
k 52 � k 4 t R n + � Vol.52 No.4
2011 f 7 X ACTA ASTRONOMICA SINICA Jul., 2011

1sXR�_WtYE�Uap% X ap|IA&℄p∗��� 1,2†

(1 \�U,Tow \� 210093)
(2 �5�,T���ToJ \� 210008)}w Y�"C��� (r9"C�) e��{MSQ�_17��GyJ5e:RF���IX8Jh^���{"C�`[&��_1�O�^{_sLQ1���e�o��e$�O Swift m�-1`eT1"C� X ��LQ��}�D~ X ��LQ1���\�H 102

∼104 s sne�Q\T{e�o}
�*D�sf:R1
eJ�_1��V�{ 11 �"C�e X ��LQ1���� 4bA�{.�V�\�3LQ�o}
�eG
">4�"�X8{LQ1���ebA�Z%5�D4�+��J�eJ5yt>)��s��M2 �T`o$	[g�Gr	0r�>`J�	;^�98	d~�i<PC	 P172; ln'
V	 A

1 yv �N 2004d��8#� Swift l��b3S0!B�KP,0;Æ�N!0[ X ��%x�,0 SC} X ��KPd0�~�[ 102∼104 s rmFSzd�n|	�u$m=sv;Ue 0.5. CG[ 103∼104 s G�!)j�)jsGdKP=s=KP��U�P.�6z�$m=sv;Ue 1.2, )jwGHFq/K [1−2].zJ0�~��n|	d�2Zw�3F8yd�U�� (1) ^0��U���Æ^0#Sd*YI��e/%�6%�e��^S[�G
*y2
^0�h��!B�_Z%t6�08 Dai g [3] = Zhang g [4] OCdE?�^0��U�eX �76%�e��^S?$2
�-^0�Z!B�_8FSzAs�+�AsVh�~0VS�G�Wd^04V}�\As!d-�OM��~� C�sA�AsGd-�
S���)>^0�l6U��^E Rees g [5] OC� (2) ^0��=�d/K�l%U��e�_Z%q-+
���U�GP9�ZZ%
,s(P[/K��3 |e^0��=�C$md/K�8L#'|KP0�~�d�n [6−7]. (3) ,0����3Fl��~%Ki88`wi��� Eichler g [8] OC��6!B�_808i8�,i
2011-01-27 7aR�� 2011-02-18 7a$��

∗ 5j�	�,W��[ (10873009) �

† fhhu@pmo.ac.cn



4 t J	<
K�`2
�W�
B#D��� X ��MR2��� 289C#{l',0k4��a=e_:����*d$F,0kvr��_���sG�=ei8sA�_:���������,0kd4�s℄��L�8℄z0�~��n�VJl�,0U��Granotg [9] = Jin g [10] �!�6,OC>:�di8�u�
:�d�<�=�C��3!!B�d?$����":�d�<�=��z{hZ^0{���33!KP���"
:�$�ZHF�o-��4���[
:�dfy�d℄�G8zJ":�#w4�0l�d��Æl�,0���b_�nd0�~��L_� Yamazaki[11] OC X ��KP��'g��^0E�w�Cd_8G`:��!B��?$����#�J{Gd_8�=L� X ����d$m6l'g�^J!B�dF�$m�N�℄z3^r X ��0�~�d�n�a�n|	��0$m6l�|d~6�L_�[KP��U�s_�4F�OC�nd X ��KP�^#�J?$��d8���Ut|#�J��^S� d�� [12−13].[8�U�\��^0��U���e3�iM?=)C�+��VJ Dai g [3] OCdU� (a8xI4E?� e��^S�uIg℄��z!B�_Z%��^0��), Wang g [14] a�3 GRB 000301Cd0+KP#�230+KPP[/�)jd|	� Fan g [15] �23 GRB 051221Ad X ��KPOG=s|	�ELvCw� GRB

