
A Unified Model of

Short and Long Gamma-Ray Bursts,

X-Ray Rich Gamma-Ray Bursts, and X-Ray Flashes
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1 � ��� � ��� � � � � � � ��� � ?�! #"%$'&)(*$)+-,
(GRB) .0/2143 10 57683 100keV 9 γ

&!: 3<;!5=683?>2;A@?B2C�D<E'FGIH�JLK=MON)P�Q�RTS*U*MWV
GRB / GIH2XIY B[Z\E]F]^_Z#`ba'c4B�aed)9gf<h S\G*H�JiK F�jM4V

GRB
:\k*l JLK D%9</ 1960 m%n<o?p?9rqI. S*U EsD V 1967 mABst'uIvxw2y*z'{2|%}�~2� :�A�gK 1gt2urvxw!9syIz�{ :g� C K F�j M 5��T��5]�'�?� M��i�)S]�A�g�r� 6 K D Vela

X[Y :�%�)� wT9g���2576��[E]F=� M γ
&=�#�%�<����� D)9 : GRB �r [9g¡T¢�£ SIU*M (Klebesadel,

Strong, & Oleson, 1973)
V

1997 m �%¤ 9 GRB 9 GrH /2`I9'¥?¦r9g3);�@)9 γ
&��#��� � M qr. � 5 Sr§#¨ 1%` K 5©6C<5 M q[.0/ γ

& 9�ª?@¬«<%� l 5[®]9%¯ M[J 1x°�±<²�³ $µ´¶+x·_¸¹, ²r1 GRB 9gº?»����s¼�?6½j S[U E]D V�¾ B GRB ¢ S 9¬¿<À :'Á ¯ SIU £e1 N%Â<Ã%Ä*Å2Æ 9%@ S¬Ç<È .0É%E2F�j?DËÊ
GRB / (1) ÌAÍ?9\ÎIÏ�Ð ( Ì!Í*9\Î*Ï�9]t §!J /s� 10 Ñ2Ò%m )

S]Ó q]E<F�j M 1 (2) Ô*Õ ÇT�Éx¿<À ( 3 10 Ö�5�6 100 ÖIÒ2m � � )
S'Ó qgE¬F�j M 1!.×jØ�8Ù2Ú[9xÛ l*:¬ÜIÝ©� F�j)D : 1�ÞªI/ ¤ Æ �#ß%à � M Ô[Õ Ã%ÄIÅ]Æ D � 9x� : t*pIáIE�D�Z=� SrUIMOV

1997 m 5 â 8 cWBxãAä=å×æ%9 BeppoSAX
XrY :'ç ®]D GRB 5©6W1'`I9¬o�3TªI@<576è3éci5®'Fgêë� X

& 9sì*Ò (afterglow)
:sk[l JiK 1Iq K B[ZgE¬F'í]î�Ésº)»���� :xïIð JiK D V `*9ñ?ò �Tó .gB Keck ô<õ%ö S<÷ �IÒA9gì[Ò : .?6xø�6 K 1%`[9 +¬·7¸b, ²�ù)B\ú*ûA9<ü]ý &A:l Ú[5IE<F'þ%�)ÿ�� z

: H 6 K 1 GRB
: ÔIÕ ÇT� É¬¿%À (z = 0.835)

S]Ó q'E<F<j M qr. : C5IE�D (Metzger et al. 1997)
V ¿%À : C%5 M .½°<±)²_³ $A����� � M qT. : ST§IMOV���� B
	� � M . 1052 erg �I6×j*5�` K � � .×j¹���=B%É MWV��� Z_£ ó�� D<j Y :���� . § B�� §sÓq4����� Y�� k 9¬°�±<²�³ $ �?6½j SIU*MWV t����_B��rE]F<1 Q! 9 "� : 1000 Ö?m!5%5)E]F# � � M °%±<²�³ $I: C ¨ 5¬3*>�;�9%@IB γ

& S # � J½K F�j M q[.sB�É MOV ¢%DgÎ?Ï�9%$<3& h�9 GrH �Ø.('�)�*�C�+ M q!.gBrZ=£ 1 a ÚT9gÎIÏ U Dë£ 100 Ñ]m=B 1 d*9
,-* S GRB
:Ó qxE'F�j M . �.� S[§IMWV �<� 9sm�/ ( � 50 Ö%m ) .10�2 M .W5?É £ f�3�B GRB

