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Swift (�H�'4y�Æ����IKJ
(�1�[U��:����1 361024)?9�w)�#)-�XSrY��-0�0>h	 Swift ���mF�~y Fermi ���o�PE$gQ�$�w))�gQeuvD$GG	dr Swift �gQeu(w))�0�1P	GhK�}��- Fermi ��Z℄�h7)PEli�B�9V�vGhKZS)�B��Nyw))u�S�Æ�Z℄�	��kV	B�� Swift y Fermi ��0��h7w))�gQy}$ZSG)	� � ��w)�#)�B��N�w)�#B,����P172.3 ��� .1|)��A

1 ����℄
Swift �gS+C#�v(�"( (Gamma-ray burst,-^ GRB)fP�?���\lE�}�#��2' GRB �/�0O��FgJ�|?�Fermi �Æ6 GRB 'P_ (Gamma-ray

Bursts Montior �-^ GBM) xy5tr�P (Large Area Telescope �-^ LAT) dtfP��n�D�C#�X (v 8 keV �y� 300 GeV) �u�2YR(�A��Mx GRB �\�Y\����jU�0�4AÆ Swift x Fermi �?/��g6 GRB �fPx|#YRF(�Y(��� Swift (�|#xfPm>/O`�� [1-3] �
2 x** X �$��C�zmTC�
2.1 X &3=���{"3� X &3:�

Swift �lE3�D�xj|� X �"VP_ (XRT) uVP X �"�A�|r��y�� *�$!�2010-06-23 � 7�$!�2010-11-17FD5��E3�eK�Nr=,� (2007F3105)
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X �"��gSX6,�\k9o"Xdt9u 4 S:# [4] � (1) #ZDK(=��lE�5:#��)4�C8dx −3 t�� (2) D8e-�5��)C8�u −0.5 � (3){�,�)C8u −1.2 �;.� (4) !{�dDb1� −2 ��5�W^/g 1 [4−5] � (1) �

(3) x (4) :#��27u�?/ [4−6] �

h 1 �$[ X �#Æ�C;$(xhK%o
?.DfFj�
 X �%d1�sl� [4] 
"�g:#�
UdD��M [3] �2��u,��n�Oz��aP�A�am�z���OtfP��,(0�"Oz��A����+Wu9Æ#���5��g!^uo�5� (curvature effect ��^y�A�� tail emission) [8−10] ��6,'3S5��(�?/�`�g6�a�hP�vR>~hRP�hr�qC�CR`}B_gSy��aP��&�3SqT�P�3�\��7�,)&��t& f{hu γ .k ��&��aP�">#Q Rc n (&��fP�)u tc) 
{7hA�B(�bE�{�#I"��Oz�Æ6�A��%A�rj�x� θ �fP�) t ��,�
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θj uP��.6�
�P����x��65��B�y L′

ν′ u_��U.eH�A���%fP2OfP��A��u� Fν ∝ L′

ν′D
2 �\R D2 = [γ(1−

√

1 − 1/γcosθ]−1 u+Wu{h�"#Z�
U�!ip�θ ≪ 1/γ ��D2 ≃ 2γ �, θ ≫ 1/γ ��D2 ≃ 2/(γθ2) ��� t ∝ θ2 �{t�2�� θ ≫ 1/γ �� Fν ∝ L′

ν′D
2 ∝ (ν′)−βD2 ∝ ν−βt−2−β, \R β ,fPT� ν �A��XC8�3UJD'O� 1/γ ≪ θ < θj �ipm,_����p�g:#

( �5L9) ,GeT"Ge#Qn�OxA��\& f{h�y�,o θ ≫ 1/γ ��



� 2 [ �hg� Swift �~w)�#)�gQy}$ 177�,�)C8u −(2 + β) ��p`��)��5��3S�5�Y� [11] ��.UdD��M,�P�&���}�{h^,�A�V���p/�k�" 100∼1 000 ���&�gL9�,�D/2v�A.36"P�=�t&'#Q/��{h^T�gV�?=T�D_#Z�lE;. [11] �:#	,8X�mZ�A��:#B,��P�5��J�b1�,:#.,gS"fP=b{�P���/�3S-�5�:#"	,O�(�W���/�g!dt[M�
103∼104 s �Bdv:#.�:#	�_9qbR�XC8BGJ9 [4] �3S9U�/dDuR>D��M^� [4,5,12,13] ��,dDVv((�A�5�|rqB [14] �?brh��+5'9U�?/�+ShP�;C [15] ��aP��OzA� [16,17] �9��sfO8 [18] �S3��hD��3�AO� [19] �

