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(1. 1w�M	Q�ÆC�*	qjQ#�g3 610066 � 2. h�+Q#���kU�C��� 210008)`℄�Swift ~=� 2004  11 ' 20 _}0%
,|��2u� 2  D�^
���v^�Blv�U�V 200 Dj�r,I7�1�-
	� Swift �U�V54 X s �1�:,�1�f p�r,�9�me�-��r,[��
V9��

`�����r,�[�G	�b:4|�V$be�q�r,��Aa)� Swift ~=�xfIJ&��$R�-& Swift ��Uf�I	~�;�AmVB
- 6 %�SO�AN��r,� Swift ~=��1dP+>/�P172.3 ��� SV�J?�A
1 �\�H
�q+ (Gamma-Ray Burst, GRB) �kk9�<�e��qr�.I�,��
e��A.I�+��IP��
�r�.:v8Z}=��T���rg��AY��<L.I�, [1] 	_�,1 20 �S 60 ����2{
� Vela }<1[T?3N��a�"U�T��D1 1973 �2 Klebesadel �Z [2] tK1{
�RN��.`1V�n	:#�_�,2{
� IMP-6 }<�?3N� GGS-wind D/yn�r< Konus =U� [3,4] 	�C6?�GT< (PVO � HEAO1 � HEAO3 � SMM � ICE � GINGA) X#2GT�U�q+�, [5] 	RN���Z��_/�8?�GTr<�����"~	�I�q+�T}<�J\��q+Z�-vRu 4 iv<�L 4 iv<?���q+�lZ��J\I<��	#kv<���q+�I�� 1991�'0A}< (CGRO) nRv?	L<�℄�T���q+�Jso��lnD+��q+:!�~���g�<�Æ?�\l�rM:!���� K,GD�2007-05-05 � [2GD�2007-06-2839WC��V�W+Q?��x'� (10473023) �1w~r�Y�x+℄'��h�+Q#m3kH�%q�kE?��x�j4~H�%+℄�xP('�



� 42 �������S���N���=������� 26  �lMU�o [6−8] 	_�3�q+�Z�y
���<�_/�-vdu�q+Z�n��� �3 ”[9] 	#Hv<��'0A}< (CGRO) nR�x�I – �9� BeppoSAX }<nRI��0X?��℄u 1991—1997��_v<�q+�Z�Gg1+�Xrv<���q+Z���>��3
	_�3R�MUO�Uk2K��q+��3e�y��Ja��q+��1uQYR<�gOK1�-� Band �(�� [10,11] ��q+�IlK�℄-vRua+�9+�a+�9+De
�CJ\ [12−21] ��q+1/℄RK#*F�+RKJ#*�>��q+J-��:!�~���!�FF
-��:!��rM�?n [22−28] �LrU8I�fDEÆ?�u�q+�<�Æ?+-U=t�DB�_U�0��1	#gv<���0I�� Swift }<nRX?��℄u 1997—2004� 11 &X#	_v<�q+Z��bU�0Z��3��q+�l16I<�3	_v<heU�q+�<��0�lÆ?vH#<�0��\�,d>r�q+�
'
yw�$�U�q+�rM�"~Z�� [29−83] 	_�3�q+�lO���er�fDE�\LXrÆ?��"{�U���T���0�,	#gv<��q+I<�~e�3���q+�l�zh���I��<�)Æ?�#<�0��I��hK	#0v<� Swift }<nR#a�	 Swift }<I�U8�43�0�,�}}�q+Z��bU43�0�Z��3 [84−86] 	\3� Swift �T�U�o�� 6.29 �e�o�q+ [87] vH9+ (lK�<9� 2 s) �43�0 [88] �L2�Tt$UI��q+?43�r�Z�vHI��0?9+�CZ��J�	#0v<�#gv<�q+Z��^K��?<�)Æ?�#<�0��ldIo�I<�43�0�9+�0�en�#<�0��Io�Flg�gI�,8��RlKyb0��ldIo	
�_�3I�U�C�1�J�{��T�8��T�,��:�?L28�,�J>Z���q+�z��ji62Z<�jt$	
2 ��s->4
Bb*�I�?��{��q+���<RL�b�g:RN5�D�/9
i[{r8�F6AY�.I�,	�}��t
�T���q+��9�< (δt) ���RL�(?Zu 10

