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1 �S��
S%
1� (R:S%�) r�:�N4S%
1�E�kkN7K��rW-;�D�
8�� 0.1∼1 MeV )N��NkN 0.1∼1 000 s �S%�-;LÆ� 1967 ;u(!W Vela�Dr-�uz 1997 ;S%�|:Wr-�Y)8�AU℄3
S%�W0
�T��)W�;D&�KpU
S%�W�:PH��j;��Vnz Swift � Fermi Z
8�DW;��H�S%�WUoRV�,=Wg��l%Uo�Y)r-�S%�Wa�l[�&Æ (1) �h}kNXA τlag )NW�&�
(2) �h}�"�	h)NW�&�kNXArS%�-�8lW�ETN	3eIWkNN
��h}kNXA)NW�&r.
8�Ea�Æz\8�ETN�kNXA�=��h�
 [1] � L ∝ τ−1

lag �m!a�&WaÆ-
`t�Æ L ∝ dEpeak/dt, Epeak rS%�W~,8��\#�aÆS%�
�\�Æ8lW8�|(� Ehigh + Elow (!�Æ,}hj|zO7w) ��w dEpeak = Ehigh −Elow, dt ≈ τlag ��hw L ∝ τ−1
lag (5U�/ [2]) ��h}�"�	�� {fwu�2010-06-10 � �mwu�2010-08-17�
�s�"KFW|S=d (10778716); 973 H6 (2009CB824800) ��kjwPSF<|W=d�5\�>=�|W`"{?8Dd
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�!Æ�&}hs7�*2F`tÆS%�h3m"�h9�ty 3)�
8���
W8�A4�Yh θ ∝ Γ
−1 WO�7 (Γ �3m"�eW$!CoE) ��h�
� Γ ,_�O�op�
O��=��S%�W�"P1wZ�W`hkN+ZkW'C�NkN�oHD�"�	h_�O [3] �b�!�l[�&�S%�}hQ�s�.qI�E�D0
� Reichart ZY [8] s-�eI�3 18 ÆS%��r-� L ∝ V 3.3+1.1

−0.9 ��B���oWS%�0
�	3T�!Æ�&_oJ�&n [4−9] �S.woE)-a1�uzE��"�	hWxt-��VTW.woE+_>h_wO(�
2  $��jS%�xk�
�"P1W℄�Z�	�a�<-Do'C℄���"�	hr/u�"P1�	>hW 
��*.5)bb-wW
l+E�xt�
2.1 Reichart `v^tlyZktl
b�"�	h���n/&W
l� [8]

V Es
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∞
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)

(ts)
]2

dts
∫

∞

−∞

[LEs (ts)]
2
dts

, (1)D4� Es ���n/&W8�v�� ts ���n/&kN� LEs (ts) � ts k���n/&4W�EEw<Ew�� Sf �qGG(w (Boxcar Window Function) �D.?� 1 ��h��5k& Tf �Tf 'q�"P14�'W�EEw�HEw 100 f% WLkkN� f ��5oE�!�OR f = 0.45�(LEs ∗Sf) 'q LEs } Sf Wu?��n3`pr�EEw (�) h�5G(w�T8WLT�x��5k&�8�m�3W�5?qp�K��5xtL �Wpr�h�`�4B�� O� 1

2
Tf=0.45 W�h�R#Æ Tf 7�"�3,W�x,Q��`W�5,�V�p (1) 4W 
��7��3 &4W 
��!VT�8l E (E ��"P1��3 &4W8�v�) `��',~�gW�"�	h V E

f,P Æ
V E

f,P =

∫

∞
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CE (t0) −
(

CE ∗ Sf

)

