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(  U�`���?O�  100875)fe� $=!qYyuH�Y[+2�mkB�W?m>?-}Y 0.7 µm≤ λ ≤5 µm Æ5�myukB=(�z9xNsF
U�� 5 µm≤ λ ≤8 µm Æ5�myukBoj&��eWY&}3$Æ5�kBf�j℄�gm+d�+dhF(1<7Yq. 0.7 µm≤ λ ≤8 µmÆ5�yukB7/W!�m�jf`)m�Y 8 µm≤ λ ≤30 µm Æ5�mkB�=G~�Y

9.7 µm R 18 µm WmKl�m�1x�� 9.7 µm WmKl�3�mkB�~ (`�=�B2�kB) Y��^�tmyUR0u�gI?�_+d�K.>?oj�!Y=w�%�$dUEm C-H �Q�kz3�mY 3.4 µm Wm��m�~�R 9.7 µm G~���mIzY��^�tmyUR0u�g?�_+d�Y λ ≥30 µm (ImO[+Æ5=C>?m[�9r�Q9H�[+�NMjF{�(kBg6!H��|1Rm[+�N}Tr6! �
λ ≥30 µm m[+>?��)$Æ5�kBm�3��< F 5���EM	�yukB�!q�yu���[+�G~�lW:I?�P129 �� \^0RK�A

1 �4���xt>z�PO�"WxN�WP 10% l�� (J����QK�) QG� (;�3T) ��NYx	QlvX�M#xtG�JkQDM�℄kxA�}}C�g)eBq�nulxtjA�vXDMLi+|Bq�;�3T�1DE�N℄_flvX1DMQJk'6SÆ�<BxtG�->Zq Åiq µm lN℄�8 [1] �	q�xAlJkQDM�1Dl*�>|Sq5 ��<~AQ�*1�ljA%Z*1�l��Z�h�xtZ�xtjA�1Dl�8�M�#I6�jA+\	i�jAb	��jAbl�'XV�y->��l*+� 1) ~>X�XjAb;�8r2qfJ��i[l���8if>AÆI� 2) �K�jAblLi�'�8ki><xtG�lN℄�8��J��qSÆ7owL [1−3] ��*Q<~A1�ljAb-���� (-6xtjAX<~A��*1�%�� S;QO�2006-05-23 � dCQO�2007-01-15DG_L�Hw�5;�k�zJ��d� (10603001)



� 3 � )��p�yu[+kB 227�Z*�X�) %"kiX^Wl�'� XÆI�
6%I� 1) jAl�}XN�*�1Dlgr (λ−1) {�qx�� 2) X1D6 2 175 ÅV>
^l)�� 3) Z<~A1�iN�*ljAe�e$l*�*l (~% 1(a)) �Gardelli o8 [4] X 1989�l�',|��*Q<~A1�ljA�e$l*<'8<W RV(RV ≡ AV/E(B − V )) lMrE,l� Aλ ,` V 1�ljA� E(λ1 − λ2) ,` (λ1 − λ2) lED�Z% 1(b) <'6QX�*Q<~A1��5 l RV z�5ljA+\Xg 2 -1��*.
^�v|5 li\�fH (�5�5 lxte$) ��*Q<~A1�ljAb>�|Sq5 [4−7] ��ÆIeP8 Fitzpatrick �r^l6_ [10] s��kil�zk�*le� RV *6 -<W{pZ�Z*iN�*lp-jA+\y_05�g��-.�*>ÆA�� HD210121�fHl(/8��T�*l>WÆIE RV=2.1 l�HjA+\>|SlA, [11] �

& 1 ��+R=�B2�kB,℄o�+d [6,9]

(a) 1WO�4mDe (RV=3.1)[9] � (b) UaZ7"n RV {�6n7"mD-^ [6]�hkxtjAl2�z%
��-6��=>Ll�,���8Q.K|>�2l>w�de>w Aλ �1D λ l* (�[jA) _���4?) q�<B	5"GB.Kl>W� �<'�K%��� (p� 2 -->_ A�{� -mijA�_ -p>mijAlYx���~%�) l��>w��lEDEki [8] �[t��jAbl{p<'8
E(λ− V )/E(B − V ) � Aλ/E(B − V ) � Aλ/AV � Aλ/E(J −K) � Aλ/AK � Aλ/AI  1D λl<N0Q (^ 3 f��8BZ*1�) ��DL�L[te �l���
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.$<x��%">X�<BxtjA�'l�ÆQ pi<� Spitzer [12] X 1978�l�Æ�%"N#q�LXxtG�QxtDLKLljUu\��<<S<X [6,9,13−16] �
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2 �\,lCd_��*Q<~A1����Z*1�ljAf5eX%T�IRAS (Infrared Astronomical