ms[89] 	���RL��9�<-z9.I!�n5u� R ≃ cδt ≃ 3× 108 cm �Lx/�n5�-�.I!_���<W�n�RN�DB�_�b�<W�n�RN	F�q+l+\D�P��Ru Eγ,iso = 4πD2
LSγ/(1 + z) �O9�R$u 1046 J[90] �
	Lxe��R��<RL�RN�Pr8_��{u/9
i�>�J-��0[�RN��
i	�1\u
Qk=3
i-v[{�q+a}e��R�ki��eR<�F; [91,92] �ki�*b�<�D� [93,94] �?K[`?�a+�#K?�9+	Jl�F;,�D��g:�#k%26Aee
DbeR�/��0W�A$�℄ [85,95] 	a}���Xr�R[{1a}�/�/℄�7U[{�I
 [96] 	��8I�XrX"��
�M�}}8Id+fv"?l65(G [97−99] 	_f���}�T���q���1�QY1�DB�T���MR��q���R�� 0.5 MeV �MR�q��



� 1 4 .)���� Swift �
�r,��UI[��= 43��R�� 1 GeV �F*����uT℄)�?��Ru 0.511 MeV [94] 	uU8�)�?���,F�Xrr�}�T��Fe��q���8I;K'r�h7Gv"?l65+/	n�J\�O9�dT��1-v-R"O9r�q+8I�pk�}���
100 [85,95,100−102] 	X-g:�!��R�PJ�k�D��F�℄3D��=Ae��q+8I�e1�+niAe65J\�HC�e,W	�8I+f�"?l�e6(G+/���J\,W�65J\�#�651�i�n?�65v���FI{)}[{�DE�L���DEÆ? [103−105] 	�}�T���q++�Xr����DE[{�	�DE�Xr�dk%\u�\LXr;K�\LXrW�'0AXr�h
-��CkXrD����?u℄�_�M,y
-l	I��DEÆ?-v��"Æ��T���q+�9M� [105] 	��q+�+�Xry'#�Rb�8�8I�ev"?l651<p~egRK(G+/J>i
fM~e�h6[{DE�L��fDE [106−108] 	�q+��0��fDE[{�	fDE�℄-vRu 4 iL� (d` 1) 	y
!�DE�&�fM~e (� 1 >�) �2DE)�fM~e (� 2 >�) �QKvT+DE (� FS >�) R|�!�DE�&�"?l
N (� 3>�) �A� 2 L�
\
�65�XA��QK�5J\��uuJOK� CD R|�y!DE�&�"?l
N (� 4 >�) � 3 LX℄�K+DE (RS) R|	

a 1 �9J�f�g}�fBf�EF�ya [109]fDE[{#���fM~e����fDE�65sgm �L
fDE�6
F�"?l+/�Q"?l+/�
i [110] �_
i�/MMOi-�%u [52] �
dγ

dm
= −

γ2 − 1

Mej + ǫm + 2(1 − ǫ)γm
, (1)LD ǫ uXr0h (XrrP��RA2fDE[{����5h) �Mej u8Iq�&rr8��e�℄eR� m ui
�fM~eeR	�fDEI{#�DE��QY)��\LXr�6[{�}�T���0�1��9M� [34] ��N$��d�-dP(�� [34,36,111] 	�q+ps�~eF5>9k)�
�a}�1�lZ�nZ��C����QkF
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�e�Z [42] ��I�DLr�	��0<�Æ?J\��0�lk%℄du#<�0�	1�0�<�Æ?g�k%X-p<E�IA���#8��TU� (i��q+l+\D�RDe��C�M�0g�9M�1+# 0.5∼5 d 
��}J91�,��S��p<E�'
FQIA�L
Æ[{U�q+�'
Æ?�$��l%dP(�� [95, 102] 	����� Swift Dy
�T��R�+1 X E<�1'
�}J91�,�}}��q+�'
�1�W1 Swift ��t
euki
Q{�*M�
~_O��Z�F51#�i$�\%	�I�??�q+�\���q+vH�0[{�RN��`(u (d` 2) �1�rM�?n��<�<LRN��`)�{
j3;K�6?<N�"&����Pr����R�[{U"?l(G+/�8I (-�v"?l+/�'
�AÆ�1) �8I+f+/
ig���DE[{�}�T���q+�,�U#e6+/�8I�e�fM~eI{"&��AefDE�[{�}�T���0�,	
~�q+��%-vP&�� [95, 102] 	