X �"���gSX6,�"Jg#� Swift ( X �"�R�fP�gw��lE��K�lE;.�b/�/ [20−22], "Z( [21] x�( [22] �R\�/��g 2 (a) uZ(
GRB050502B � X �"b/�/� (b) u�( GRB050724 � X �"b/�/��g6 X �"b/�(���>AD�3� 15 keV �/�9u X �"
 [23−25] �

h 2 X �#0�0 [21,22]

(a) w[+ GRB050502B 
 X �%d1�1� (b) w"+ GRB050724 
 X �%d1�1

X �"b/xa%�X�,� Swift (R� 50% � X �"�W� X �"b/�'Ge�(�h��b/u8G��b/�<�3���<�d0S+g�n�Kh���)9m,9n��(R X �"b/h�"� 100 s ��gu X �"b/mD��=�v((A�D�2Au 0.1 ∼ 1 ��,e��k�� GRB050502B [24]; Swift (R 60% � X �"�RfP� X �"a%� X �"b/x X �"a%,G&��#Z X �"b/�^�~2'R>D��MX?,5'�(�L�Bt�g!�u,R>D��M��OJ [5,6,25,26] �{�~ [27] �u<Rh?B}��D_\yO�7UP_�Rh?��7UP_q��sV�qbV��( X �"b/�e�~�u�(,\yO�s?^��RPN_��=bdt�b/��t?/ GRB050709 �gS X �"b/ [28] �e



� 178 �������_���R�G�)������� 29 Z��~V�gS�(;C�Rh? +  �?�f�Rh?����PN_���V�v((� �?L��/�����V� X �"b/ [29] �
2.2 �8	&�+~

GRB041219A, Swift fP���gSW�kQA��(�RW�\Z�M�)x�(e��kQA��,dRe,�"SfP�(:#�kQA��(=g [30−32] �y� 95% �(dtfP� X �"���,F�y�g#� Swift (RfP�kQ��WUk9o"�Da4kQ�9u 4 UwC�lE���#>�-���m>�UO�x2uP���VE;.�g 3 �h 28 Sr;�l�v((�kQ�k9o" [33] �

h 3 28 Ts<�m� GRB lRÆ�l:p#�℄Eb:x�rk�� [33]�y�g#�(/�fP�kQ��36(/^u�(�'��(�_{?b��

h 4 GRB060206 y GRB060210 �$[4YlRB��rk�� [35]



� 2 [ �hg� Swift �~w)�#)�gQy}$ 179�+?/�2��O�1�3��O�lE;.�℄��1�O�l~^� Ly-alphaFLx�1�t�0������,�?buE/��# [34] �KjkQ��fP27��,fP��kQA�y+�gS3X�HO�gSUU�58egSlE���{��5�g 4 , GRB060206 x GRB060210#Z�3XkQA� [35] �g!r?�"gSyO�?��:R��D_gS?�O=�O�sf�CO8�Ke�k�_�,J9�A."�O=�O��l��J9sf�CO8dt?/363X�kQA� [18] �e�~�u363X�kQ�r��R>D��MV��gSy6�P�a�P�� [36] �S?(�kQ����Hdt�^L?8fP�� GRB080319B [37] �
3 !*	��zH\A�	hR�(��/��<��;.�l�5LfPo_*�el�M�dD^��(���SwiftNuW�3SD��" Swift=b��(��/�/h�ÆfP���"S�(/O^VP�kQ���� GRB000301C [38] x GRB040924 [39,40]�{,3"S(�M�<�u 1∼ 2 s�"7�� X�"C#�HZ� 2 s�{tGDIluwy���(�XQ?r�F�VP�M�<G\q 0.3 s��(kQ����MDI,48<Ge�(�YR�}��r�GRB050509, Swift �?VP��gSM�<E 30 ms ��(�R�#Z (,/� 62∼ 262 ms)X �"e/ Swift/BAT VP��\��2g!iD [41] ��"� GRB050509B [42], GRB050709 [43],

GRB050724 [44],GRB051210 [45],GRB051221A [46] �fP����g 5 Vh�( GRB050709�� [43] �

h 5  ) GRB050709 Æ��gQ h 6 CGRO/BATSE gQ�� 222 T GRBw�q�<A. X �%�nU{ �dN�* T90 �:I�rk�� [50]��E%
iS�sl� [43] 
�(�My�}#�'�(G[?��VP_udD�J{?b'G[?��fP8?�{27��,'�xG[?��fP27y�ÆMk��(�PN?;Cxs?



