WAN �������� è#ÿ��
	�� :��� #������ Ç��
����è,ÿ�� # 
�ÿ���è-þ�ÿ # 8 ß � 8!�#"
$ Ü
%'&�( � WAM=�> R�)
Konus

=�> R�) ��è9þ BAT *F�,+  �! è ) 8.- ��# 8 ð[Ü ) GRB 051008
)

GRB 051221A
)

GRB 060117
)

GRB 060502A
)

GRB 060813
)

GRB 060814
�

6 - � GRB .-0ÿyþ � #�/�# �=A>�R *.0 9 # Ü��1�2��3 �4��5.68è ) ! 9�,798 ���1�2��3 �4��:.;!�<�=8èfþ��?>�@�� ��AÕ *��.+ ��B JDC BFE�G �#H Ö ð�Ü.% � � �
I * )�J�K 5� ß #!L�M ��B JDC B�E�G ��I �N:,O�èþ�ÿ # 8 ßP� 8���Q�8 Ý^Ü�% ï ÖNR  ) � ���2�S3 �! E ÿ Ü ��	4�2:!TVU H�W�X A U K E +
Y  è ÜFZ Ô � :��.[?\�*?T Ö � )FJ?K 5 Ö < 9]-�^_�
`�aN*�^ Ö ÿ Ü�Ý ) 5%
��b J�c.d �#e�f*�ÿ #�%� &F� �!B JgC B,E�G  E ÿ Ü
h�i �?* î #�%

• Powerlaw
dN

dE
∝ E−Γ (5.1)

• Cutoff powerlaw
dN

dE
∝ Eαexp

(

−
E

Ecut

)

(5.2)

• Band function (grbm) (2.3.1 j
k )

dN

dE
∝







Eαexp
(

− E
Ecut

)

for E < (α − β)Ecut

Eβ for E > (α − β)Ecut

(5.3)

l�l * ) å�m � Ecut T )�n '?� Fν

��o�p * ���,�S�S3 � �Fq #�r �tsg�#< N èfþ�ÿ #�% EpeakT νFν

�FoNp * ���1�4��3 �?*NT ) Q A �Fu�v ��w A �#xVy � * Epeak = (2 − α)Ecut * î #�%
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5.2.1 GRB 051221Al ����� E 3 *NT�� � = >2R * O  "! *4^ #�� �  Epeak � î # � * )	� ? ���1�2�S3 ����
* O @�� ��A�  < 9 - ^FT	� � Band function * �VB J C B�E�G è��������� � � ð þ^ÿ�þ ) :O�è�� ��I � R þ�ÿ #�% ��+ ��B J C B�E�G 	�.ÿ�þ O ���V ) Band function *����:,O�è�þ�ÿ#�%
(KW � Konus/Wind)

< 5.1: GRB 051221A
���,�2��3 ����� @ � �FA�� :	�

Detector model −Γ α β Epeak chi2/dof=rchi2

BAT PL -1.44+0.04
−0.04 — — — 36.9/29=1.27

CPL — -1.02+0.17
−0.18 — 290.4+203.2

−92.5 17.4/28=0.62

Band — -1.01+0.17
−0.39 -1.62> 292.1+204.7

−105.4 17.4/27=0.65

KW PL -1.41+0.07
−0.07 — — — 67.7/56=1.21

CPL — -1.13+0.16
−0.14 — 452.9+378.2

−166.0 51.0/55=0.92

Band — -0.75+0.68
−0.39 -1.84+0.14

−0.38 202.4+207.4
−89.0 42/42=1.00

BAT & KW PL -1.49+0.03
−0.03 — — — 128.9/88=1.46

CPL — -1.11+0.12
−0.11 — 361.3+181.5

−102.5 71.5/86=0.83

Band — -0.92+0.28
−0.21 -1.92+0.17

−0.52 237.6+214.1
−103.9 68.9/86=0.80

BAT & KW PL -1.45+0.04
−0.04 — — — 141.5/106=1.33

&WAM CPL — -1.11+0.10
−0.10 — 356.9+142.0

−86.9 90.8/106=0.86

Band — -0.91+0.27
−0.19 -1.94+0.20

−0.49 237.9+198.0
−99.5 87.2/105=0.83
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%
5.3: BAT –350keV

�?�.� �43 ��� h1i ���
� J 3 ����8 9 power law

)
cutoff power law

)
band function

%
5.4: Konus

�1�,����3 ��� h�i ����� J�3 ���
8L9 power law

)
cutoff power law

)
band func-

tion
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%
5.5: BAT –350keV & konus