Satellite) 	Mx^ 20 ��O���Z*�>roQZ*>z�<l	_�Z*=>�[kiX{℄x� ISO(Z*>z�<
) �MSX
 Midcourse Space Experiment �:x� Spitzer>zZ*2N%Q AKARI(Astro-F Z*:x) oZ*>z:FluP[V�'nqy�Z*��� (� DENIS(Deep Near Infrared Survey) � 2MASS(Two Micron All Sky Survey) �|65_Z*jAbl�'�5X^W(�Wl=>r+�dZ*1�ljA%�*Q<~A1��Ck� (~% 1) ��!:xl=>�^�*ZXq-1�� ISO ��X1D6 7 µmQ 15 µm l 2 -1�*>A=>� MSX �~X B1(4.29 µm, 4.22∼4.36 µm) � B2(4.35 µm,

4.24∼4.45 µm) � A(8.28 µm, 6.8∼10.8 µm) � C(12.13 µm, 11.1∼13.2 µm) � D(14.65 µm,

13.5∼15.9 µm) � E(21.34 µm,18.2∼25.1 µm) 6 -1�H>=>�1D^B 30 µm lZ*=>\~X Spitzer >zZ*2N%H�^;5^℄�� IRAS X 60 µm Q 100 µm �>=>�����Z*jAb=4>X^lni�/
.plZ*jA+\�-Y��Z*QNZ*1�ljAbf��4�l����.e���?s4BqXNZ*1�=>l5#�_*�Z*jAe��i\�f (5 lxte$) �*lA��ezk��l�Z*1�ljA�CU��jAQ�l�jA��^�)d�% 2 �` [6] �$<�e
0.7 µm≤λ≤5 µm �5 µm≤λ≤8 µm �8 µm≤λ≤30 µm Q λ≥30 µm g 4-1��.�~�i�

& 2 �[+2�kB,℄ [6]

2.1 0.7 µm ≤ λ ≤5 µm 28V>l=>,|�X 0.7 µm≤λ≤5 µm l1���jA��LBU��jA�0!�ewb�l}_�1DQ��p
Aλ ∝ λ−β , 1.6 < β < 1.8.



� 3 � )��p�yu[+kB 229�XXD �Xz��8qkil�}r β X 1.6∼1.8xz�� β ≈ 1.61 [20] �β ≈ 1.70 [21] �
β = 1.85 [22] �β = 1.75 [13] �β ≈ 1.8 [23] �β ≈ 1.8 [24] �β ≈ 1.70 [25,26] �β = 1.65 [27] �-�8q;6X 0.7 µm≤ λ ≤5 µm 4�ljAbe�gl�5�xte$�%* [13,6,20,28] �d'�� Nishiyama o8 [29] 0�Y�QX�$��qlÆI<'XOq8�}r6 1.99±0.02lwbMrE	T�-Y��q;6g-1��ljA+\�e��e$�%*�
2.2 5 µm ≤ λ ≤8 µm 28�4 Nishiyama o8 [29] kilÆIÆ^�d-6^�r β z|%
��� 0.7 µm≤

λ ≤ 5µm ljAblni05����B 5 µm≤ λ ≤8 µm 4�ljAb�ni)7\k�� Draine [13] ;6jAXg:���1Dl℄x�e Aλ ∝ λ−1.75 lEb}n (yimF}ÆJk�l7bl 6 µm) �Lutz o8 (1996) [18] �P�HX ISOl SWS(Short Wavelength

Spectrometer) [30] A�#X/t!�l=>�P8 H J�l�T\�}%s�X/t Sgr

A∗ �fHljA��q	VX 3∼8 µm 1��ljA05e Draine[13] ~{�2l���1D℄x� Aλ ∝ λ−1.75 lEb}K��eSk
6�Æ (~% 2) �;�/K~{IsX
7 µm (�QVlmnz�0!Q/VNl�3 RV=3.1�b,ljA+\�5 ��0E
RV=5.5 �5ljA+\�T [1](~% 2) � Lutz [31] B 1999 �� 9s[X�qlÆI�EY5 �P8℄`+��T H2 ��lj��\Q H J�l�T�\�Bertoldi o8 [25]Q Rosenthal o8 [26] kilÆI0E Draine [13] kilLi%
�T� � Hennebelle o8 (2001) lÆI [32] �Q Draine lLi [13] %
 ��2005 ��GLIMPSE(Galactic Legacy