(t0)
]2

dt0
∫

∞

−∞

[CE (t0) − BE (t0)]
2
dt0

. (2)�-1pHGlWM�*��)�*.W'u4 S`& E ��wW 
�x'q�8l E 4W,�D4� C(t0) ��3 & t0 k�W�EEw� B(t0) �3qW�m�EWEw�nJ�3VTW�EEw��_,��)�w?1℄kNN
 ∆t m�EEw)U�V)U2W�EEw C(t0) AO Ci, i = 1, 2, 3 , · · · , N �3q℄�p (2) 4W?|"�K i = 1T N WN+� C(t0), B(t0), (C ∗ Sf) (t0) _�ks�_, Ci, Bi + Si (Cj , Nf ) Q��D4
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Nf = [Tf/∆t] �!�x�*rR#���jC Nf r Tf 7�'W ∆t WÆw��F
x!��7R Nf �Fw�!k Si (Cj , Nf ) �Æ

Si (Cj , Nf ) =
1

Nf

j=i+
Nf−1

2
∑

j=i−
Nf−1

2

Cj . (3)L^>kWr�o�)U�;3Sk&� ∆t kW�"C%�oH ∆t WR,;r6�"�	hWE�℄#����uz�:�>���"P1Ww?1℄kNN
 (1℄k&9�T��& ∆t
′

= ∆t/(1 + z), z �0
) ;�B0
W�OpT=�DoE� (1 + z) �)L�"P1'C�h;�B8�W�Lp"��DoE�� (1 + z)−0.4[10] �G-{�!�Æo��0
m�"P1Wr6oE� (1 + z)1−0.4 = (1 + z)0.6 ���<E!�6o�Wr6�q�s�h� Nz = (1 + z)β, β = 0.6 WqGG(w��5�"P1 Ci �I�52W�EEw�
Si (Cj , Nz) �zrp (2) "�Æ

Vf,P =

∑N
i=1 [Si (Cj , Nz) − Si (Cj , Nf )]

2

∑N
i=1 [Si (Cj , Nz) − Bi]

2 . (4)�V Vf,P b�z z + β ��rE�}'!6b��&/^�Co z + β wZOW"7� Vf,PWE�℄#"7_/=��h�k&=z ∆t W�"�	h}4 -E���!z�E,~�g�}Vp (4) 	A;Æ
Vf,P =

∑N
i=1

(

∑N
j=1 aijCj

)2

∑N
i=1

(

∑N
j=1 bijCj − Bj

)2 , (5)&w aij + bij }+[Kp (3)�(4)4VT��7[��EWEw�K,~|.�oH ∑N
j=1 aijCj+ ∑N

j=1 bijCj − Bj W,~�#|(� √

∑N
j=1 a2

ijCj + √

∑N
j=1 b2

ijCj �s (
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j=1 aijCj

)2

−

∑N
j=1 a2

ijCj + (

∑N
j=1 bijCj − Bj

)2

−
∑N

j=1 b2
ijCj |(�Qp (5) 4W|E+|4�hSa,~�gWr6�zr�VTSE,~�g2W�"�	h Vf Æ

Vf =
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j=1 aijCj
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−
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j=1 a2
ij
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]

∑N
i=1

[

(

∑N
j=1 bijCj − Bj

)2

−
∑N

j=1 b2
ij

Cj

] . (6)p (6) E�Wr8l E W�"�	h�\#aÆ�w-�8lW�"P1�D�"�	hWE�℄#R�8lW�x,�
Reichart ZY [8] s BATSE � Konus � Ulysses eI	3TW 18 Æf'0
WS%��9-VT L ∝ V 3.3+1.1

−0.9 �
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2.2 LP06 
b

LP06 xt [7] �"�	hW
l}`a6xtWO(rÆ (1) 1s Savitzky-Golay xt�5�Cso7p�5�"P1� (2) R&&u��n/&	��3 &�
Savitzky-GolayW�5xtu 3 Æ2wU
Æo7pW\w m ��5`N `WÆw nL+�5`y `WÆw nR ��4O� 3 \o7p��5�"P1�C m = 3 ��5(wW�h�Æ nP = [Tf=0.5/∆t] �+J.a℄�!�x�*rR#����x!E��R nP �Fw�!k nP = nL + nR + 1 � nR = nL = (nP − 1) /2 ��5(w��5`WNym:�e Ci �)U2W^ i Æ�EEw� i = 1, 2, 3, · · · , N , Yi �s Savitzky-Golay xt�52W�EEw��5ON�S%��NkN T90 ���E,~�g2EwW�x?6�Æ