������� 3 ��� hi � �A� J�3 � ��8 9 power law
)

cutoff power

law
)

band function

%
5.6: BAT –350keV & konus & WAM

�
�����3 ��� h#i ����� J
3 � �%8 9 power law
)

cutoff

power law
)

band function
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5.2.2 GRB 060117

GRB 051221A �%���� ) � u?v �Nw A��  Epeak ��� # l �_S� s � ? �1�4��3 �?* � 516 )
BAT–Konus �.+ ��B JgC B,E,G ) ����9 � ��I O cutoff power law *�:�O��	� ��I �
	 9 # � %l � ��� E 3 T�� u?v �Vw A� ���� ������������8 )�J?K ��� � ) BAT–Konus–WAM

� �
+�!B J�3 *NT�������������� #F%

< 5.2: GRB 060117
���,�2��3 ����� @ ��� A � : �

Detector model −Γ α β Epeak chi2/dof=rchi2

BAT PL -2.16+0.04
−0.04 — — — 48.1/29=1.66

CPL — -1.81+0.15
−0.15 — 57.2+30.4

−13.4 29.9/28=1.07

Band — -0.86< -2.28+0.06
−0.06 35.3+73.9

−11.2 51.8/53=0.98

KW PL -1.99+
−

— — — 107.1/47=2.28

CPL — -1.52+0.13
−0.12 — 96.3+35.9

−22.1 56.4/46=1.23

Band — -1.51+0.16
−0.14 -2.47> 93.7+47.1

−27.4 56.7/45=1.26

BAT & KW PL -2.09+
−

— — — 191.8/79=2.43

CPL — -1.63+0.10
−0.09 — 81.2+22.0

−15.2 114.9/89=1.29

Band — -1.57+0.22
−0.12 -2.41> 79.6+28.5

−30.8 101.5/77=1.32

BAT & KW PL -2.09+
−

— — — 222.7/100=2.22

& WAM CPL — -1.76+0.08
−0.08 — 81.0+24.3

−15.9 150.1/99=1.52

Band — -1.45+0.24
−0.19 -2.35+0.08

−0.06 123.4+85.9
−50.6 56.7/45=1.26
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%
5.7: BAT –350keV

����� �43 ��� h�i ���
� J 3 ����8 9 power law

)
cutoff power law

)
band function

%
5.8: konus

�.��� ��3 ��� h�i � � � J�3 � �
8L9 power law

)
cutoff power law

)
band func-

tion
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%
5.9: BAT –350keV & konus

���.�2�S3 � �h_i ��� � J�3 � �	8 9 power law
)

cutoff power

law
)

band function

%
5.10: BAT –350keV & konus & WAM

���� �43 � � h1i � � � J 3 ����8 9 power law
)

cutoff power law
)

band function
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5.2.3 GRB 060502a

�� cutoff power law  ��� � y,$ � � @ � � A�� *�:�O � ��� I ���� � � ##% � u�v �?w A� � J�K ����� ��� E 3 � � * Band function * β ����
79 ��� � T����V�_0���� %

< 5.3: GRB 060502A
���,�2��3 ����� @ ��� A�� :	�

Detector model −Γ α β Epeak chi2/dof=rchi2

BAT PL -1.71+0.07
−0.06 — — — 51.9/29=1.79

CPL — -0.91+0.30
−0.34 — 132.7+85.9

−42.6 25.7/28=0.92

Band — -0.75+0.39
−0.52 -1.96> 120.5+121.4

−97.4 25.4/27=0.94

KW PL -1.68+0.11
−0.11 — — — 66.9/55=1.22

CPL — -1.04+0.35
−0.42 — 138.2+59.6

−31.1) 56.4/46=1.23

Band — -0.91+1.89
−0.56 -1.75> 117.2+40.2

−92.2 59.1/53=1.15

BAT & KW PL -1.73+0.05
−0.05 — — — 130.2/88=1.48

CPL — -0.96+0.23
−0.26 — 138.1+67.5

−35.6 86.3/86=1.00

Band — -0.95+0.30
−0.23 -2.19> 136.0+68.1

−66.0 87.2/86=1.01

BAT & KW PL -1.75+0.05
−0.05 — — — 157.7/111=1.42

&WAM CPL — -0.89+0.26
−0.23 — 125.1+49.1

−31.2 114.1/110=1.03

Band — -0.71+0.40
−0.30 -2.29> 113.0+56.0

−38.8 113.7/110=1.03
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%
5.11: BAT –350keV