: Ó qxE]Fj M qr. : C%5 MOVQ� 154!Í<É GIH[�!6 z�� Ä%Çr�!7�8 576½1 GRB /�9 $;:x !<�=%> Γ ∼ 100 ?)h S ÌrÍ<9g��%@A��5¹��A Ü ÇA��B.CED , 5©6GFIH M ó 9�. 7 ø�6 K F%j M (Zhang & Mészáros, 2004)
V `9AZ=�LÉJA Ü Çr�-K�L
M "ONQP�R*:%S.Të� F*Ð%U SWV�X=��Y £ 1<`_q S!Z�[A� É�\ > 9J]W^ :Ó qsE]F 100 MeV ?)h!9'°�±<²�³ $T�Ió ÚO_ >r: F!` JiK 1 P ª[B 105 G ?)hT9!a)j%b-c óed

` JiK 1
_ >T:.fI <¸ 9 , 9  #�g �_� F X
&!: #Og J½K 1'Ò[9ih D�K"L $!j�k S Ò > °�±%²³ $I: Γ ∼ 100 l�B<É)E2F)1 γ

& . � F GIH J×K=M (GRB)
V�J 6sB'1%A Ü ÇT��K�L
M "[: ¢%C
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1:
����� �

GRB 9��?êTª?@%9	��
 (BATSE Web page Z�£ )
V?����� ù � GRB 9�)ê!ª?@ –� $ h ± +���� (Kulkarni et al. 2000)

V%����� �
GRB 9�)êTªI@ –Fluence (= flux

� ª?@���� D ó 9 )
��� V������ �

HETE
XrY 9 ç ®'D GRB 9 � $ h ± + ��
 (Lamb et al. 2003)

V��
��� ù Ê long GRB 9 νFν-

+'·=¸b, ² (Barraud et al. 2003)
V������ Ê X-ray flash 9 νFν-

+·=¸b, ² (Kippen et al. 2001)
V

£½9 Y @	�!@IB��)ÚI5IE<F¬w-U SWV�X=�JY £ 1 X
& � ÷ �IÒr1�_ X É=�09 fI <¸ 9 , 9  #�g: F H M (afterglow)

V qg9!Z_�LÉ%Ð U ´ w�U S.VOX��� ² (
fI �¸ 9 , 9  S.VOX��� ² )

:"!
# � É GRB 9 #�g �� ² .0É2E¬F2j%F<1 GRB 9 G?H�$ � ^�Z#`	%r¯x� M q[.#B�`�& � F�j M4Vqs9TZA� É�'2°2±2²A³ $ 9�A Ü Ç[��KWL M " 9�(�) � � §#Ó qi� ó 9]1½ÚI¢©£ GRB 9 central

engine /?¢)á?¯7605[B%É)E<F<^ 6 ¨ 1'Ô[Õ Ã*ÄIÅ�* tr9�+�92¥?Ú .sÉ)E�F%j M0V 1051 erg
� �

.Wj �-,[tTÉ2°<±)²_³ $A� ¥?¦r9Ø� � B�. # ST§IM#N?P*Q%R . � FI/�1 � D<j Y 9 � k ( �-�Y�� k 1/���� Y�� k ) �[10 Y ù21 > Y 9 * P É_� : 7 øA6 K=M : 1 U)M�3 9 GRB B Ü�� F/�1 ¤ Æ : GRB 9rù�4 N?P 9	5�6�É"7�8�É%9 S /)É2j?57. 7 ø�6 K F�j M0V

2 � � � � � � � ��9 : ; < = >
GRB ?A@�B�C�D�?"EGF�H�IKJML�NPOQSRKQTR�U criterion V�QWNYX�Z%9"[�\]D^�_a`PbdcfeSg
gKVh?�Oji	kdl�iAm�nSUoGpSqhrsl�t	udvxwzy|{�}�~�D��M��LA��^�_�{���������cAe�G�T���
o�pSqhr�I 2 ���j����QjiK{�� long GRB O 2 ���]����Qji	{�� short GRB l2����eS� 1 {����� �K��cTl2O bimordal ^��dD�U�k���Q�c��j��D��|�Gc�I�O �¡A¢d{�£�¤�¥�t�D���c�i�{�V�¦
cSlfQ§�-¨G©�i�¦�cAe
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� 2:
� ����� ©SC����
	������� l���������������ej¦�c���XS{��� !� w �#"%$�Z'& �jc�l( cKQ*)��+� U#,.-|I"@�B ` b (A) O#/10�243�Z5&���cSl76�Q58*9 w�U�,�-|I@�B�`�bsc (B) e: �<;>= {#?A@CBsc multiple sub-jet D�E�y�ed¦�c confine `�bS�#F�G|{�H�D 1000 IKJKL|{ �� ©TC sub-jet ( MS?#,�-%NO�P�� w ) ICQ
R2��Q]cTlTSVU�Bsc�e

WKX�Y[Z]\K^C_�`
GRB {ht�u v w yd? double power-law V>9�a7��w�V�b�c ( � 1 {Kc �Kd Hjlec � : ��fVg ) e
νFν- t�udvxwzy|{ih���v���j��Gc�k�lT{Cm.n�yiop� (Ep) ?�O�q�rSC�D�? Ep ∼ 200–300 keV V
¦�c�e|� 1 � ��d H��	�sc|l�O short GRB ? long GRB DpsKtT�*uxLevAw�t�u v w y�I*)A�
��V�¦�cSl2Qx�yx*z]I����hc�e>{G��OjgGg7|�}�O X-ray flash ~ X-ray rich GRB l��%��b c�O
Ep ∼ 10 keV N�& Q�{48�9§w�U�¤���� wPiKZhU��T�hQjg�l2IK�GZ�k��Vb���e
long GRB/X-ray rich GRB/X-ray flash �p�K���.�K�.��� ?