∆C2 = W

Nbin
∑

i=1

(Ci − Yi)
2 − NPoisson , (7)D4 W = nP/ (nP − m − 1) 'q�ET8�NPoisson �,~�g�u�5xt}'� nP Æwr`40w (nP − m − 1) Ær�Eg�W��"�	h
l�Æ

V =
∆C2

(Nbin − 1)C2
max

, (8)

Cmax ��52W�EEw��5ON7WLO,�>k�HF�"�	h��3 &W,�E�'1�V Savitzky-Golay%>8��5 Niter = [T90/Tf=0.5] J�VT�"�	h+�hW�&Le,� Li+ Paczynski [7] E�� 25 Æf'0
 GRB W�h+�"P1�	h�sL=q=t9-VT 1σ ONW�& lg L = (3.25 ± 0.26) lg V + (59.42 ± 0.53) �
2.3 Fenimore 
b

Fenimore ZY [11] �DW�"�	hE�xtrÆ
V = Y −0.24 1

N

N
∑

i=1

(Ci − 〈C〉0.3T90
)
2
− (Bi + Ci)

C2
max

, (9)D4� Y = (1 + z)/(1 + zb), zb = 2, Y −0.24 rm-�0
+-�8l��"P1'C�h-�WK$� Bi ��m�EEw� Ci ��E�m2W�EEw� < C>0.3T90
'qs�5k&

0.3 T90 WqGGm�"P1�52WEw� (Bi + Ci) �K,~|.�N+�9%�mEw
5 σ WkNl`gH�
2.4 Schaefer 
b

Schaefer [12,13] m Fenimore WxtO�a�K$Æ
V =

〈

(C − Csmooth)
2
− σ2

C

C2
smooth,max

〉

, (10)�℄℄�Csmooth 'q�"P1�52WEw�Csmooth,max 'q�52EwWLO,�σC �EwW-U
h�M�*'qm T90 kNlN�x�!�W V r�3 &W�"�	h���&W�"�	h}RR℄'q� (1 + z)V �9-℄#� L ∝ V 1.77 �
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3 �- jYG�S%�W8A�zX�NA�}u Band (w [14] /)℄9-Æ

N(E) =
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















A

(

E

100keV

)α

e−(2+α)E/EP , E ≤

(

α − β

2 + α

)

EP

A

(

E

100keV

)β[

(α − β)EP

(2 + α) 100keV

]α−β

e(β−α), E >

(

α − β

2 + α

)

EP

, (11)D4 α �\8�A.w� β �
8�A.w� A �9-2w� EP �AW~,8� [15] ����&4�S%�EW8��E1 = 100 keV+ E2 = 10 000 keV)N��3TWH���Æ
Pobs =

∫ E2/(1+z)

E1/(1+z)

N(E)EdE , (12)�9�I~,�h�Æ
L = 4πd2

L
Pobs , (13)