���1�4��3 � � h�i � �
� J 3 ����8 9 power law

)
cutoff power law

)
band function

%
5.12: konus

���,�2�S3 � � hFi � � � J�3 �
��8 9 power law

)
cutoff power law

)
band func-

tion

49



%
5.13: BAT –350keV & konus

�
�,�S��3 � �h_i ��� � J�3 � �	8 9 power law
)

cutoff power

law
)

band function

%
5.14: BAT –350keV & konus & WAM

���� �43 � � h1i � � � J 3 ����8 9 power law
)

cutoff power law
)

band function
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5.2.4 GRB 060813

��� O ) q � r � sD� O -�����5�� ������3 �?*�� # � � 	 ##% BAT
�

350keV 
]* ��� � L�M*
T ) β ��^ � ��s ��� # �T�� ��9 ��8 � ��� ) Konus �	��+ �NB J C B#EFG *�T Band function*�
 O � � � � ) @$� � A�� O :,O�� � � #�%

< 5.4: GRB 060813
���,�2��3 ����� @ ��� A � : �

Detector model −Γ α β Epeak chi2/dof=rchi2

BAT PL -1.56+
−

— — — 147.6/30=4.92

CPL — -0.85+0.12
−0.12 — 209.3+45.9

−33.8 27.4/29=0.95

Band — -0.84+0.12
−0.13 -2.06> 206.0+46.1

−33.5 26.9/27=1.00

KW PL -3.13+
−

— — — 277.7/48=5.79

CPL — -0.55+0.13
−0.12 — 208.8+34.2

−27.7 60.5/47=1.29

Band — -0.54+0.15
−0.13 -3.05+0.63

−1.60 195.6+34.6
−33.1 57.1/46=1.24

BAT & KW PL -1.57+
−

— — — 547.9/81=6.76

CPL — -0.75+0.08
−0.08 — 208.9+26.1

−22.3 107.4/80=1.34

Band — -0.66+0.12
−0.10 -2.64+0.27

−0.52 190.4+31.8
−28.7 99.7/78=1.28

BAT & KW PL -1.59+
−

— — — 961.2/108=8.90

&WAM CPL — -0.81+0.06
−0.07 — 233.0+22.8

−20.3 162.8/17.7=1.66

Band — -0.75+0.09
−0.08 -2.75+0.24

−0.57 215.8+28.9
−26.1 161.4/105=1.54
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%
5.15: BAT –350keV

���1�4��3 � � h�i � �
� J 3 ����8 9 power law

)
cutoff power law

)
band function

%
5.16: konus

���,�2�S3 � � hFi � � � J�3 �
��8 9 power law

)
cutoff power law

)
band func-

tion
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%
5.17: BAT –350keV & konus

�
�,�S��3 � �h_i ��� � J�3 � �	8 9 power law
)

cutoff power

law
)

band function

%
5.18: BAT –350keV & konus & WAM

���� �43 � � h1i � � � J 3 ����8 9 power law
)

cutoff power law
)

band function
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5.2.5 GRB 060814l � ��� E 3 T Konus * O 400keV ��� 
F* ��8  !�� � � �	��� % BAT � Konus
�

joint�VB JV3 � � I T cutoff power law *
:,O � � � # � ) BAT
� ? �����4��3 � � Konus

� ? ����S�S3 �S�F5
$ � ) � I ��� N ��8 ��� % l ��T BAT
� ���8���� ����� #4� 8���8 ) l ��8L9�
	�� �� � =� � ��� %

< 5.5: GRB 060814
���,�2��3 ����� @ ��� A � : �

Detector model −Γ α β Epeak chi2/dof=rchi2

BAT PL -1.75+0.03
−0.03 — — — 29.6/29=1.02

CPL — -1.66+0.11
−0.07 — 549.9< 27.1/29=0.94

Band — — — — —

KW PL -1.70+0.05
−0.05 — — — 66.8/41=1.63

CPL — -1.18+0.17
−0.18 — 223.6+80.7

−39.7 26/39=0.69

Band — -1.14+0.26
−0.20 -2.21> 205.9+97.8

−63.3 26.1/38=0.70

BAT & KW PL -1.74+0.03
−0.03 — — — 99.7/74=1.35

CPL — -1.58+0.06
−0.09 — 313.0+117.9

−107.1 90.1/73=1.23

Band — -0.81+1.01
−0.53 -1.79+0.04

−0.05 68.8+300.6
−39.2 88.7/72=1.23
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%
5.19: BAT –350keV

