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r � c ? 4 
 0.3� 0.5 � J �  \ z

� � l  � m + % z K i \ E   �

m + % � R � 	 @ 	 L r � � m ' g

E ; ] � 8 3 �  \ � � 5 Z q J 8

� | & / ` • � � m � d S �  7 f

4 	 � ( m ^ 5 �  7 f 4 m 2 r #

5 { ) 	

_ 5 � � n ( h F < ^ / � 9 4 { ! ] � � < GRB � n ! 8

8 g � � �

[54]

� � � = ! # ( T � keV) ^ v � 2 � � = m # ( T  keV) ^ v �


 Q � � � p * j � % � = _ ( � ) � : � P = _ ( ~ ) A f T J � F 4

� a � ! # j ^ Z " � = m # � / \ * � � A / 4 A V � � m FWHM

� � � j ^ Z " / \ � m # W ) W F M F � � � ! # � p | x [ � , l

� f � 6 [ s K 9 V � c ! # j ^ Z " / \ � k A 0 b � � � p � h 7

� � �

GRB � � 7 � x 
 q � m U � � � � m ? c � c p T � a • = \ t G O # . W ; + k �

W q X P � = � � h W q X P � ; 	 Nakar # Piran [63]
; Z ( � Q • < � � Z ( 
 q � m �

g 5 � c � { ; ' ; D Q H � � + t a ( � � c ( � z \ r . � � #  � c ) . � � m � c p

� c T � { ; ' ; D Q H � x | @ 	 ` k GRB � � 3 V E Y � � ; � Q " , � m g 5 � c

# � m c p � � ; � ; o ( � ; � N B . � ; # ; o g 5 � c � w O B . � ; � 5 � � ; k
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GRB � A � L r a 
 O 	 d � � m � D � � 2 U � �  � 9 � c c p � � � m ' � p ~ • D

2 Q H � � m c p p ~ • G ' Q H 	 � � � ' � x L S � Z q • L ? q � p ) 8 � � m � x �

� 1 * ^ � h h 0 ` k � W q � m � @ ; � c p u Z � � m �  @ � � m ? c ~ ` k z = @ u

� � � m �• @ p � a ' � Q • � / + . 	 � E ` k � 7 T � � x � K C : G � f U � � �

k g L � % � ; Z � Z ` N D 	  � o # G O � ; � m � [ V Q • � W V N X X P � a � �

i @ z 6 P D &  � [ V J F � � u  � ' � � ' & 
 q � m � [ V A �

[64]
	

; GRB @ / � = � 7 T � � � W q U D � d � ` 5 q U D p N k � c F % � p ? q GRB

� � 7 T � � ^ �  � r h W q 2 $ \ � Q U D . H � I 4 � 5 / ` u @ A � � 7 T � � I

4 � o 	 Stern [65]
; | � + a A � �A D 	 ; � GRB @ F � 5 q 2 $ ' g ~ • W q h 
 �

� o � I / exp[� (t=t0)1=3] � t � � J U D p N � � c � t0 � W q � c X ' � ; G ( @ F

t0� 0:3 s � ; k ( t0� 1 s � 5 q � o / ` g 5 � U . 150 s � } 	 k ( U D . H � * j P 4 G

( � � � 5 T 4 � � ^ ; , Z � ` � � c . / � o � p �

[66;67]
	 p $ � z W q N ' � I 4 �

o � ; GRB \ t G O � W q G z W � 
 O 	 @ ; # GRB � 1 � B M R ! � T � = * j � o

_ 6 409 r GRB O 290 r C N S " R ? a V E y l 	 d A

& � 3 % + k w >

[65]