� 180 �������_���R�G�)������� 29 Z�;C���(��dD�<J3?�B}V��"r��`0R�$��?D_?�e�j�?� [43,44,47−49] �\R�j�?�_93g�=8H�g6�(�b�?�tI?p��:��(^��<J3?B}�f��Y+8U��v4�℄�f#�(��l�G[?���("G[?�R�}L�v,YuÆy��(�^��
4 i8 Swift *	hR) GRB ;y�℄[iq�N� GRB �9w,WUM�)�g!� T90(Ckh8v�#8v 5% � 95%) �2
T50(Ckh8v�#8v 25% � 75%) uu�C�<�?b^��9w62,� Kouveliotou�~ [50] Yh��Q2' CGRO/BATSE(FF9��/�=�A�M�) T90a<>9H�U\A9?, 26.2 sx 0.33 s��g 6��t4 GRB9uZ( (T90 > 2 s)x�( (T90 < 2 s)�{,�L9 Swift(�fP'3U9w2Yhp�����GRB060614, GRB060505, GRB090426��fP#~2V<`� GRB �9w�2��/�9U=8Z( GRB060614 (T90=104 s) x
GRB060505 (T90=4 s) �\<?_9 [51−54] �GD}Z(�PN?;C [55] ���~ [56] Yh
GRB060614,gSX5�(�dD,gSR�O���F�gb�?�J��Z(GRB060614�g6fPHO�X6�X�C�(&D [57], #�R2Y-gS�(�\u� GRB090426�M�) T90=1.2 s [58], 
p�Iou�(��,'G[?�x#Z��HO9�=8R�yO��?�R>PN?;C& [58,59] �q�� Swift/BAT �k9o"=8"	g#�("gS 0.1 ∼ 1 s ��A�=���gS7��[(Hv(A�xgSmZ� X �"b/�yKM 10 ∼ 100 s ��g 7 O'�3S[(HA�#�(9_Z( [22,60] �

h 7  ) GRB050724 � BAT l:p#u�\)IB��rk�� [22]vfP��g!r?�=� GRB �X��v����9��{t�B�[(HA�v�
spike R9hr�'36�([(HA��fP�#�~2�B�36(o�Z(�2�(�'�2qf�9w6&Yh<�a,�{t�u' GRB �9w5LWUR2���G[?��,GEE,(0��M�) [4] �
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5 
�n*	I+

BATSE ZZfP�>p=8� GRB "69H�W�O�U.eH�"Q.�a�8\�9H�3w|e GRB �dD,�WQ^��,8}~�C^� [61] �jv 2004I Swift �?/�tr�W�y��l�(�8�yyYO�g 8 �hv Swift/�� 2007 I 9 �_ 109 S(�l�9H [62] � Swift (��lU\A" 1.95 s��,=b(�l�U\A" 1 s�� Swift (��l2tb�(aO�3Sn?dD,�� Swift fP�?2tb�fP�? BeppoSAX x HETE-2 a�7�

h 8 Swift )y BATSE )�m�:I�rk�� [62]

5.1 
�; GRB � GRB >C8v((=�A�x�,�W�nq�C�8��R2dt" z > 10 �Æ6��"�fPo_2� Swift/BAT x Fermi/GBM fP� [63−65] �Yy��dtVP��l�(�`0GEdt�r[�=�A� [66] x�A� [67] �k�t8�\�,ddt�rt�WQYR [68] �
GRB ?b"�WQ����[a,uu<dZkPX{�&'�\<?\[a��,dt[����n�g!�uZ(dtuu�WR�l" 2∼10=)�<dZk��+YRz^WU GRB fP8U'�WQYhg6!M [69−72] �Kj"369�R�' GRB �k�~hG,X?fÆ�,dR2�4de,gSy�\ [73−75] �?b GRB ��l9Hv 0.008 5 (GRB980425) [76] � 8.2 (GRB 090423) [77] �_u|)�VPO�lAO�V5�
GRB e,VPO�ln�?D_"��WC6=�_�"�|)ZW [78−80] ���Z(�yO��?�Ao&�{tdt�rVP�?D_"�u�YR GRB x�?D_=)���~2pp&� GRB �,/���?D_� SFR(u^ star formation rate) _82�'�P� GRB �l9H�fP9HFF27 [81−83] ��p GRB ��?D_���A. GRB