���1�4��3 � � h�i � �
� J 3 ����8 9 power law

)
cutoff power law

)
band function

%
5.20: konus

���,�2�S3 � � hFi � � � J�3 �
�-8L9 power law

)
cutoff power law
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%
5.21: BAT –350keV & konus

�
�,�S��3 � �h_i ��� � J�3 � �	8 9 power law
)

cutoff power

law
)

band function
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5.2.6 GRB 051008

Epeak � 500keV ��� � � l�� �� # � * ) BAT
� ? �N�1�2�S3 � ��� ���$���1� ��3 �S��5$ # l �]T�������� ) �
+ ��B JDC B�E,G � � I ��� # � ) cutoff power law � band function

�
α
��� � � � � � � # �
	�	 #F%

< 5.6: GRB 051008
���,�2��3 ����� @���� A � : �

Detector model −Γ α β Epeak chi2/dof=rchi2

BAT PL -1.10+0.04
−0.04 — — — 25.7/29=0.89

CPL — -1.04+0.11
−0.04 — 974.1< 25.9/28=0.92

Band — — — — —

KW PL -1.24+0.05
−0.05 — — — 62.8/52=1.21

CPL — -0.89+0.14
−0.16 — 534.6+355.4

−165.4 40.9/51=0.80

Band — -0.89+0.08
−0.15 XXX 571.0+356.5

−117.2 40.9/49=0.84

BAT & KW PL -1.20+0.03
−0.03 — — — 163.3/84=1.94

CPL — -0.87+0.08
−0.08 — 663.0+209.6

−138.2 84.6/83=1.02

Band — -0.92+0.03
−0.08 -1.83> 830.7+249.3

−97.2 81.4/80=1.02

BAT & KW PL -1.25+
−

— — — 260.7/107=2.44

& WAM CPL — -0.95+0.06
−0.05 — 888.3+161.7

−146.4 99.5/104=0.96

Band — -0.95+0.05
−0.06 XXX 892.7+157.3

−183.2 99.7/105=0.95
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%
5.22: BAT –350keV

���1�4��3 � � h�i � �
��� 3 ��� ��� power law

)
cutoff power law

)
band function

%
5.23: konus

���,�2�S3 � � hFi � � ��� 3 �
� ��� power law

)
cutoff power law

)
band func-

tion
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%
5.24: BAT –350keV & konus

�
�,�S��3 � �h_i ��� � � 3 � � ��� power law
)

cutoff power

law
)

band function

%
5.25: BAT –350keV & konus & WAM

���� �43 � � h1i � � � � 3 ��� ��� power law
)

cutoff power law
)

band function

59



5.3
�����

U�� W�X A U�� E *
	��
���_�1	���,�,� � ��� #�� �
� � � � # � Q���y # � � ) BAT
)
Konus

)
WAM

�
3 - ������� * �
+.  �! � ) � # �0� � � GRB6 -��-�� � �,�2��3 ������� � l �

� ) � I �F516 �	� %���� � I T ) � � GRB .-�� ��� 5% � � ��b J�c.d *�:1ONy # l �F�#Q
� ��� % � � � 350keV !_* �
�,����3 � � konus

� � I �F5,6 � � � )  �! *�^ ##u�v ��w A �"$# ��%N* ) BAT S� � � band function
#

β � �&!4s (' � ��� �*) T���+]� ) Epeak

# ���, �VT u � A #�-$. �'* � � ) b J�/  ��� � � �102^ � � 	�2+���� #�324 � R � ��� � ��� %u � A # -S^65 � d T � � ��� %
7$8 # 6 - # GRB
# i A�� L?M ��� �:9 ) � �(' � � 200keV

����!'*?T Epeak � � #
;�< � "$# �=�6� � ��> , ��* �&!�+ l � �?> � ��� % l # l �'��!s )
BAT

# l �@!�* # �1�2�S3 � �]5�$ 200keV
# uNv �!w A � " �BA$C � ) Epeak

K�D #�E�F �S�
0HG�����+ l �D�?*4^I+ %
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�
6 � Mask weighted � � � � � � � 	 
 �

Mask weighted � � � �  � � � � 	 
� � � � � � �

��� !������ �"!$#&%'�)( SwiMM *,+��)!.-0/21&3,4 �.5 �,6�798 5 �:/2�.;"< ! ���B� #>=?0@ "�$#1+9A�BDC$EF4�G (IHKJ@!L�M#&N 200 keV OQP R94QSI82T&!��.UWV"!X( 350 keV !L�)�Y +9ZH # � �)G)(IH[J@!L� mask \Q�.] D_^ JI`ba,! 150 keV !�� #�cXd$e !WA�BDC0Ef4hgL(,i =?0@ b*,+�jk!)A�BDC$El4$*kmXn.�>oWp e `Q(.q�r s=+ � *,tW��!kZ ^ � �kGkP)R>4QS�82u "Wv
AHC ^ J&!�H)g'� ( 150 keV ![�k�kG �WwXx �&y !kA9B0C&Ez4 # �&+ � j v �)w$+W#&%{��GXx y `j�xQj � Zbg2'|� power law � e �Q} wkx �My !WA>BDCbEF4I� Epeak

vX~$� s2+ �"� % � oWp$*� x y !.Z
6.1 ������� �����)���D����������2�

mask \I�X���'J$! A�BMCDEf4"���&(,i$A�B_CbEf4"���$��J& �JI� 6
� �W+Ij ! ¡ power

law ¢>¡ cutoff power law ¢>¡ band function ¢:£ 3 ¤W£�-,¥k4W��¦)§f¨©1$§L/9ª)* � xkj.(K«.¬"*�>®e !XZ)� e ` ( mask \&A>BDC0EF4hg|i&A>BDC$EF40*,q.¯Q�>°X± e `�m)²L³b´�µ,8)¶L�"mXn ¦I§f¨1b§2/9ª)* � x y !�Z.�X£�«k¬)�W(L·k¸0¹,� � J�ºk» ¦I§F¨¼1b§,/,ª,«k¬ v q�r e ` j ½L¾ � %f¾*L¿)¾ < !.Z"HkHL�bÀ 5% £ b ·WÁ.Â$*�ÃWÄ)�)j"½,Z
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6.2 ����� �$� ���
6.2.1 GRB 051221A

H,£ GRB �kG mask �I£.A>BbC&Ez4)�)G power law £ } � e ¾���� x�¾ y ! v (:i"A9BbC0Ez4�kG cutoff power law �"¦)§F¨kE e !2«.¬ Epeak

v.~&�Xe ( band function �"¦W§l¨WE e !kn�À β �	 G Y ½ v ( power law #IN ¦&§f¨ 1M§>/>ªk£9«X¬�G$#2j�Z Konus/Wind £)A>BDC0Ez4$*�
 `bÀ,(
Band function

v� AhE ¦�§©¨ E{� Y ½2Z"H,£IHQg.#INf(IHKJ � �Q£ mask \W�)G�� � � x�¾ y !
Epeak

v (���� ^ J&!,i"A�B$C$EF4)�)G Konus £,«W¬0*���� e x j��b*���wX`)j"½,Z
° 6.1: GRB 051221A £WA>BDC0EF4koWp�³0´Iµ28Q¶Lq��

model −Γ α β Epeak chi2/dof=rchi2

∼150keV PL -1.39+0.07
−0.07 — — — 51.7/55=0.94

CPL — -1.37+0.13
−0.07 — 225.4< 52.8/53=0.98

Band — — — — —

∼350keV PL -1.44+0.04
−0.04 — — — 36.9/29=1.27

CPL — -1.02+0.17
−0.18 — 290.4+203.2

−92.5 17.4/28=0.62

Band — -1.01+0.17
−0.39 -1.62> 292.1+204.7

−105.4 17.4/27=0.65

joint PL -1.42+0.04
−0.04 — — — 89.9/87=1.0

CPL — -1.24+0.10
−0.09 — 280.0< 77.1/86=0.90

Band — -1.23+0.09
−0.10 -2.74> 283.2< 77.1/85=0.98

Konus PL -1.41+0.07
−0.07 — — — 67.7/56=1.21

CPL — -1.13+0.16
−0.14 — 452.9+378.2

−160.0) 51.0/55=0.92

Band — -0.89+0.99
−0.37 -1.57> 241.0+736.6

−189.7 50.6/54=0.94
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�
6.1: BAT –150keV £WA�BMCbEl4 g:-,¥�4��� ¨"E�����¾h� power law ( cutoff power law (

band function

�
6.2: BAT –350keV £kA.BMCbEl4 g:-,¥�4��� ¨"E�����¾h� power law ( cutoff power law (

band function
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�
6.3: BAT –150keV & BAT –350keV £QA�B_C$Ef4 g:-�¥Q4 � � ¨"E�� � ��¾ � power law (

cutoff power law ( band function
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6.2.2 GRB 051008