? U GRB � 4 & x ? • � Y s i � � � q � I / exp[� (t=t 0 )1=3 ] �

� I / exp[� (t=t0)1=2] � � � � � 50

s . � = � o G ' T z 7 k 1/3 � R

� � m ^ 6 	 5 � Z � � GRB # B M

R ! ? c � � � � G O p � X � �

R u 5 O W q h 
 � � o � I /

exp[� (t=t0)1=3] � / ` ; GRB � \ t

J . � + c O 	 GRB � � e � 7 /

` ( ` � W q � z w , � c X ' � h


 : G � d < 	 r @ � 7 4 	• 5 q

_ x r D � Stern # Svensson[68]
`

k � GRB G e � � 7 # W � X P �

[ V . P � /  � W q � f � % g 	

: G � m ? 3 � % � R X H o > M �

Q � GRB � + D � d S � � $ [ � P

� u # K C � / f � @ p C P �  \


 e b i S � { W �A W � { W � X

X p 5 q  \ � M r @ 	 L � � m �

' � � V " � q � K D # R X � d 	

4 � GRB � | t 9

c O U z r 7 (Power Density Spectrum, PDS) H t : q � 7 T � � . P � W � ; A � A

� � / ` ^ | ; GRB \ t � d � ` � 	 A � D 	 � � 
 � W , � � W � 2 $ ? . � GRB �

2 $ PDS •  1 � l 1 b � o 
) � r � S c � z J # � | � � Q GRB � z [ ; E k [ ;

#  

[52;69;70]
	 Beloborodov � _

[52]
D 	 Z ( 2 $ PDS � � o 7 G ' 
 � � � 5=3 (m ^ 7) � #



� 3 < 3 H � � � 
 u � ) � 	 8 R � 253�

� $ b i � P S 6 3 . } � , � n | [ 7

(Kolmogorov spectrum) � 7 G ' � � 	 5

� � � W H & � ; � � � m GRB �  \

� M # b i z � � � E a E M u 	 � l 1

7 
 2 Hz x PDS z W G ' � r � z : �

| z : � p N : ( � _ 3 � z � � � 
 )

7 4

[70]
	 5 W z : < � GRB Y s • 8

� ; � � 7 � Q � GRB � � 7 T � S �

z E ) s z � 7 � ; � � 0.5 s � z r �

x � 5 q � ; E : _ 3 7 4 � / � A ; �

� q GRB � F 2 � Y � � > ` � GRB �

h W q 
 O V n 	 i k � 7 � ; # ~ y o

i q B w � � � x | / ` � r � GRB �


 t � \ t y 9 � E Y ( ? c � ~ y o i

q � 
 n E  B � (� 
=
 � 2) 	

Beloborodov � _

[69]
	 O � GRB z

r 7 � 7 G ' � � q  \ � ( � _ 3 1 z

� � 	 ; � l  � � � 7 T � � = z r 7

_ 7 527 r ) � 3 % d P V { s 8

[69]

d d � z ] 1 c q c f 5=3
k s � 1 � 2 = � W 8 U T @ � w c

[ W G Z � � Y L � � � :w * � W F ` 6 � Y � � } u : � q :

H ) < � m � 5=3 � ` ~ [ � � = � � � } u � � �

P 4   � � 2 � _ ( � 4 � ( � 2 	 2 $ PDS 7 2 � / � � � c l 3 � � 7 B . ! ^ � 5

H t a GRB [ O 2 8 . W ; � d � � 7 J 8 � I 4 	 l  � z r 7 7 2 � /  � � c | � �

8 3 #  \ � � � z � 	 L � _ ( z r 7 4 � ( � 2 � E  u � c . / � o @ • � � i k � c

. / � o E @ i 7 z r 7 � � o G '

[69;70]
� > ` 6 3 u r h d � • � 	

� GRB � � ^ ; � % � � j _ x A 	 � � ; k _ � 
 # t � Y . \ t �A J > z ( �

+ D � d � � Y � �  _ ( � z u � � , Z � � ( � z u � � , Z 	 d E > $ � , Z � p � E

@ i 7 2 $ PDS � ' g 	 h W J � � x � � ^ ; , Z � p � � � ( � w l  \ � \ t @ , Z

� 	 O  9 � E 3 / � � q 	 O  9 � ( ; o � 2 8 � q  \ w l � i | � ( � PDS o h w

2 � � 
 [ N < ; � � H 	 d � GRB � � ; k _ � 
 � t � Y . \ t # \ t � d � Y � _ x

` U �  2 $ PDS : ( � _ 3 ! ^ @ 7 2 � R � E � , Z � ` � � 5 / � � � 	 � I 4 � L

s � ( 2 8 + D � d � � c J 8 p _ ( # � ( � E Y � 	 h W J � � d � * n GRB � - i �

o � = } �  \ � � ; k _ � 
 ( U D � E� 5� 1043 J) ` & � ) �

[71]
� � - i - t � p � �

� 	 O � �  i Q H � ) 8 � I j � T � � / � � � � ( J y 	 � � J A E � � =  i � � x

� - i - t � � ` � 	 x | � r � c z � - i - t u � � GRB � = � � ; � 7 o j s 	

Chang � _

[72;73]
V 7 a _ > , Z � S q GRB � 7 T � � z r 7 � D 	 = z r 7 T � :