Infrared Mid-Plane Survey Extraordinaire)���P8 Spitzer Z*>z2N%�/jyl
2-�*�~X=>� Indebetouw o8 [27] �kil 3 µm≤ λ ≤ 8 µm ljAÆI0E Lutzo8kilÆI � (~% 3) �

& 3 �[+kB�J&�& [19]P8 ISOGAL
 ISO l -�t���/jy�l 200�-�*X 7 µmQ 15 µm �~Je=> [33] �Q�Z*�� 2MASS
X J � H � Ks 3 -1�l.�>A��=> [34] �l_<r+�Jiang o8 [19] kiX 129-/jy�*X 7 µm !�ljAÆI�	V A7µm/AKs



� 230 ���������=�	���`������� 25 /5eCr��eKVQ(w�8���zX 0.47 (��E Lutz o8kilÆI [18] %
�T
(~% 3) ��!� A7µm/AKs X5 �*�p5 li\�fKVQ*�*9�g-1�ljAbX><��i\�f�* [19,35] �gqÆI,|�B 5 µm≤ λ ≤ 8 µm 4�ljAbfp># l;\�SX�'��5 <�aElGA'*��<�*9�Z*jA+\�e$l5 �>*�Z��`2��Z*jAlxtG�l�8QJ�<�e53Wl�G�N℄�8l* w�iX*8� Draine [6] 	V�8 RV=5.5 lxtG�~{<'�h Lutz =>il 3∼ 8 µm 4�l�ÆjA+\ (~% 2) �Z*1�l1D%xtG�lu{N} (P6 0.1 µm) ^k���G�jA'>pl1DeEG�^n_fl1D λ ≈ 2πr (r 6'}G�9Tl�&) �-Y�v*G�G�N}ln�}℄^5g�Z*jABT|Sl7b� Jiang o8 [19] 0p>	V
A7µm/AKs X_��v�*�flN#�℄x��p>	V�/"if/8lN#�*�
2.3 8 µm ≤ λ ≤30 µm 28X 8∼30 µm l1���U�jA� 9}C����QEQn�de�l�jA0X����e�t1DX 9.7 µm Q 18 µm l 2 V�l�=>,|�XJl �Yxl*`D��> 9.7 µm Q 18 µm �l��XJl �Yxl*`D��0p>� �;6g 2 -��le<BF}ÆlJkZJl� �Yxl*`D�^:�e�vlF}ÆG��� �Yx�l O J�E C J�ÆT}J CO �5�}JF}Æ [6] � 9.7 µm �le< Si–O �lP�jy2�l� 18 µm �le< O–Si–O �l-+jy2�l� 9.7 µm VljA�lhD��p>!P�l�BTg�ljA�l,|xt>z�lF}Æ^�e'�Æ�F}Æl}_\Xl [6,37] �-6Æ�F}Æ->>�l�,Æ7�X 9∼40 µm 
�l4�>��yB!X^l�l\��X 10 µm !�lJk�^�yB���z1DP6 11.3 µm ���Æ�lF}ÆX 9.7 µm !�>���Aa	lJk�l�p>!P�l [42] � Li Q Draine [38] �SlG�~{,|Xxt>z�'�> 5% lF}Æe'��}_\Xl���l��e�Æ�lF}Æ� Demyk o8 [39] � 2 -JYxl�'�,|�'�> 2% lF}Æe'��}_\Xl� Kemper o8 [40] ;6xt>zlÆ�F}Æ'�6 0.4% [40] �d'��q	VÆI>A��V�Æ�F}Æl�W%HZ%6PnBoB 2% �4��>�'f;6Æ�F}Æl%R<'4��� Bowey Q Adamson [41] ;6xt�lF}Æ^:�e'Æ�}_\Xl� �Ev� 8∼30 µm 1��<BF}ÆlJk�BTlg 2 -jA��lX�}QhD
2 -�y|S`X��i\�fl*��B 9.7 µm lF}Æ�l>
�l=>�ÆI,|�X5 lxte$if5 li\�fH� 9.7 µm �lhDl FWHM(Full Width Half Maximum ���.�) >�5 � �Ev�slxt��*G�l 9.7 µm �l%�v��T*Gl�^ q���T�BTlF}ÆJk�l�<8
�l Trapezium �"Yx{hDE	T��XslxTi\�fH�\<8
^l µCep /�Yx{hD%
Oq	T [6,13,43] � Roche Q Aitken [44,45] ;6XslxT���5/ti\�fH�F}ÆlJkBTljAhDER0+ M {E,x µCepx
��G�BTl	MhDHy�� FWHM ≈ 2.4 µm [13,46] �_ �y��v��T�l 9.7 µm ��l_�4���hDE℄`+x(}��"Yx
4G�l	MhDX���



� 3 � )��p�yu[+kB 231�� FWHM ≈ 3.4 µm [13,47] �de��>R*l&A�� Rieke Q Lebofsky [20] 	V/t�fslxTl 9.7 µm ��ll FWHM ≈ 3.2 µm �% Roche Q Aitken [45] kil µCep {hD��k�� Pegourie Q Papoular [48] X�v��Ti\�fHkilF}Æ��lhDl FWHM ≈ 2.2 µm �% Roche Q Aitken [45] XslxT�fHkil µCep {hDf�^
(FWHM ≈ 2.4 µm) [13] �g,|F}ÆJk�llhD�e$l*Ebe52wl [13] �ShD'*� 9.7 µm �ll�}��i\�f�*�=>,|X/t!�Q��N!�slxT�fH�A�1�ljAE 9.7 µm VlA�℄}l%f (AV/τ9.7µm)_AX� 2 "
(~, 1) � AV/τ9.7µm l*,|5#�F}Æ ��2�<~AQZ*jAlG�J�*.5E� Roche Q Aitken [45] ;6g�Vie<B/t!� �x (BT�9T) 
K� �Yx (BTF}Æ) 
�2�l�de<v�$�#TD�l C–H �P�jy2�l 3.4 µmVl��l�>g�l=>Vi (~, 1) �-Y'/t�fH�x}KE�h AV/τ9.7µm l*l=tA*kzkG1X�5?J-eZo�g�l=>Vi*9�F}ÆG�9TXslxt���l�8<�e53Wl�1 1 � 9.7 µm � 3.4 µm 47MVi

AV/τ9.7µm AV/τ3.4µm =8?Y1v�h 8 ± 3 [53]

9 [45]

150 ± 20 [54]�"�nunzV 18.5 [44]

18.5 ± 2 [6]

250 ± 40 [54]

240 ± 40 [55]�' 18 µm �llhDQ�}��jB�/tljA=> [49] QG�lZ*	M=> [13] � Volk Q Kwok [50] 9s AGB Yx
4lG� A18µm �|/A9.7µm �| ≈ 0.5 ��B/t�f� McCarthy o8 [49] kilÆIe τ18µm/τ9.7µm ≥ 0.6 � Whittet[51] kilÆI6
τ18µm/τ9.7µm ≃ 0.4 � 18 µm V�ll2w_�%
B��-6X#hD4�jA
n�X�ZU�!#�$VQE [52] �
2.4 λ ≥ 30 µm 9ZX λ ≥ 30 µm 4���C<BjAz�n�C�y�>Wki�R��X/ti\�fH�<~A1�ljA AV P6 30 ∼ 35 mag � E(J −K) P6 5 mag ��X 30 µm VljA9s��P6 0.3 mag ��!xtG��RZ*�Ml�z�Xg-1���-Y�'�K=>E�'g:�ljAb��4^lJk�l��8#>WQE�deU�jAl2w0m6B����l�'j$HeP85 ;}lxtG�lZ*	ME9sxt��Xg-1��lA�℄}�'Y(�_5ljAb�dgA�(X�G�l;}� X�BJ'l��T�2w��Tl�v}�e�CB�l [13] �<Bg-1��ljAEG�~{v _<��VX�QlGT~{f5�# �-Y�B 30 µm yi 100 µm 4�ljAb=4f5|2�><xtG�9TXNZ*l	M
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��� Draine Q Lee lW� − F}Æ~{ [56] � Rowan–Robinson ~{ [57] �
Desert–BoulangerQ Puget ~{ [58] �Li Q Greenberg ~{ [3] �LiQ Draine ~{ [59−61] o�gq~{^�|7aW��F}ÆJ��'�l~{xAX:� PAHs(�e�a�) J���
Desert-Boulanger Q Puget ~{ [58] �F}Æ − W� −PAHs ~{ [1,60,61,64] ��� Spitzer >z2N%Q AKARI :xlH��	qX λ≥30 µm 4l=>�s4BqXNZ*r+l5#�Z�6xt��GT~{�54�l=>wL���[� λ≥30 µm4�Z*jAbl�'�
2.5 �AX`=k6PTUh

