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1 �� �g
�+� (Gamma-ray burst, GRB) Wj,�I=�O
pUmgBREt�Æ'8�~��mA Swift :��EPn�\�J9A�5b~ 3 -0�m{A�� BAT

(15 ∼ 150 keV), XRT (0.3 ∼ 10 keV) I UVOT (;TIX�)[1] . BAT l�_��2Uj
100- GRB,.�Q;�E XRT �J X�+9A.T)z��*��UVOT 5�� 60%m GRB =Æ';T�a�.�g9�j9Ajm;T�aXOf Da
^md7�$B;T 
7E6j~;T��m GRB #�N��� [2].��mHOl9W GRB [%V	mg-i����JX9u/��GRBE�K
m9;WDF��mJd�o [3−4], f��Da[%=Z�{t
��GRB�am9;"+ 
 ��~mQ'WBk<g!`E� (Small Magellanic Cloud, SMC) m9;}'�s9;"+ 
}�~m�Q'WrN# (Milky Way, MW) m9;}L�s~x&m 2 175 Å  ℄� [3], ~m�W'g|E#=G�mQ
m9;"+�s^9; [5−6]. 
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, (4)�=�O'T�oZ� x = ka = 2πa/λ, ψn(x) I ξn(x) � Riccati-Bessel Gg�&� Mie Damg0wp��'jOa�rVwplvem(mÆ��E'5~Jtwpl;��Jm��tg I�'�mJX PC lj!�6I.�g0��)x�

(1)∼(4) Sm��tg I5O�)j N = x + 4x1/3 + 2 5s9�*`6(m����= x �<u~jm�O'T�oZ [8]. ~�j~�ym FORTRAN g0p� [8−9], }uWwpm�Q( (�� x ≈ 103 me℄wp�� Intel 2.6 GHz PC l<5Ouw?), f|�����ZMy)��J
0�wp{�W x Q_M (� X-ray 0���
_mK
5J� x 9JE 105) g03�z�wpM�O3g�I��Swp
0�_T���mK
5Jm ℄I8�Æu�5��EN�k<m�k�����
� [8]. �S[%
_T�K
� X �+8�r ℄m}'��1f<y
Bm Mathematica (t�^RSp� MieSolid P'9y��mg0wp�"HSgzmwpm� (�� x ≈ 104 me℄wp�� Intel 2.6 GHz PC l<�O 1 h), f9kP'_��=g:�m\Zuwp�o_s~(�� 1 .Ey�;=m�;�BQ
�_9�K
�;maOI;TL;��.�^Pah9A=lj�Jd�EPag*�DazGI��9A 3 ".WMM�Az�~�j,?nWB (silicate) IK{B (graphite) �;WEy�;mN-Jda� [10]. Draine p-�xom;TL;�JS#�m[%�N��;
0� ��oZm
B�C�	 1[11−14].K{m;TL;(�.7nL� m̃ m%0hA����Hm{	��wpxmÆuM�G<y “1/3− 2/3” �k�s�zK{|N�.7�Lm�;fM�O��= 1/3ma�
1Zimmer C, Aragon S R. Mie Scattering and Absorption from Bubbles and Spheres. Mathematica

Journal, to be submitted.
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J (parallel) ���HmK{.k� 2/3 m�xF[. (perpendicular) ���HmK{.k [15]. 	 1 �C=�FS X �+ ℄0mv2 (� m̃ mP9 Im(m̃)), ?nWm ℄0 
�"��FSk (Mg) �� (Fe) �? (Si) Ib (O) m
t ℄0��K{5� 282 ∼ 310 eV �W'zm K t ℄0 [14].
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Fig. 1 Complex refractive indices m̃ of spherical silicate and graphite as a function of the energy of an

incident photon. The real part and imaginary part of the complex refractive indices are in black and gray

solid lines, respectively, and the value of |m̃ − 1| that is frequently used in literatures is in dotted line/*<f?nWIK{m;TL;��o9k�E�)m Mie Dawpljxom ℄I8�Æur5J_< aI4�;Z�O E m$Z�|	 29��egm MieSolid
fwp�C (Rigorous Mie)I-�m
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Fig. 2 Variations of absorption and scattering cross sections of spherical silicate and graphitewp�C)x (2	 2), gwGK
5J.� 
<mMS (a < 0.1µm),  ℄W9;mJdl9�_9���Q$�E�m,���8��.�	7�$fW-�1f=V\mg-���8�JhmMS�{�W� X �+8�=�Bdfym�u$W5JT� 
_m (a > 0.1µm) �9�K
��5JT��_�8�>u�x&�$9�� X�+8�� GRB �a=m[%1fb�Bdv2 [16−17].

3 GRB !�v�|�z GRB �EK
5Jm_<� (amin, amax) -�Ot[�5 [18], h`
dNi

da
(a) = Ai ×NHa

β (amin ≤ a ≤ amax) , (5)�=� dNi/da )Te��#�,�m?nW (i = 1) IK{ (i = 2) mMq�� A1 I
A2 �,W�ON"m0�Mq�m#g�NH ���ZmMq�� β ��O'mt[3
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Fig. 3 Extinction of GRB afterglow by circum-stellar dust grains with different column density of

hydrogen nuclei NH. Gray straight line represents the intrinsic spectrum of the afterglowXS��ZMq��9���;m9;"+ (�=0�9;^OI9;"+^>) DFv2mol℄~Q
�$GJd4Z�=�Jdfymu-�DO�?nWIK{m.�a� A1/A2, �b�� fd, K
5J_<�5=g β I amax. ?nWIK{m.�a� A1/A2 �9;"+mv22	 4 uT��=�P+�u+��P+IIP+�,
)
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A1/A2 = 0.6, 1.0, 1.6 I 2.0. �w=g1%wG0 fd = 0.01, NH = 1021.3 cm−2, β = −3.5,