m , Z ! ^ z 7 0 � R � � Q � o G ' 7 � � x | @ 	 � r a W q � � ( � z r 7 7 G ' � ,

Z � � � � � � v 
 L • � � R u 5 W • � / ` � V � � � z O � , Z � GRB � , Z D 	

GRB � 7 T � x W � � m | ` � � m � 8 3 Q H � ' g # c p � i 5 1 @ ; � 7 T � �

z r 7 U � p � � @ 5 � i 5 1 � \ t � d B w � � � i | 2 $ z r 7 ; \ t G O z @ o � 


O 	 Rees# Meszaros[74]
` k � K C U � � � D � � E w , � � ; z . � $ Y S 	 Panaitescu
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� _

[75]
` 5 V 	 % k F v ; GRB � � 7 T � � + a � $ � @ 	 D 	 GRB � z r 7 ; $ Y

� r t ' D �  \ � M N ' � � Q � j 	

5 � GRB " 9 � 
 e K 6

GRB  7 � � I 4

[76� 79]
	 W # / @ � d � � q  \ : � q i \ ! ^ � c o m z  \ c

e � \ t S � 5 � U � \ t � V q = 2 $  \ ! ^ � H ? � c o m U � \ t V q � 2 $  \ j

� 	 5 W J 8 ; A � \ t ' D L z % b 	

 7 q 3 / ` u l  � �   � � V ' ? 4 || q 3 4 (Hardness Ratio) < � 	 Norris

� _

[80]
D 	 � SMM (Solar Maximum Mission) q $ 	 O � � 10 q GRB S � G 
 q � m �

� x q � f � I 4 �A J = q 3 � U D \ E � G 3 � U D 	 Bhat � _

[81]
A � a BATSE F

O � � � z b i p � � < � * j J % � L Q GRB � D 	 ; � � L Q � ( @ / � = q 3 4 \ E

� V ' r � J b 	 r • q � f � Y 5 I 4 � V ' r U D � q 3 U D ? c � � c D j # V ' r

T � � p � � c B w � � 	

R u E Y  � V ' r � r � q 3 4 � � ; GRB \ t . P � W q � v � � $ � i k 5 V 4

D E � # \ t . P z � � @ J # F O ] B �  \ � o z � 	 k a w � Z " � $ GRB � \ t .

P � Ford � _

[77]
o g u Q � c 9  7 $ & � J � @ A � GRB �  7 I 4 �A o g u N \

�F � � U D p N @ < 8  7 � q 3 	 Band � _

[13]
D 	 / ` u W q h 
 � Q 9 � ' @ ) � "

� $ GRB � � q '  7 �

NE (E )
�

� r

keV � s � cm2

�
=

8
>>><

>>>:

A
�

E
100 keV

� �

exp� E=E 0 ; E � (� � � )E0 ;

A0

�
E

100 keV

� �

; E > (� � � )E0 :

(2)

A � Z 9 � o 7 � �  \ E0 g 	 x � w � � # � Q > �   # l  � o 7 G ' 	 x � � q  

7 � \ k k � q =keV � s� cm2
�  NE (E )E 2 / �F � 	 5 O � d � u p $ ' � �  7 ; GRB

� + $ & � � r � o � N ' � � � � W , V n � (� < 2) � N \ �F � � U D (Ep ) / ` < � k

Ep = (2 + � )E0 � d � Ep p � l  S �  GRB u q � H ? u f 	 x � Band 7 / ` ) � "