a 2 �9J���ya [112]

3 Swift �>��=JK'
Swift }<�#ki�

/-{�16{+r���
CE<GT�M��T3�!�GT}<�ud���q+GTvH43�0CE<\��T	A$� 	�"I}<�wO�
�$u 7 �	 Swift 5�giGT<�.Æo"� (BAT) � X r�o"� (XRT) ��f

/ �Mo"� (UVOT) 	A�udp�E<��qr��Xr���M��fE<	 Swift }<�*M�<
v�MiO� [113] �T-�q+�:!�?�q+�CR<DGT8��q+k<�Z�DE�`)
ivH�psfM~e�"&���I��q+Z�43�r�1� X E<?R/�CUR	.Æo"� (BAT) � Swift }<��uI�q++�Xr;��GT<��
e\	5���℄�I%��TGT�RE<� 15∼150 keV ��?� 150∼500 keV E<���h
K��M [114] 	1GT��q+M�iX�� BAT6
/"O9r�q+�{
�U#%>L
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�r,��UI[��= 45�i+��TYZ�!-�WX XRT � UVOT 8�C#K�T	BAT GT��℄[bU XRT� UVOT ��℄�}}�1?ki�q+�C X ��M��fE<�T���}-v\��T�q+�+�Xr	 BAT �
Qkp�ÆÆ��q+ÆÆ�URÆÆ	�q+ÆÆ-v:��q+�{
�URÆÆ-v:�� X r�(�	
X r�o"� (XRT) ��8TR�q+ X r�Xr�
R��1��9M��r<�A�GT�RLsu 0.2∼10 keV [115] 	A?
R�TRLs-� 7 iRL	 XRT -v1�q+uI# 10 s X�?A�T-{� 5 io��DB1u+uI# 20∼70 s ��℄�W6H��q+� X r�?�N��C43� X r��0�T	�f / �Mo"� (UVOT) �E<Lsu 170∼650 nm �[
?-{Lsu 0.3∼2.5

′′ ��q+�C�T�:�_+�0��M`,�"~��1 [116] 	A�	d5�e�-v12� 17 RiX��T�#�<�u 24 ���M !�?�o/� 3.5 �!�-v[
�1Yu��_!��o	�v?�GT<"5� Swift }<�
v�Mi=3I% [117] � 1) A�\	5e�5
BATSE \	5eg0�
� 2) -{Ls��-viziGT���q+�/℄O{T-1
0.3∼5

′′ Lsv�� 3) K��℄1�1+uI#� 20∼70 s �9��℄�� Swift �
/""
BAT � XRT � UVOT o"�?��q+�O{�GTA�+�Xr� X r�XrvH�f��MXr� 4) -vYuT-�o	1> 1 �> 2 g�}mr Swift }<�6?�k2GT<�udO��5s�"~(�8
6uinC	 1 Swift QZ0ENO#F_e�!*'�7' � Swift(bat) BATSE Beppo-SAX(pds) HETE-2(FREGATE)�1HV�B cm2 5 200 2 025 600 120�^LPp 1.4 4π 3�SMt keV 15∼150 20∼10 000 60∼600 6∼400HVik · ! −1 >100 ≃ 800℄
6 10−7 J·cm−2

·s−1 3 ×10−8 3×10−8 2 Swift QZ0ENO#F_ X !*'�7' � Swift(xrt) Beppo-SAX(WFC) HETE2�1HV�B /cm2 110 140 175�SMt /keV 0.2∼10 2∼30 2∼25℄
6 /10−7 J· cm−2
· s−1 2×10−14