amin = 0.005µm, amax = 0.25µm. ^	=9k3j�A1/A2 m$ZJd�'� 2 175 ÅZm ℄�(�mv2��j,$g ℄}'JdW|
<T�mK{5Js�m [15], o\ A1/A2 �_� ℄��r�g��j�K
�;ma��9;"+mv23WQ_�3W�O3� GRB �a=9Aj9;"+Cn�xmJd�o�
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Fig. 4 Extinction of GRB afterglow by circum-stellar dust grains with different relative abundance

between silicate and graphite A1/A2. Left panel is the extinction curve, and right panel is the attenuated

afterglow spectrum. Gray straight line in the right panel represents the intrinsic spectrum of the afterglow�b�� fd �9;"+mv2Q_�I��ZMq� NH fyBk�Jd.z9;^O�s�b���(�9;�,U�2	 5 uT�P+�u+��P+IIP+�,
) fd = 0.001, 0.004, 0.007 I 0.01. �w=g%wG0� A1/A2 = 1, NH = 1021.3 cm−2,
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Fig. 5 Extinction of GRB afterglow by circum-stellar dust grains with different metallicity fd. Left panel

is the extinction curve, and right panel is the attenuated afterglow spectrum. Gray straight line in the

right panel represents the intrinsic spectrum of the afterglow
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β = −3.5, amin = 0.005µm, amax = 0.25µm. GRB �E\" 
 ��2CW�_;O�CE
�
��Æ��b��9�e 
(�WK
HOmD1Fu�9�W�O,U9;r��DFmJd�o�g*�wp)x�.z9;"+^>~&LCnm�JdWK
5JT�m�53g β. Jd�oW|�3�T�mK
�3��[;Zm9;m4(3��$W|K
8��D.zm�`K
ma�v2
7�2	 6 uT�P+�u+��P+IIP+�,
) β = −3.5, −2.5, −1.5 I −0.5. �w=g1%wG0� fd = 0.01, A1/A2 = 1,

NH = 1021.3 cm−2, amin = 0.005µm, amax = 0.25µm. rVK
5JmT����_�<5JT�mK
.�$>� 2 175 ÅZm ℄�f$l���3x&�W�g-~&mÆ'W� β m$Z�;T0�m9; AV v2Q<�$fR9k�[�Oi�:9Ajm3� GRB 9;"+Cn
_�f AV ÆÆ` NH mv2
7 [4]. $Gwp)x�=mJd�o9�W|�K
T��5m3��
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Fig. 6 Extinction of GRB afterglow by circum-stellar dust grains with different indices of size distribution

β. Left panel is the extinction curve, and right panel is the attenuated afterglow spectrum. Gray straight

line in the right panel represents the intrinsic spectrum of the afterglowK
5JmT�<* amax fWv29;^Omg-Bd=g���u~jm��ZMq� NH I�b�� fd 3�mW� amax �_�9;^O���<�2	 7 uT�P+�u+��P+IIP+�,
) amax = 10−0.5, 1, 100.5 I 10µm. �w=g1%wG0� fd = 0.01, A1/A2 = 1, NH = 1021.3 cm−2, β = −3.5, amin = 0.005µm. �O$g'8m�oWwp=mt��z�sK
5Jm;O_R�_5JmK
JdW|<5JmK
.W #(p�O�rV_5JmK
���
�K
5Jmgq�\*e�r�wp)x�$ex&�>9;^O�frVK
T�m�}�9;"+fe$l���
��O^9; [3,20]. o\�� β I amax mMMfy%�seW'�K
T�	_m�<%�9; 
7.�9;"+ 

�sDF^9;�$f�[S�Oi_9�9Ajms;T 
Rm�aÆÆW'$�'8 [3]; �K
T�	<m�<%��9�DF�U9;�sDF����M9;"+x&	}�o\���mwp�C)x�K
5J
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Fig. 7 Extinction of GRB afterglow by circum-stellar dust grains with different parameters of size

distribution amax. Left panel is the extinction curve, and right panel is the attenuated afterglow spectrum.

Gray straight line in the right panel represents the intrinsic spectrum of the afterglow
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Effect of Dust Extinction on the Gamma-ray Burst
Afterglows

LV Gu-jing1 SHAO Lang1,2 JIN Zhi-ping1 WEI Da-ming1

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

(2 Department of Physics, Hebei Normal University, Shijiazhuang 050016)

ABSTRACT In order to study the effect of dust extinction on the afterglow of gamma-ray

bursts (GRBs), we carry out numerical calculations with high precision based on rigorous

Mie theory and latest optical properties of interstellar dust grains, and analyze the different

extinction curves produced by dust grains with different physical parameters. Our results

indicate that the absolute extinction quantity is substantially determined by the medium

density and metallicity, however, the shape of the extinction curve is mainly determined by

the size distribution of the dust grains. If the dust grains aggregate to form larger ones, they

will cause a flatter or grayer extinction curve with lower extinction quantity; on the contrary,

if the dust grains are disassociated to smaller ones due to some uncertain processes, they

will cause a steeper extinction curve with larger extinction quantity. These results might

provide an important insight into understanding the origin of the optically dark GRBs.

Key words gamma-ray burst: general, dust, extinction