� 182 �������_���R�G�)������� 29 Z��,/���?D_��2A RGRB/SFR �IG�Ke�l�J9,J9��,�WU?b'�?D_�"�|?x Swift (��l9H���g 9 �/� RGRB/SFR Ke�l��O,�O�3dDw|e GRB �,/�$e�?D_"��exC6_�"� [84] �

h 9 GRB �-0����E`��3B��m�d��rk�� [84]

5.2 ��; GRB � X &3%
X �"
 (X-Ray flash �-^ XRF) W�2�C GRB Y��XxY�U+eHD�,

GRB .YY�X�[��, GRB �gShw [85−87] �#ZiP X �"
,/�"7�n� GRB ����WQ5�#�R2Y��Y���,'g6 GRB �l�P�/���g6
X �"
,/�"HJ�*1�2�� XRF020903 ��lu 0.251 [88] � XRF040701 ��lu 0.21 [89] �'�l�fH�YRe=8 X �"
BG,O�ln� GRB [90] ��l�k��( GRB060218(�l z = 0.033 [91] �U+eHD Eiso = 1.9× 1042 J [92]),, 2006I GRBfP��Vy/�=g�,gS GRB�\<?_9�Va�h�GRB060218, Swift/BATm/W�\ZM�) (T90=2 100 s)�( [93] �XRT o_" BATm/=� 153

s ℄%fP�BdM� 12.3 d, X �"k9o"�gSZ�-��xY2;.�m+ [94] �
GRB060218�Xv�� BAT D#_���� XRT D#�Ke�)�_��gS>AD�/�" Ep=4.9 keV �� X �"C#�{t/�u, X �"
 [95] �WU GRB060218 �8}k9o"X6xDX�/�3S(�A��MxqbX�C(/��y�Uz�OtfP��Z�<��XdD,��3S(�7^& f{h7OJ [96] �

GRB060218�X"
S66�"Ke=�8}A��gS�� X �"}A��"#Z�yK t < 1 d �gS��kQA�� Campana �~ [95] /=" Nature Æ���-eYh GRB060218 #ZA�����u 0.17 keV s��}_9�3U}_9�^��℄�?/
GRB060218 fP�/��qf�;C
2?/3S(�} X �"A�xkQ���~'y� 103 s t��mZ��8UFFG}��u GRB =�A�dDr��gUCL~h��s



� 2 [ �hg� Swift �~w)�#)�gQy}$ 183�?�u� [97,98] ��,3S;CEE?/����,�u X �"�,gSR>~h�M���Bd/�'=� X �"A�x#Z�kQA�FF?/ [97,98] ��3S#Z�kQ�x=�A�R�} X �"A��?b�"UdD�?/�2�� Campana t� Waxman �~ [95,99] Yh�gS8kQ/�\<?�C,/;Cr?/3S}A�_9�} X �"A��ODxM�)�Zw|e�CA�#Qa2b�?�#Qy�+� �gS�y�O�M���"�C`^9_k&=��8"Q/�\<?P��RT�/h}A��e���\<?N��"�C,/��7^_W*A��Mdt?/8}v(A�x X �"
 [100] ��,�3`�gU^�GydD,#Z/���BdkQA��3gL9\!,} X �"A�_9.D#�[� [95] � Chisellini �~ [101] �kQA�al�A�6a2} X �"_9�[�y�+�YhkQA�r��gSj�1�eJA���3UA��Mal���27O�A�6273�w2��<d;C�Q2Yh�&'#P�r?/� Bjornsson �~ [102] Yh�kgU;C��ukQA�,��kQ���P%EA�V��3U;C�0,�1�h�O��T-W�v((g`�v�hwhr�}�"#&'#C�CR/%E�k!R`�L9�D�qV�h�, X �"kh�H_W*zx#��h��� 100 keV �3`gS27O����kQA�w|egS�} X �"_9&D�A�n��3Tdt�gS;C����kQx} X �"A�DDÆ��"g^�kQx} X �"A�,
S���X_9��,R2�rj�gSdkD��Mk��kk�3SkkX�OAO�u�V���A��
6 Fermi 	hRz'e~%
6.1 Fermi �~