≃8×10−9�� Swift }<1wOn�I%��AnRv#��q+��TO�UF���<�_/	x℄� 2007� 5& 23^�BAT t
�T 250i�q+��$zpGT�Qi�q+�6g
 15i+� T90(�q+�lK�<) /� 2 ��6?�2$�a+	1L 250i+g�n��}E���W
 222 i+
 X r�Xr�T�℄�L6g
 91 i+1.I# 100 s $� X



� 46 �������S���N���=������� 26  �r��0�T (6g 77 i1 1 /�#
T-�
R(�) �
 70 i+1.I# 100∼200 s $��T� X r�Xr (6g 54 i1 1 /�#
T-�
R(���
 9 i+� X �0:��℄u 200∼400 s(6g 6 i+1 1 /�#
T-�
R(�) ���� 52 i+6 X �0:��T�℄2�� 1 000 s 	1 Swift =GT��+g�
 205 i
�M;K�f�T�6g
 70i1.I# 100 s �$��M�T� 70 i1 100∼200 s�$��T� 9 i$�� 200∼400 s �u
 57 i+T-U<��6?��CT-U<���	1 15 i9+g�
 12 i+� X r�:��T�℄21.I# 100 sX��
 9 iGT�U43� X r��0�
 4iGT�U�o�
 12 i�CU�M;�f��T�6g
 2 iT-U<��6?�T-U<����	_f� Swift }<,GT�Uki�ou 6.29 �e�o�q+ [87] 	vnR��`8
 Swift�OnC [118] �o$���`GPd_nC	
4 X t!65�2

Swift }<nR#GT�U X r�43�0�L
�y� Swift nR?6?}<��� Xr�gj3�0(���}-v:��uI�9�℄��a�℄� X r��0�hR�9M�	
~43�0��9M��(�-v��� [119] Ls�"~n[:�	?�R�+�CZ�Dy�j3�0��T(��DB�Z [121] � Nousek �Z [122] \u�q+� X r��0��
iJ\�MRwe (d` 3) 	` 3 g�
iMRR��� I 16)
v<� II ,-

a 3 X s �1iS�:N �ya [121]� 0 ÆÆ?,�Yuw=)
v<� III T`)
v<� IV}J#�'
v<�Vlg�,	 I � II � V $�43�0v<�� Swift }<�T��� III � IV �1 Swift nR?�6?}< (a BeppoSAX) I���-v�<��0Æ?H#<�0� [32−34,40,41] �'
Æ? [38,53−55,70,71,123] Wv{�	 I� III ��MR+2��T��eR�lg�,1	k'�+g�T�� II� IV 8J�zi+2��T��	k%O X r��0�
R Fx ��℄ t �+h ν �~�u
Fx(ν, t) ∝ ν−βt−α, (2)
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�r,��UI[��= 47�8L
iv<�=3IPa� [84−86,124,125] � I 3 ≤ α ≤ 5 � 1 ≤ β ≤ 2(300 s ≤ t ≤500 s) � II

0.2 ≤ α ≤ 0.8�0.7 ≤ β ≤ 1.2(103 s ≤ t ≤ 104 s)�III 1.1 ≤ α ≤ 1.7�0.7 ≤ β ≤ 1.2(t ≤ 105)�
IV 2 ≤ α ≤ 3(t ≥ 105 s) 	F? V F_�lg�,�16n|�16�m�fA�m-kiP(�℄ t0 �86n|��m>�Æ->�u� Fx(t) ∝ (t − t0)

±α �DB 3 ≤ α ≤ 6 	
4.1 �=ML58)�1?16)
v<��
U{��+�Xr��#kitp;K��0v<�kilg�ex5Xr (hdMh0�) �h��8
Do�� 1/γ MR�Xr [126−130] 	ex5Xr;Mh0��=3`(-vL
�{����q+8I�"?l+/�"?lG'0�Au��h��-��q++�Xr��T��_��}T?�"?l8IDo 1/γ v�MR�Xr	DB�Z [121] mrU}Mh0�F[{16)

i�=3�l�=3���l%����}ad"WvI%	X-'
�Dou θj �18I'�u R v��ou θ(θ < θj) �MRIr�Xr2u����℄u t ≃ (1 + z)(R/c)(θ2/2) �L