$ & GRB �  7 � J � � O � \ t � % � � E � � i @ R u Ep / ` � � GRB  7 q 3 I

4 � 4 u 2 	 � � $ 	

R u V 7 �F � U D  \ � J F � Ford � _

[77]
; BATSE/SD F O B ( 	 O  S 10 keV� 100

MeV, 256 q  � ) 	 O � � 37 q _ � Z ( � + a A � � D 	 �F � U D  \ : \ t G 3 � ! ^

@ ! ^ � A z r i \ E � \ t G 3 � R � 	 � z ? q � m � N < � � . � � � m # E � � � m

� 4 = q 3 7 f 	 d � � � q ' i \ ( � q =s� cm2) ; � c � + H Q �   � � W q  \ ||

w � q H Q G 3 (photon 
uence, � q /cm 2) � C 1 " � �  \ i \ (J =s� cm2) ; � c H Q �

 � � h W q  \ || w  \ H Q G 3 (energy 
uence, J/cm2) 	 5 Z q \ � GRB � I 4 S

~ • E Y � � o 	 h d � ; 26 q GRB � 41 q � m � A � < �

[82� 84]
� Ep : w � q H Q G

3 G ' * j � @ J T : w  \ H Q G 3 � . * j � � > A � � � m S | R � � � Y � 	 5 ;
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 u � ) � 	 8 R � 255�

GRB � \ t L ~ a  � 
 O

[85� 87]
	

; � z ? q � m ` N � m N X a � � GRB � x � � m ? c � X & N X @ X � i @ R u 


q � m @ A � GRB � c I 4 J 8 4 u = � 	 h W J � � d � GRB � � • q � f � I 4 � x

� � E Y  9 � � 7 T � p = 7 4 � ; � E Y � � 5 q I 4 @ H o � E Y  9 � s S � � �

' T � p � 5 � = � � � ' � } � % � E H # . H � 7 4 R � @ z > E Y � v � 5 � J 8 /

` , : r GRB � I 4 R � 	 Band [78]
R u t � � # s S � � J F ; GRB � I 4 � + a A

� � D 	 ; � � L Q � ( @ q � =  7 I 4 1 � • q � f � � z E � 10% � O 2 � � a • f

� q � I 4 	

; � � L Q GRB @ F � = � L Q �  \ M S � 30 keV � S MeV  S � f X t � � �

; # t ( � > � \ t J * w  \ � ) � W L Q � 5 � J 8 4 u ` & � ; z K C � %

[21]
	 �

GRB 941017 l  ` Q � * j N X � � A J = \ t / ` D z � 200 MeV � 5 ; Y K \ t K C

� % � • � L r a  � U +

[88]
	

6 � GRB � 
 5

GRB � � N ' � d w  \ E � 3 � � 	 O N ' � � � � � A � N X X P 	 � | A � S � �

7 Q • � W q N X z � � a � 	 A � < � � ` GRB � 7 T � � U D p N k � c F % � p ? q

GRB � � 7 T � � ^ � U D E � . H � I 4 � o � # } � U D V ' � � �

[89]
	 A J � � z a

� | � � GRB � = U D V ' � [ " � � � 7 T � h 
 � GRB 	 Fenimore # Ramirez-Ruiz [90]

N Reichart � _

[91]
� A � D 	 � GRB � � 7 # = # ; � 3 � � � � 7 T � � 2 � GRB �

= � 3 u � 	 @ 	 , e a W q < 8 GRB � 7 � e d 3 � \ Vf �

Vf =

R1
�1 [L (t) � (L � Sf )( t)]2dt

R1
�1 [L (t)]2dt

; (3)

� S L(t) � ( � � 7 T � � Sf � W 2 2 z � ' � = � c 8 3 k fT � T k ( � g 5 � c � �

' f � 0 � 1 ? c 9 V �  H L � Sf < � 
 � 2 2 . � � 7 T � 	 i | \ Vf / ` < � > z

� ; � � fT � � 7 � � e d 3 	 � ; 20 q z , Z � GRB � 7 T � � + Q • . D 	 �N '