� 1 c ��� {����jD��K�a` bsch�j� D�O long GRB, X-ray rich GRB, X-ray flash {@�B%��{�^
�d?p�Gp|C�VGO�t�usv w y%���|{�}�~ (event rate ~�ohp|q�r�U1� ) ?��sN����GQ]c�gSl�Z'&2O
gfb�&A?���������V�¦hcTl��]�Gc�ghl2I�V%b�c2e 2003 } 3 � 29 �fD HETE �%��{� iw�� GRB

? X-ray rich GRB D^�_ ` bjc�I�O"�*¡iwK�GZ�U�� ( c"Q*¢�£�V�¤�¥�V|i�lh� ���i& b���e|g
{�¤��5�Mw�{ 10 �§¦ N�&�Q�{ afterglow {�k�¨.G|{�t	ujvxw y�?�m�n�yio*��{�©Ob�U�ª�¤��*«
I]{|iK{sl¬��§Lf��Q��	e�XV{���O long GRB, X-ray rich GRB, X-ray flash ?	mK���T{®«�I l¯�° L2��Q|cSlfQ§��gTlAI ( &2Z�D�U�k���{�V�¦�cAe
Short GRB – long GRB connection ?

Short GRB Z�&A? afterglow ?p �Z�k���±'&²GO long GRB D�s�tdcSl short GRB D�X�Q���{³�´ ?®µA¶�V�Q�U�Qh{�I�¢�·TV�¦hcfe�L ZWL O�QWN�X�Z��a�¸B�tObf@�B����TI�¦hc2e long GRB

{h?�R�0�{º¹ � l short GRB {	}�~S?K�sN��]�]i�{GV�¦�cSl2Q �gSl�I���Z�k��Vb���ea`V&
D short GRB Z�& long GRB D.����k���O fluence (= flux ��qhr®»�^MLA��i�{ ) ?o�pSq�r�D
s.¼�Bsc�g�l2Z5& ( � 1 � � : ��f�g ) OK£���t w { luminosity ?���U�V�¦hcSl��d�Gc�g�l2I�V
b�c2edgfb�&2{�g�l2Z5&fO"£���t w¸H�{p½�¾�yTt ( ¹ ��JKLTZ�¿�bK�%c ) {"}h~T? long GRB i
short GRB i��1R2V�O�o�pTq�rG{�À�Q�?���v�ÁSD�¾�y|t�{�|�{�À�Q�l��j�Gchg�l�IGVVbhcAe
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� 3:
� �

sub-jet {��.L�^�� ( �� � w���F]�®"K$�Z5&��h�G� ) e�� `�Q����|I sub-jet {�,.-.F
Gj�
	ML O���h? sub-jet {%H����.2O3e A, B1, B2, C ?*¿�b���b�@�B���{�����2O3��
	�B�e A

?�����U�Q�I�O%�� ��w���Fj� d "�$�Z5& ���Wl#b�V�¦�cAe d H (
:

)
�
A, B1, B2, C {����K2

3�Z�&����sl#b�{@�Ba`�bdc	t	udv w y ( q�r������
� ) e

3
� � �  ! " # $�% & ' ( ) *

��V����]�W��U short GRB, long GRB, X-ray rich GRB, X-ray flash {"@�BSC�_��G}�Z'&2O
gfb�&f{p����?��iRfV�¦�cTl����GcGg�l2I�V%b�cfe�¿�b]�
+�,�Bdc�i�� ��X�{�-/.alGL � short

GRB, long GRB, X-ray rich GRB, X-ray flash { @�B�0�L|I 4–5 1j{�2�3�4GV%�1R�V�¦�c�l
Q§��gSlAI��]�1&Pb��d� eV¿�b]D � L2��5/6�CTD�?�O short GRB ?#���iH�}�l��S{87hFTZ�&fO
long GRB/X-ray rich GRB/X-ray flash ?�m�����{�«KI�Z�&!¿�b9��b�Q
RKcSl�Bsc�:SIC��;SC
V�¦�chgTlD�?���<MLA��± N�e