Konus/Wind £�A>B$C&E 4Xo.p.«X¬ �"#9½Qg ( Epeak

v
800keV ����� Y ½�Z BAT �XGW�.£�u��G>]�� �$a�x jX!k<)( BAT £ 2 �	�"£WA�BbC$EF4I� cutoff power law g band function G����Qx¾ y !.Z Konus/Wind £2«X¬0*�
� s,J���( BAT ��]�W�$a�½:u���GX���)x power law ��°�� ^JM½,Z����X( mask \I£kA>BDC&EF4 �$ÀKi&A>BbC0EF4)�bÀL(>�Da 1.1 ��I£ power law �M#�� � y` j"½,Z

° 6.2: GRB 051008 £WA>BDC0EF4koWp ³$´Iµ,8)¶2q �
model −Γ α β Epeak chi2/dof=rchi2

∼150keV PL -1.03+3.43
−0.06 — — — 46.7/55=0.85

CPL — -0.68+0.25
−0.24 — 238.0+465.0

−98.6 40.3/54=0.75

Band — -1.00+
−

-2.74+
−

72.9+
−

∼ 350keV PL -1.10+0.04
−0.04 — — — 25.7/29=0.89

CPL — -1.04+0.11
−0.04 — 974.1< 25.9/28=0.92

Band — — — — —

joint PL -1.08+0.03
−0.03 — — — 74.7/87=0.94

CPL — -1.01+0.08
−0.05 — 922.4<

Band — -1.01+0.39
−0.17 -5.34+3.71

−4.66 292.1+204.7
−105.4 51.8/53=0.98

Konus PL -1.24+0.05
−0.05 — — — 62.8/52=1.21

CPL — -0.89+0.14
−0.16 — 888.3+161.7

−146.4 40.9/51=0.80

Band — -0.89+0.08
−0.15 XXX 892.7+157.3

−183.2 40.9/49=0.84
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�
6.4: BAT –150keV £WA�BMCbEl4 g:-,¥�4��� ¨"E�����¾h� power law ( cutoff power law (

band function

�
6.5: BAT –350keV £)A.B_C$E©4 g:-9¥�4 �� ¨"E�����¾h� power law ( cutoff power law (

band function
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�
6.6: BAT –150keV & BAT –350keV £QA�B_C$Ef4 g:-�¥Q4 � � ¨"E�� � ��¾ � power law (

cutoff power law ( band function
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6.2.3 GRB 060117

H,£ GRB �WGk( 100keV ���X£9�®b¹�� PWR,4)SQ8LT � Epeak

v � � y ` j ½9Z BAT ���Wj�`ÀL( mask \I£WA>BDC0EF4 �DÀ']��)�ba�½2P R94 SI8,� Y ½,ZHXHL�)( ��� £ 2 ¤k£�	 � /bE©�bÀ � � ¾Q� 
 �|J&!�
�9� Y ½ v ( mask \�£kA>BbC0Ez4 g|iA9BbC&Ez4&*2.�Q!&g�aL�k(���� mask \�£kA9B$C&E 4 v�� 8��[�W([iIA9BbC&Ez4 v�� ¦DE �.xI½

�� v G y a$N2g �W¾b½,ZIH>£ GRB �WG)( 2 ¤)£ BAT £.A.BbC0EF4&£ cutoff power law £ α g
Epeak £ �0*,X�b½QgX#�� �k¾D½,Z

° 6.3: GRB 060117 £WA>BDC0EF4koWp ³$´Iµ,8)¶2q �
model −Γ α β Epeak chi2/dof=rchi2

∼150keV PL -1.88+0.04
−0.04 — — — 53.0/55=0.96

CPL — -1.48+0.20
−0.20 — 73.8+67.0

−24.7 40.3/54=0.75

Band — -1.27+0.07
−0.06 -2.11+0.19

−0.12 61.0+7.3
−7.0 38.7/53=0.73

∼350keV PL -2.16+0.04
−0.04 — — — 48.1/29=1.66

CPL — -1.81+0.15
−0.15 — 57.2+30.4

−13.4 29.9/28=1.07

Band — -0.86< -2.28+0.06
−0.06 35.3+73.9

−11.2 51.8/53=0.98

joint PL -2.05+0.03
−0.03 — — — 165.2/87=1.90

CPL — -1.62+0.09
−0.09 — 74.9+5.9

−7.6 76.7/86=0.89

Band — -1.22+0.29
−0.35 -2.32+0.19

−0.09 56.4+49.5
−33.5 70.6/85=0.83

Konus PL -1.99+
−

— — — 107.1/47=2.28

CPL — -1.52+0.13
−0.12 — 96.3+35.9

−22.1 56.4/46=1.23

Band — -1.51+0.16
−0.14 -2.47> 93.7+47.1

−27.4 56.7/45=1.26
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�
6.7: BAT –150keV £WA�BMCbEl4 g:-,¥�4��� ¨"E�����¾h� power law ( cutoff power law (