�XrlK�℄u

tcur = (1 + z)(R/c)(θ2
j/2) ≃ 330

(

Rθ2
j

1013

)

(

1 + z

2

)

s. (3)a�+/�e�pk�}�u γ = 1/
√

1 − β2 �8C0;}�u δ = 1/[γ(1 − β cos θ)] 	�
θ ≪ 1γ �� δ ≃ 2γ �F� θ ≫ 1/γ �� δ ≃ 2/(γθ2) 	�}W� t ∝ θ2 ���� θ ≫ 1/Γ���� δ ∝ t−1 	�}W��T��
R Fν ��C
R F ′

ν′ Z�~� Fν ∝ δ2F ′
ν′ �FB ν = δν′ 	X-�C
RZ�a���g~� F ′

ν′ ∝ ν′−β �8
�
Fν ∝ ν′−βδ2 ∝ ν−βδ2+β ∝ ν−βt−2−β . (4)�
R>�Æ��}-v���Mh0�F[{�16)
v<�ki=3�~�Æ�

α = 2 + β. (5)_~�Æ-v`a�}�T��16)
v<�J���Mh0��:�	PEw�Z [130]I�Mh0�? 36 i�q+�16)
�CU"~`a�I��MR��q+�16)
-v�Mh0�8{�	e16)
T���Mh0��:�8xz�+�Xr��0Xr�8
J\�L�	\���},-vI�16)
v<Xr� X 
R���0Xr� X 
R8T-+�Xr
i�P��R�
�R�~�	�Z�I���Mh0�8{�16)
�8dK1+�Xrv<
�e��R�P�d�Fn�v?��DE�lÆ?�J��Lxe��R�P0h	L��?Mh0�{����ki3��J{!�6�	sU�Mh0�8{�43�0�16)
�,
ki5s���{���[{+�Xr�)�16"Y=S
igXr [85] 	DAA�Z [131] ?16)
v<��1�CZ�I��
2�q+1_v<�1�A�1`)�-�L2�q+�16)
v<-��8
+�XrL��=S
i	?�.j;�+|℄F5 [132] �-vK�v=SF5��Xr�9



� 48 �������S���N���=������� 26  �M���℄\(u −5 ; −3.25�F?1=SF5�8u −7 ; −2.75 	�L
��℄\(vH?��1\(_���Fo(�+�F?�MR�+�J���	1?43�016)
�{�g�,
�C��lÆ?h1_�{�_�,�L2�lÆ?R�
�1'
psQ_~�Y�?�N"?l(G�Xr [133] �>;F5��Ye
=N�Xr [134,135] �g:RN'r�1�M)���IXr [136,137] �I,,WÆ? [138,139]vH(fU�'0A0��K+DEXr [140] �	�Jl�kÆ?�2J�\�{�=
�T��+	}}��I�1��lÆ?��}-vN%�43�0�16)

i;H�Ck�dD�u\���y�	1�MR�+gMh0��XrAu�"{�F?k2Fo(I"�+8��+�;Kg:RN�J\�hH�16?�[{�d	
4.2 �1BL58)1+�Xr�^K0�y';K1^K0�J0����"�fDEXr$�I/��U	���{��IfDE�T+DE��l�[{��9M��JAe` 3 g�-v)
�MR	}}��
U"%�143�0v<�g:RN���;K�DE[{�#K0��_,1�&+fe6+/��e�L
1fDE
ig�6r�
�Ryb�F5	a�
f1�R�yb��x�0
R16)
�F5�6I{a9�9e,-)
�FA�h�r�U-v)
�v<	a���g:RN�/�1+�Xrv<�"�R.���;K6?�k2yW�}���43�0v<fDEy
�Ryb�8J6r�-v)
~E��
�6r�T`�)
�9M��}}
2+y
�T�-v)
~E	\��L
hmU�}ki(Yg:RN#3`)�ki�<����I�-v)
��Ryb�(8U{g:RN#3�`)�g	�R;K�eyb�fDE�60�AeTKDE�L2du0�DE)
i [141−143] 	0�DE) (�R;K�eyb) WfDEg�T+DEk%��}\u7e43�0-v)
�=3�d	P(�� [121] ~pUgk�RybOÆ�FP(�� [122] ~pUQk�RybOÆ	13�g�}n�P(�� [121] 8~pud�Qk�RybOÆ	#kk�{�Ryb [143−146] 	X-g:RN�7/lK�℄�ya�_F5���g:RNu16L{�g�< [41,75,147,148] ;K�a�℄�1��0W+��℄ [149] �a�g:RN�l+\D�59)~�Æu [147]