GRB ? �K� ©TC (Γ ∼ 100) �K !� w Z5&�Q RA��Q|c�{�V�O�¿�{�,�-�=?>d�A@Wc��V�? ��� ©
C �!�'	®����.� lk�{º��� �A���*�.�TI	m�nSD�U�c ( � 2

� �ef�g ) e�¦hce��X�{��� ��jw�D
B
��L��d� eO�� ��wDC�E�F�V X ��I�,�- `�bsc|l�b�O�¿�bj�®"�$�Z�&��]c|lfOCkT{ �����A���
���SV*k�l�m�n�y4o���I Γ ∼ 100 1WD�U�k�� γ �|I"@�Ba`�bscAeV�C2i�� ��w �e/10�Z�& �]c
lfO�k�{º��� �A�®������I�¦�{�� �TZ�² X �SI�@�B�` bjc2e ��� ©�C �!�'	�������si2m�n�V�O
�K !� w-{#µ/G�2O3�Z�& Γ−1

∼ 0.01 rad �h��HGb�����L|Z5&��]cSl @�Ba`�bdc�9K�V�Kv�t�?�IJ D�� `hN�U�cAe
g�{Sg�l"�AK�Q�� ;%= ? GRB {8L���D�E�yj��?%@�LA��eOHM��NhF�Z5& QWN�XsiK{ sub-jet I

,j¡j`�bS�GQ�c|l�SAU�B c ( � 2
: ��fVg ) e��hXK�GXS{ sub-jet IGqhr��/���O�sDp±iw�c#�GX

{�¾�ySt��OPx��OC¿h{o�pTq�r�? 1 ��JKLTV�¦�c2e sub-jet {8�.LG^��]?p��Q|V�?GU]NYO%H����
2O3GDSRdD�OST�U/VS?OW]D�U�cG�j��D�^��§Lf��Q|cTlyS�UCBdc ( � 3

�
) e�g�g"V�? sub-jet {p�

�WD�XhQ���?p�j��U�QhI�OA�� ��w IC����XibAX w�c�r�D#��g�c
Y�F�Z%¨�C�[�\VU�I.¿�{pz/]
l�L2���]�4&PbscAe
“A”

^�^`_�acbed`fhg�ikj
long GRB

�� !��w � d "�$�Z'& ��� l�b (ϑobs = 0) ���d�hc�e�����243ml®|9n�Ij{ sub-jet o#I�-qp��r cAe�g	{8s/7�t8umv�wyx{zM|�}�~?��t8���O��� ( � 3 � A �O�m� ) � long GRB �/p����9��������
“C” ���`����� d9f�g�ikj short GRB�/���¡ �¢

sub-jet o9£�¤�¥8¦¨§/©�ª?«¬pS� r � �����®�z sub-jet ¯±°�z�²�«�z�³�´�µ�¶¸·¹�
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short GRB ��·������ � �±� ( � 3 � C �M�m� )
������� x	��
� ¢���������� � sub-jet ¯�°

z����9t���� ��!#"Sv%$�&')(�* z�+�, -��/. ¦10 �32  � ��°�4�5������ ���
“B” ���`���c�1687:9;=< X-ray rich GRB/X-ray flash�?�m�  �¢

sub-jet ´�§�©?>Sª�«¸� � ��4 ��4 ����A@`vCB � ²?«¡tM�3��� ��D � X-ray rich

GRB/X-ray flash �?·S������� � � ( � 3 EF� B1, B2 ����� )
�

4
G HJI

KML �NO&QP � u?v�w x (GRB) tQ�����O! � �1� x ¯ °SRUT¹�4 � ��4¬¥ ����!=VXW �8!ZY[ ´�\¸° � � 4 �
� ®q¥ � � ������� �O!m�:"
vU$�& 'Q(�* �FB �^]O_ v(�*�´ GRB z�²/«`�a �cb�d ��e 2�f�g�h ¢ � ����i3j f �M�8�8! ¢ fZ�k�2�k j ��l m ¢�n�o � �±� GRB �p §�! ¢Qq�r�� �)s t�u �)v�wc·/+ ��x k�y�z � fc{�|Oy �c
 ¢�} �^~�� {�|���y p § s tu� ¢ >)� ° ��� > y 28} �S�
©���� � � d9� y GRB

f x § �Z� 28} � ��4 ¥^�m� ¢ � ���A� ¢^���3y X-ray rich GRB ¯
°��������ª y���� �/Y � ���A�*9´c��c� � �A4 � ´�� i�j y sAtAu ´���·�4¡� � � �¨� short

GRB, long GRB, X-ray rich GRB, X-ray flash
� dm��´�� ������ª �^�Q� ·¨�4 � �?� ¢ � �¹�� 4��� y ��� 2 short GRB

¢ >���������ª y��A� ´�� �¡� �9�M�)��� ·�+�4 �
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