V � GRB � } � � 3 z W q u � � � � � � � L / V 3:3
� Q � 7 T � 4 u � 2 � GRB �

= # ; � 3 u � 	 d � 5 q � � 6 : ` U � � � / ` C 1 � e 7 $ � O � B w W � ; GRB �

7 T � � A � @ � O A � } � � 3 � Q / ` � � GRB � � J E , Z 	 5 � W n N X z c e �

y � � ` E 1 P 0 GRB � � ; ; o O @ � � 7 O \ M  � � , Z � # � � @ 5 O � GRB •

N X s 	 z a � 3 # , Z � � � � BATSE 	 O � � GRB p / ` u @ � + � ^ ; � A � 	

Norris � _

[38]
A � a 8 q _ > , Z � GRB � D 	 E Y  � � � m | � ? c � � c D j

� } � � 3 ? c T z W q ) � � � � � � � L / (�=0:01 s)� 1:15
� 5 O � k BATSE # W  �

(  S 25� 50 keV) � ; # l  � (  S 100� 300 keV) � 7 T � � � c D j 	 � Norris � _ �

A � S � t a , Z � U D V ' i \ � 	 O \ d � ; w N � � q � 2 $  \ 	 Salmonson[92]
L

r x � � q ' # , Z z � � * n � c D j � U D � q ' � 3 ( X k Nph � � q /s) � � � o w

& L W � 	 @ D 	 � u U D � q ' � 3 . � � c D j { U D � q ' � 3 � [ V � � z ) � �
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i o � = $ & � � k Nph / (�=0:1 s)� 0:98
� q � s � 1

	 � � y 	 • z a W q A � GRB � 7

T � Q / D � , Z # � � J F 	

j 	 O 3 � p N E � H m GRB - i � S ! \ � � � 5 q 0 J @ i 7 GRB � 	 O . P 	

Schaefer[93]
G r � � V 7 � 3 { � c D j � � 3 { � 7 (Variability) � � � 6 3 * n 5 q 0

J ; � c D j � � 7 � � p � 	 F � 5 W * n � Schaefer[93]
Q • a BATSE 	 O � � A z ,

Z D � 9 q GRB � . P � � r ` � � � �

L / f � lag [Epeak (1 + z)=400]0:6g� 1:27; L / f V [Epeak (1 + z)=400]0:85g1:57 ; (4)

� S L � � 3 � � lag � 1 � 3  � � � c D j � V k � 7 � e d 3 � Epeak k  7 �F � � U

D  \ 	

(4) � � Z q N X X P � � � � � � Z ` = z � . Y O � N X X P � 	 V H t � � � 7 T

� � 7 4 . P � � c D j � E Y  � c \ t � . P � • [ V ; p q � 5 Z q . P A � z X � 	

d � � 7 { � 3 � � � � c D j { � 3 � � � 7 
 � � � � � � 7 { � c D j c T o h � �

� � � = � 8 / � d � � z � � � � � A 	 # � 3 � � � � D � 9 ^ 	 Schaefer� _

[94]
Q •

a BATSE ' � 5 O 122 q u _ � GRB � � 7 T � � � r = � 7 # � c D j ? c Z 
 � � �

� � d ^ 8 > � 	 ^ S 
 � � B w x } � � 3 { � 7 # } � � 3 { � c D j � � � � � � �

V = 0 :0021� � 0:46
� % � B � v & � 4 u � � / � � 7 { � 3 � � � � c D j { � 3 � � � z

u l � N # 3 	

_ 8 122 r GRB � � 8 � 	 d E k @ d � � � � �

[94]
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 u � ) � 	 8 R � 257�

_ > GRB } � � 3 � R u 	 O � � U D i \ � / ` V 7 GRB , Z 	 Schaefer� _

[94]
� |
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On the Temporal Analysis of the Gamma-Ray Bursts

SONG Li-ming, SHEN Rong-feng, LEI Ya-juan

(Institute of High Energy Physics, Chinese Academy of Scienc es, Beijing 100039, China )

Abstract: The gamma-ray bursts (GRB) are the sudden 
ashes of the hard X / 
 -rays in the sky with

very complicated light curves. The temporal behavior of the bursts is directly related to their emission

processes, therefore it is highly worth while to analyse the laws of the GRBs' temporal behavior. The

morphology of GRBs' temporal behavior, and some work derive d from the temporal analysis of GRBs,

e.g. the classi�cations, pulse shapes, power spectra, spectral evolution and luminosities of the GRBs, are

reviewed and some results are discussed.
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