L(t) = L0(t/tb)
−q, (6)80�DE)
i��fDE�l+\D
�R:�℄�~�u

Eiso ∝ t1−q, (7)U#�I�0�/MMOi-v{��#��9M���1	uU�g:�!�ylK?fDEyb�R�g:�!#3'r��
�65�5fDE�65��W8��Jyb�R	a�g:�![{��
�v.�Z
Ruu�LkdK�`wu�	(ZÆ��y�hU�ULkÆ?-v���T��k243�0��9M� [148,150] 	#HkF5��eyb [141] 	X-g:RN�7/�℄F693���1u+y'#�Ae�'I�e�
OK�pk�}�RK	?�pk�}��� Γ ��eRK-\u�T
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�r,��UI[��= 49�����g�
M(> Γ ) ∝ Γ

−s, (8)��
�R�>�Æu
Eiso ∝ Γ

1−s. (9)n��ld��O9�-v�� s � q ~�	OI-� s � q Z��Ryb��eyb?fDE��&��0��2-vAe�T��-v)
��9M�	a` 3 =��43�0�=3IP�}&�� II + III 
7���1\(y
I{9)	y�vnÆ?��T(���}-v�� q �Zk%u 0.5 �
	FByb
iQ`,'�y
�x��Fo	LMiI%�[�ki�lÆ?2Fd{��	 X r��11�9M� II � III �{J�.y
I{9)�xz�_{J�,F
-��/MM
i7e����N�x/MM
iSJW�	_f�yb
i,'dKg:RN��59)�,'��L�x℄n\ug:RNJ�8�P�R[{�q+�"wB	g:RN�P�R-�
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[143] Rees M J, Mészáros P. ApJ, 2000, 545: L73

[144] MacFadyen A I, Woosley S E, Heger A. ApJ, 2001, 550: 410

[145] Ramirez-Ruiz E. MNRAS, 2004, 349: L38

[146] Lee W H. ApJ, 2002, 577: L893
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Observational Study of Gamma-ray Bursts in Swift era

DONG Yun-ming1,2, LU Tan2
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Abstract: Gamma-ray bursts (GRBs) are powerful explosions in soft gamma-ray bands in the

Universe, with some distinct characters–short lasting times, high energies and powerful explosions.

They remain mystery for long times since their detection in the late 1960’s. The breakthroughs

took place in 1991 with the launch of the Compton Gamma-Ray Observatory (CGRO) and in

1997 with the first X-ray afterglow detected by the Italian-Dutch satellite Beppo-SAX. A new era

in GRB research on early afterglows began since the launch of the Swift satellite on November

20, 2004. Now, more than 200 GRBs and early afterglows are detected by the Swift satellite.

The early afterglows, the afterglows of short GRBs and the high redshift GRBs are observed by

Swift. These new phenomena of GRBs give us some new clues and methods to investigate the

nature and origin of GRBs. In this paper, firstly, we briefly review the history of GRBs, and then

introduce the physical picture of the GRB study. Secondly, the structures and the functions of

Swift satellite are presented in § 3. Finally, we discuss the observational achievements of Swift

and the theoretical challenge, including the early afterglows, the afterglows of short GRBs and

high redshift GRBs.

Key words: astrophysics; gamma-ray bursts; Swift satellite; afterglow