Fermi , 2008I 6 � 11 �/��i�ODr�P�D#" 8 keV � 300 GeV �\R%s
So_�Æ6 GRB'P_ (8 keV∼40 MeV) [103] xy5tr�P (20 MeV∼300 GeV) [104] �v Fermi �?/�� 2010I 1 � 22 ��_fP� 375 S GRB �g 10 Vh LAT x GBM f

h 10 =I� 2010 J 1 � 22 � Fermi )�j*:I�rk�� [105]



� 184 �������_���R�G�)������� 29 Z�P�� GRB �i)9H [105] �y� 100 MeV (�fP��'��O�gS!M�Bddt$℄|?D��\,4�X?�^�J{ LAT =b�ODfPo_ (CGRO/EGERT,

AGILE) e&NfP�"Sy� 100 MeV �kh [106−108] ��Goty� GRB �A��M [108−110] ��"� LAT �=b�ODVPo_&2�0W�69;�x�5fPn��yyYO�� 2010 I 4 �_VP� 16 SODkh (> 100 MeV) � LAT �VP�u0I 9.3 S�3SVP�w|e GRB =�,/:#A�hr�D�F� 10%∼20% / LATVP��yL9 GRB �ODA�BG�*mD� [111] � Fermi 'v((ODkhFFfP/�g6�t��/�� GeV A��[e�xxM�)2=��v(A��M�)Z [112] �g 11 Vh� LAT fP� GRB080825C � GRB081024B x GRB090217 �=�A��k9o" [105] �vo"R�2dt^� LAT ODkh&'� GBM Dkh[e�x� GRB080825C �qOkhD�u 572 MeV �[��)y�, 35 s; GRB081024B �qOkhD� 3.1 GeV �[�y�, 3 s �, GRB090217 "	/�[�xODkh�A� [105] �'�3S[���+UGe�?/�dD,�� GeV x TeV �khW�Ge��|^� [110] �edD,#Zk����Vh	|�&!f{hT3�JA�n�'
GeV �kh,kQ�� [113] �

h 11 LAT gQ� GRB080825C � GRB081024B y GRB090217 �>�l:p#7�
K%>)<�
 ++R�sl� [105] 
\u�~2' GRB090510 x GRB090902B �YR/��[(ODA� (> 100 MeV) �M�)2=�A��W MeV A�M�)Z [114,115] � Abdo �~ [114] YhhP�A�;Cr?/3S�/� ODkhGDWvh�kh�W�~^P�A�� Kumar �~ [116]Yh GRB080916C �OD[(A�,�k�C�eJ%EA�V���3S;C/�r?/\Qv((�OD[(A���� GRB090510 [117−120] x GRB 090902B [121] �n�~ [122] �� Klein-Nishina 5�r?/[(ODA��/�dt�uÆ?/ GRB090510x GRB090902B�[(ODA��q�� GRB080916C�8U�'� keV-MeV-GeV X��8luD} Band



� 2 [ �hg� Swift �~w)�#)�gQy}$ 185�t8 [123] �,/��|X�<&��2" MeV-GeV=)�H%�a%��g 12(a)O' [115] �,�( GRB090510 � GeV C#�=�A�Xk� Band Xk��gS��4�X [114] ��g 12(b) O'��k�"Z( GRB090902B R�e/��gS��4�X [114] �

h 12 GRB080916C GBM y LAT Y�	9�:�rk�� [114] y�� [115]

6.2 2A��E��6 #&!fG9H,�{�U�y&'#�gS&��WU( GRB080916C (W�qO�khD��"(� 16.54 s x� 13.22 GeV) �8U#I��� LIV (Lorentz invariance violating) �!M� '�h~�O�f��'3�!� MQG,1 > 0.1MPlanck
[111], 2tbqu�`IOgS8�!�

LATVP�rj�lu 0.9n���< (M�)3� 2 s)8X� LAT(GRB090510�"\k9o"Rdt^�8X',(� Spike �O/�� [115] R�g 1 �WUI(RVP�gSD�u 31 GeV �kh&'�\QDv(kh��x�)Q� (3� 0.86 s) ��gu��"H&!fVwO'���h~�D2WsgD�y� MQG,1 > MPlanck
[111] �Mk�&!f'^HVw�dDH�98��{�U"�y&'#RYh�&!fG9H&�,8y��

6.3 ���E<G/2�2A
GRB =�,/W�8Xy�U.eHD�����)f���y��khD� ≥ mec

2 �3`�ODkh�IW��y�k�,
2/fP��3T,� Compactness problem�[124] �?[3S�\alv((�O �g℄%5L,&'#�� �A�n��&'#Q/r?[3S�\�'� EGRET fP��g6(�khD�y�" 100 MeV �u�vA�n�W{�65 γγ ;.�A�n��&!f{hal�y� Γ ≥ 102 [125−129] �
Fermi/LAT �?fPY+YOD�v((A���g6��(�X[�� GeV ��H��"S GeV �R)/��|<&�&�36ODkh� γγ k�3� 1 �dt��YO�&!f{h� Γ ≥ 103 [110,114,130] ��6�#Ig!��
S&��2��O��kh�OD
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Li �~ [132] Ch����1�ODX�<�/<&��3`�kh#I γγ k��{Gja�0�~ [133] WU 3 S Fermi/LAT ( GRB080916C � GRB090510 x GRB090902B X�YR�JJ�6
S&����3 3 S(&!f{h�!�!M��g 13 O'�

h 13 3 TÆ)�rzE�y'"g|i�d��rk�� [133]?b Fermi8X F�R� Swift�?t�\QÆ6�ODfP�. (�MILAGRO, VER-
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Observations and Theories of GRBs in the Swift Era

LIN Yi-qing

(Physics and Mathematics department, Xiamen University of Technology, Xiamen, China , 361024)

Abstract: Gamma-ray bursts (GRBs) are the most luminous phenomenon in the universe,

and their origin and mechanism are very active areas of research and debate. Through nearly

forty years development, today, gamma-ray bursts are accessible in full time window and in all

electromagnetic wavelengths of the events, with the satellites Swift and Fermi. Swift, the NASA’s

dedicated GRB emission, was launched on 20th November 2004. With three instruments, Bursts
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Alert Telescope (BAT), X-ray Telescope (XRT) and UV-Optical Telescope (UVOT), Swift can

“swiftly” catch the unpredictable bursts of gamma-ray in random direction of the sky within

less than 100 s. With its rapid-response capability and multi-wavelength observatory, the swift

satellite has provided high-quality observations of hundreds of bursts, and facilitated a wide

range of follow-up observations within seconds of each event. Swift has brought new surprises

and challenges to our understanding of cosmological GRBs. The major discoveries of Swift can

be concluded as following four points. First discovery is the identification of a canonical X-ray

afterglow behavior. Besides the prompt emission phase, there are five components in the X-ray

light curves, that are, the steep decay phase, the shallow decay phase, the normal decay phase and

the post jet break phase. The other one is the discovery and the location of some short bursts,

which enabled much more detailed studies of the bursts environment, the host galaxy, and the

intergalactic, and favored the idea that short bursts are related to mergers of two compact stellar

objects. Thirdly, Swift observations showed faint soft gamma-ray extensions or tails of some

short GRBs, which means that they are not necessarily short. The traditional “short & long”

classification regime breaks down, and another criteria is needed in order to define the two GRB

categories. The fourth discovery of Swift is the detection of GRBs with redshift. GRB090423 has

the unprecedented high redshift of z ≃ 8.2, and the mean redshift of the Swift bursts is > 2, which

is a factor ≃2 higher than the mean of the BeppoSAX and GETE-2 redshifts. The detection of a

long burst, GRB060218, is also the exciting result from Swift for it is the first time that a GRB/SN

has been observed minutes after the gamma-ray trigger at X-ray and UV/optical wavelengths.

The Fermi gamma-ray space telescope, includes two instruments, Gamma-ray Bursts Montior

(GBM) and Large Area Telescope (LAT), launched on 11th June 2008. Fermi has opened a new

high-energy window in the study of GRBs and provided a powerful tool for study of the radiation

mechanisms and the physical conditions for GRBs and their afterglows.
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