dL ��hs��R,b�z�:P2F+S%�W0
�'q�Æ
dL =

(1 + z) c

H0

∫ z

0

dz
′

√

ΩM(1 + z′)
3

+ ΩΛ

, (14)D4�H0 �&+7w��:P2F2w ΩM + ΩΛ |('qh�a,h�R�Wn ,h+Z?"�8,h��9�I�hW-U
h}hu*�y$xtE�VT��\��r8A
E W9-,+9-#6�29D 1 000 K α, β, EP + Pobs �E�VT 1 000 Æ�9�I�h,�R�)W�x,��9�I�h,�&A6�-U
h��E� BAT/Swift	3TWS%�k�~,�hWE�xt}Oa�R7�uz BAT/SwiftW8lZ���hfsRaW-�(wp}h/)℄9-8A�C N(E) = NE−α �Q℄3qWE��p�_}hVT�9�I�h L �E�'1�-�r Band (w9-<RaW-�(w9-�mL2WE�r6Z=�m BAT/Swift 	3TWS%��s-�(w9-�p℄W2wZa�}h�x!℄E��9�I�h�
4 mPYBkNXA'qS%�W
\8l�ENT	3IWkNN
�wOowM�*�
8�E+z\8�ETN� �RR�z�kNXA�
\8l�"P1~,kNWN
��"P1Z�	k�}sX43�(wU
8AXA�mz�aÆ�W�Æ8lW�"P1�eD�EEw	<Ew�
|(� xi + yi, i = 1, 2, 3, · · · , N �DX43�(w
l�Æ

CCF (k; x, y) =

∑N−k
i=1 (xi − x̄) (yi+k − ȳ)

√

∑

i (xi − x̄)
2
(yi+k − ȳ)

2
, (15)
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x̄, ȳ |(� xi + yi W�x,�e d = max

k
[CCF (k; x, y)] ��kNkX� τ = d × tb (tb ��"P1WkN|%) �wkuz�W�"℄�/�	�-iU
 CCF WLO,�L^�%O�a
WP19-2�TNLO,� Band [16] 1so7p9-� Chen ZY [17] �R
{L1IW(w�9-�}�9�I�hW-U
I�Ext	|�8AXAW#6_}u*�y$xtVD�

5 J_���Q[�"�	h+�h)NW�&�mzr�}sS%�Q�s�.qIz78^���5)
"��"�	h V W
l+E�xt�!�xtWO(�zÆ (1) �5k&+�5xt� (2) &A7%>� (3) kN>�WF
� (4) �"P1W~,�h�8�Z7� (5) ,~�gW�E���bb��"�	h+�9�I�h L )NWl[�&�hBS%��"�	h (V ) +kNXA (τlag) WE�xt��BS%�℄�w5W�o�!6l[�&WUo+ga/WU[8�gH4��\��3'10|S%�M�=�℄��l=��YK$2�7U�h L ≈ 1043 J/s �HkS%�r�8M� L− V �&�L^ga/WU[�!�^�(z1Wr��wl[�&W[&frm8� (T90 > 2s)gHW��o)arÆB�5W02�/6U
k� (T90 < 2s) W0
�qrE�k�WkNXAk�3m#6ZO (O0|k�kNXAWE�℄#� 0) ��B	3Tk�w�W�L�0|k�0
WU
hBk�8AXAE�xtW	g�!x.WUo<M;�}8�!mz�f℄℄Uok��rW 
>2OwVn�\o}�Æ
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The Correlation Between Variability and Luminosity for the Long

Gamma-Ray Bursts

LI Zhao-sheng, CHEN Li, WANG De-hua

(Department of Astronomy, Beijing Normal University, Beijing 100875, China)

Abstract: The variability of Gamma-ray Burst is a quantitative measure of whether its light

curve is spiky or smooth. From the detected spectroscopic redshift, peak fluxes, and high-

resolution light curves of long Gamma-ray Burst, it was found that the isotropic peak luminosity

positively correlate with the variability of light curves: the more variable bursts(with larger V )

tend to have higher intrinsic isotropic luminosities L. This correlation was originally found by

Reichart et al. using a sample of 18 Gamma-ray Bursts. In this paper, the definition and algo-

rithm of variability are detailedly investigated and analyzed. The V − L correlation and fitting

results are also listed. If L − V relation can be confirmed, it can be adopted as rough distance

indicators and redshift estimators of a Gamma-ray Burst from parameters measured merely at

gamma-ray prompt emission and it can be used to constrain cosmological parameters.

Key words: gamma-ray burst; prompt emission; variability