band function

�
6.8: BAT –350keV £)A.B_C$E©4 g:-9¥�4 �� ¨"E�����¾h� power law ( cutoff power law (

band function
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�
6.9: BAT –150keV & BAT –350keV £QA�B_C$Ef4 g:-�¥Q4 � � ¨"E�� � ��¾ � power law (

cutoff power law ( band function
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6.2.4 GRB060813

mask \&£kA>BDC0EF40*�
M½��hNl� G)( power law �I¦&§l¨�E©�$ak½9A>BDC$EF4)� Y ½ g�À,j�w½ v (.P R94 SI8�u��b*�U�� e ` } ½IgL( power law �)G�� � ��� x jXZ cut off power law �M#
� ¦�§l¨QE©�$a�( Epeak *���¤QA>B$C&EF4 � Y ½Qg G y a0N �)¾$½2Z � ^ �W(Li0A>BbC0Ez4Qº�¾ �� � �$a>! Epeak � Y ½,Z9i"A>BDC$EF4I£9«k¬QG Konus/Wind g.# �©q�r e ` j"½,ZH>£I#0%¼x GRB

v��
	�� �WG � � ^ J � Swift/BAT £ } � � � ^ JI`$À,(�P R24�S�8�u	�b*
� � e !IHQgK� Epeak *�� d s0½WH g v �ba�½9Z

° 6.4: GRB 060813 £WA>BDC0EF4koWp ³$´Iµ,8)¶2q �
model −Γ α β Epeak chi2/dof=rchi2

∼150keV PL -1.94+0.04
−0.07 — — — 54.1/55=0.98

CPL — -0.72+0.19
−0.20 — 235.1+105.0

−45.3 34.5/53=0.65

Band — -0.72+0.18
−0.18 -2.07> 180.6+113.0

−51.8 51.8/53=0.98

∼350keV PL -1.56+0.04
−0.04 — — — 147.6/30=4.92

CPL — -0.85+0.12
−0.12 — 209.3+45.9

−33.8 27.4/29=0.95

Band — -0.84+0.12
−0.13 -2.06> 206.0+46.1

−33.5 26.9/27=1.00

joint PL -1.56+
−

— — — 241.7/86=2.81

CPL — -0.79+0.04
−0.04 — 198.6+26.7

−22.1 62.5/86=0.73

Band — -0.74+0.12
−0.14 -2.21> 206.0+46.1

−33.5 94.8/85=1.12

Konus PL -3.13+
−

— — — 277.7/48=5.79

CPL — -0.55+0.13
−0.12 — 208.8+34.2

−27.7 60.5/47=1.29

Band — -0.54+0.15
−0.13 -3.05+0.63

−1.60 195.6+34.6
−33.1 57.1/46=1.24
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�
6.10: BAT –150keV £kA�BbC0Ez4 g[-,¥W4 �� ¨"E�����¾h� power law ( cutoff power law (

band function

�
6.11: BAT –350keV £kA�BbC$EF4hg ->¥W4 �� ¨"E�����¾h� power law ( cutoff power law (

band function
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�
6.12: BAT –150keV & BAT –350keV £.A.BbC0EF4hg-2¥ 4 � � ¨"E�� � �>¾ � power law ( cutoff power law ( band function
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6.3 � ���
4 ¤W£ GRB �X¤Wj.` ( mask *2+ j)!�HKJ � ��£��k� �X\)�.� �|J&! 150 keV

� ��£WA>BDC0E4�g�( 5�� 6�798 5�� /,�
	�� e ! =W?$@� *9+�jk! 350 keV
� �I£WA.BDC$El4b*>-�¥)4D¦I§©¨1D§>/9ªQ* e (>�® e !XZW��£,«W¬I( 5% ���,£ b ·WÁ�Â �Wq>r e !XZ ^ �L� 2 ¤)£WA>BDC&EF4$*.�$½ g:(����.£����I( 150 keV

� � £kA>B$C0Ez4W�WG ��� ^ JIx�¾ y ! Epeak

v ( 350 keV
� �£.A.BDC0EF4Q�)G 2 ¤ ��� ^ Jb!XZ BAT £ } v � � e ! GRB �DÀ Epeak

v � d �0ak½������$*
��� e !
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�
7 � � � � � � � �

Swift
	��	�	
 £ BAT(Burst Alert Telescope)