051221A ��^SY2�^06�xI4d9QE?���nW7a�S0d!B� X��KP0�~��6�Oz^0��U��� 3�dp1�76�O45\-hF*!B���E?�d }�u�
2 6Qu:/!B����:!A(ÆI�d^��^F}���I�
�tYLF [16]; >���#� [17]; tY℄z������:v<� [18−19]. I�d[!S�:6�A*T}�T}v�kA_℄v�z?!��3!!B��uG�I�vh'W7Ig℄��E#HdÆq^�u":e [20]:

L(t) =
2

3c2
(

2π

Pms
)4R6B2

s sin2 θ = 4 × 1047B2
⊥,14P

−4
0,msR

6
6(1 +

t

T
)−2 erg · s−1 , (1)u� B⊥,14 = Bs sin θ/1014 Gs, Bs 0I� OIg℄4xs� θ 0I4OI�(Æ�diy� Pms 0I�d�r�C$m�K� P0,ms 0I�A*d�r� R6 = R/106 cm 0I���� t 0�Svd$m� T 0I�A*�(sGd$��

T ≡
P

2Ṗ
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Fig. 1 Evolution of the Lorentz factor of the external shock. The solid and dashed lines are obtained with

and without energy injection, respectively. The model parameters are taken as n = 1 cm−3, γ0 = 300,

mej = E0/(γ0c2), I = 1045 g·cm2, E0 = 1051 erg, P0 = 1 ms, R = 106 cm and B⊥ = 4 × 1014 Gs
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Fig. 2 Fitting the X-ray (0.3∼10 kev) afterglow lightcurves of 11 GRBs. The observational data are taken
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Table 1 The parameters used in the numerical calculations. It is assumed that

z=1.0 for the GRBs with undetermined redshifts

Burst name z DL(1028 cm) P0(ms) B⊥,14(Gs) p n(cm−3)

GRB 080430 0.767 1.472 1.0 2.2 2.4 0.1

GRB 060814 0.84 1.620 0.7 2.5 2.7 0.2

GRB 060714 2.711 6.844 0.5 4.5 2.6 0.2

GRB 060502a 1.51 3.345 0.7 3.5 2.3 0.5

GRB 081007 1.0 2.049 1.0 4.0 2.5 0.2

GRB 080320 1.0 2.049 0.95 3.0 2.4 0.1

GRB 061004 1.0 2.049 0.9 3.0 3.1 0.1

GRB 060708 1.0 2.049 1.0 3.5 2.7 0.1

GRB 060306 1.0 2.049 1.0 5.0 2.6 0.1

GRB 060219 1.0 2.049 1.4 4.0 2.8 0.1

GRB 060204b 1.0 2.049 0.9 5.0 2.9 0.1
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Fig. 3 The fitted magnetic field strengths and initial spin periods of GRBs’ central magnetars�q ��V��z8dv℄O�xM?���NYh(/z?nd#��, O k m
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Fitting X-ray Afterglow Lightcurves of Gamma-ray
Bursts by Using the Magnetar Energy Injection Model

HU Fang-hao1,2

(1 Department of Astronomy, Nanjing University, Nanjing 210093)

(2 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008)

ABSTRACT The central compact object of some gamma-ray bursts (GRBs) may be a

strongly magnetized millisecond pulsar. In this model, there is an energy injection from the

pulsar to the external forward shock through the magnetic dipole radiation. The energy

injection would give rise to the shallow decay of the early afterglow. Recently, an interesting

feature is discovered from many X-ray afterglows observed by Swift/XRT (X-ray Telescope):

the shallow decay of some X-ray afterglows happens about 102 ∼ 104 s after the prompt

emission. We have fitted 11 X-ray afterglow lightcurves of GRBs by using the magnetar

energy injection model. The result shows the validity and universality of the magnetar en-

ergy injection model in explaining the post-shallow-decay phenomenon. Our fittings provide

some constraints on the magnetic strength and the rotation period of the central magnetar.

Key words gamma-ray bursts: general, stars: magnetars, radiation mechanisms: non-

thermal, methods: numerical


