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Fig.1 Complex refractive indices m of spherical silicate and graphite as a function of the energy of an
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Fig.2 Variations of absorption and scattering cross sections of spherical silicate and graphite
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Fig.3 Extinction of GRB afterglow by circum-stellar dust grains with different column density of

hydrogen nuclei Ny. Gray straight line represents the intrinsic spectrum of the afterglow
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Fig.4 Extinction of GRB afterglow by circum-stellar dust grains with different relative abundance
between silicate and graphite Aq/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
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Fig.5 Extinction of GRB afterglow by circum-stellar dust grains with different metallicity fgq. 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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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

4 ik

AL EBHFALRIEIER GRB RIERE, @ X ERY BRI ER T, BFRAR
BRRSBPOHHICM RN, BATAIR, SR B/ EBH RS S
JREBE, T Y E H G Hh 25 I B M B S R E B AR RBUR R RUE M AT S EL B A amax- 24
B IR amax WHEKEF, BIRRERBRLRZ B, HGHZORE T, Se et
B WKz, 4B UM amax HEUNE, BUNUEBRLRZ BT, HIGHZHAEBE, [F]
BEEHIOR ARG ™ 8, B AT AEE A T AL, X W RERRRE N T A 2 R B TH
HHZRAT LA BTLA,  GRB R f fe A I LA B SRR i B 3R E,  A RE R Al
G R R LB R A E R R AR T, AT REXHF5T GRB
BT B B S g R ML A R B

Bt WAFSE{#E A T Princeton K% B. T. Draine 3. EBr AR EIE. Bt San Francisco
MK S. Aragon J&T MieSolid 2 FHIITE M Notre Dame K% M. A. Caprio
i LevelScheme ¥R {443 5887 SO B AR SRR

2 £ XM

[1]  Gehrels N, Chincarini G, Giommi P, et al. ApJ, 2004, 611: 1005

[2] van der Horst A J, Kouveliotou C, Gehrels N, et al. ApJ, 2009, 699: 1087
[3] Stratta G, Fiore F, Antonelli L A, et al. ApJ, 2004, 608: 846

[4] Schady P, Mason K O, Page M J, et al. MNRAS, 2007, 377: 273

[5] Stratta G, Perna R, Lazzati D, et al. A&A, 2005, 441: 83



198 x X % # 52 %

[6] Chen SL,Li A, Wei D M. ApJ, 2006, 647: L13

[7] van de Hulst H C. Light Scattering by Small Particles. New York: John Wiley & Sons, Inc., 1957:
114-130

[8] Wiscombe W J. ApOpt, 1980, 19: 1505

[9] Bohren C F, Huffman D R. Absorption and Scattering of Light by Small Particles. New York: John
Wiley & Sons, Inc., 1983: 475-482

[10] Draine B T. ARA&A, 2003, 41: 241

[11] Draine B T, Lee H M. ApJ, 1984, 285: 89

[12] Laor A, Draine B T. ApJ, 1993, 402: 441

[13] Li A, Draine B T. ApJ, 2001, 554: 778

[14] Draine B T. ApJ, 2003, 598: 1026

[15] Draine B T, Malhotra S. ApJ, 1993, 414: 632

[16] Shao L, Dai Z G. ApJ, 2007, 660: 1319

[17] Shao L, Dai Z G, Mirabal N. ApJ, 2008, 675: 507
(18] Mathis J S, Rumpl W, Nordsieck K H. ApJ, 1977, 217: 425
[19] Shao L, Fan Y Z, Wei D M. ApJ, 2010, 719: L172
[20] LiY,Li A, Wei D M. ApJ, 2008, 678: 1136

Effect of Dust Extinction on the Gamma-ray Burst
Afterglows

LV Gu-jing? SHAO Lang!? JIN Zhi-ping* WEI Da-ming?!
(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008)
(2 Department of Physics, Hebei Normal University, Shijiazhuang 050016)

ABsTrRACT 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