� ��� � GW(IH J � � 15–150keV £�P)R,4 SI8Lu
� � GRB £WA>BbC0Ez40* �W�)�0a2! v ( GRB 	�"£����b* � ½ �>���	�Qx Epeak *�]�)s&½>!<k�XG)(.�$ak½2º »���j.P R94�S�82u��&£WA�BDC$El4$*2]��Qs$½WH�g v�� �Q� Y ½9Z � H2�Q(.-/L1�3L4 �95 � 6)7,8 5 � /�� � ��� £ =X?0@� *[;�<X(��:J$*2+)j�` 350keV

� �)£kA9BbC&Ez4*����)s0½WHQg:� e !XZ��� (��!  +Qjb�|J�`Qj)! DRM(Detector Responce Matrix) � G 80keV � �k£ =)?b@� �#"d � v�$ y `)j.!k!�<W(  �)-�¥)4�£�%�&Mµ�E	' * 
)x � e ( µτ £ �$*)(	*�+Ws"½kH)g:�"# y ` (H9£�" d �0*9x � e !XZ, �k( SwiMM �&#>½ 5�� 6)7,8 5 � /�* �IH�x %|n.(��0�{J&!.n�-"g'¸/.#0I£ �#1I*3234 �kjJIx v �L(>¾Q¤)(35 e j,«)¬$*��M½>!X<W�W( 5 � 6�7>8 5�� /.nX�36Q+Ws0½[³D´&µ�8Q¶>£37�698* � x y !kZ!�9�)s&½;:�<"£�P R,4 SQ8��X¤kjX`WGW( 700keV � ��ºbg 350keV
� ��£kA>BDC0Ez4�>=	?0*�@	AWs"H�g v �X¾ y !.ZQ# y ` =.?$@  *����)s"½Qg�a[G ()B)x ��g>À 700keV

��C £!:<0*��	�Ws"½ � � v Y ½2Z � !X(;:#<"£!�	�#D���G mask ¾_� 5m E�JGF0g9H�H C G�I2q � 300cm£�5 �	J)¾ �K:�<ML��9� s>J �NI3O	�NPRQ)� � � �)� P�SM½/T>S�UNI3V#W�:�<ML�X�A s�Y `�(#ZC aX½9[�g v �W¾ y F.ZG[]\Q¾ ��£�^	_�g e `9`9I3:�<	�9��D�&£>O��RL!aQw0½�g/b�I � \"º)»£!O��I£,Â vGc ½�dfe�gih  d�j�kml"� ¾9n�omp�q	�$² ½9£�¾mL>r�s�t&½�[�d C c ½�u
� �	LQÀ�d;P#I�	
�wvK\mF>e�gih  q�5ij3p�x_½]y�pzL�j>k�pI½ ¾|{~}F¾�r#Y$½>F/��P	I Konus� ��� d WAM

� ��� IX�#j�k BAT
C|�#� P3�	�wv�\RF GRB L!�zp�k�IX�.£����M�i���|P��,¥�$¦&§l¨]�M§��9ª|L���n�p�I��®Rj�F#u)�X£,«W¬m{X£ GRB £	���M�i���NPX¤�p�kbÀ 5% � �,£3�·)ÁXÂ C9�/� j�F�u��iF�n 350keV
�!C £����w�i����d konus £>«W¬RL9.®Mj3kDÀ>I��	� C bX½��� �|�N�>��&£�h!� C I BAT PRQ	�)k band function £ β q �M����P ��pGd>p�}¡ �` c ½;qNI

Epeak £ ��¢	£���` � ´/��¤�¥N¦�� C ��p	I)�X·$¹>Pz{�§�¨'¾�q�©�b�n �|P�n&½�n�{�¤ 
���À)ªw¨\�n�¾M�!F/u � ´���¤�«Gb �_À Âz`#n�¾M��F�u ����¤ 6 «9¤ GRB ¤�¬i�)¶�ºW»�L�
�\��|I�B�n �d�À 200keV ���M� C ` Epeak q � ¤���#�	�m¤ � ��� d � ²!£� C ���X½�[|d�À �k¾w�>F	uv9¨�P 350keV � C � ��j/F������G���G¤�®#¯RL��znR�>F9«k¬NI 4 «�¤ GRB ¤°}�§ 2 «#P�«	pk c ¨>F	P Epeak q�±Rlzj#F#u BATSE ¤ Ebreak ¤�²|³iL�
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C ¤/ª � � vK\MF GRB

C À Epeak q���¢ C bk½
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