& 4 �kB,℄Y[+2�m��m [37]

xtZ*jA�SX> 9.7 µm Q
18 µmV 2-<BF}ÆJk2�l�CS�l��l*�f>��l��l (~% 4) �<v�$�#TD C–H �lP�jy2�l 3.4 µm �l [54,55] �<t/� O–H �lP�jy2�l 3.1 µm�l [37] o�t/� O–H �lP�jy2�l
3.1 µm �l �~X�v��T�fHQV [6,37] �Whittet o8 [21] 	VX�+�xT�f� 3.1 µm �llA�℄}^P6

∆τ3.1µm ≈

{

0

0.093(AV − 3.3)

AV ≤ 3.3 mag

AV > 3.3 mag
.�;6gv|X AV > 3.3 mag *G�lG�9T->;�/-��X AV ≤ 3.3 mag *G�lG�p>��! 3.1 µm V��l"C�> H2O 2�l q��
Cl�l (� 6 µmV) �0!<�g�> CO2 � NH3 � CO � CH4 � CH3OH o2�lJk�l [6,42] �<v�$�#TD C–H �lP�jy2�l 3.4 µm Vl�l �~XsDxt��*�QV�Qt/� O–H �lP�jy2�l 3.1 µm �l_� ( �~X�v��T�fHQV)[6] �_*� 3.4 µm Vl�lEF}Æ Si–O �lP�jy2�l 9.7 µm Vl�lHy�X5 li\�fH�>�5 l�}� AV/τ3.4µm X/t�fQ��N!�slxT�fl%z�_AX� 2 " (~, 1) � Sandford o8 [62] ;6 τ3.4µm X/t�fl℄�,|XF/t�f C l�}<�g℄x� AV/τ9.7µm *05 we/t!��x���xKlM:� 3.4 µm jA�lE 9.7 µm jA�l�i\�fHyl*Eb'n	qX/t�fHE<~A1�jA AV l5_<�v|���.7a_f :�2�<~A1�jAlJ� C–H Q Si–O J� [62] � AV/τ3.4µm Q AV/τ9.7µm Hyl*Eb�6�'f7a C–HQ Si–O l�8e�_<�0'Y62+E%�%>lxtG�~{�7a6F}ÆP +>l��-l9T~{ [3,63] ��I 9.7 µm l�l->Æj��\ 3.4 µm l�l�g>Æj��-YÆj=><'>pq|�F}ÆP + >l��-lGT~{ [65] �



� 3 � )��p�yu[+kB 233�><Z*jA��ll�'�^^℄xBq�Bxt��G�&JJ�lX��[�xt��9T~{l�SQ|��><xt��9T~{l p�<'<~<X [5,6,14,15,66,67]�
3 ����k ��p��48q��*�<~A1�lxtjA%>
6%Il;\�d�BZ*1�ljA�<B=>Z�f\X%
�lni�xtjAl�'%"�xt��l�'�5X^WwL�>PBxtG�~{*� 9l%���� Spitzer Z*>z2N%Q AKARI=>l��℄��ÆTqy%>l	��Z*��r+ (DENIS,2MASS) �Z*jA�ni
�lA��g��ki�0�

1) 4�l=>�>PB8qkiU�l�.plZ*jA+\� 5∼8 µm ljAb�� 92w� X�6�'xtZ*jAe��xte$l*�*�54��*l=>�[�
2)�'Z*jA�l��l�6xtG�l�'�54�lwL�AV/τ3.4µmQAV/τ9.7µmX5 i\�fH5 lJ-���� 9l�h�'4OqX�/VN�xtD�l�8�.FxtG�~{�
3) �'1D^B 30 µm 4�lxtjA��4�lZ*=>� X���4OlxtG�~{�~>r2;\xtG�Xg:�lZ*	M�;�ir%Tg:�1��lxtjA�jb �*f&rS*8�Ql�C�Pl�O�*~��'.&r	H:�sv:�8;tMsb	Q�(o�o3b�:t�:�j�	l���3H[℄�
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Interstellar Extinction in the Infrared

GAO Jian, JIANG Bi-wei

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

Abstract: Due to the strong radiation of terrestrial atmosphere, and being much weaker than

the ultraviolet and visual interstellar extinction, the infrared extinction is much more difficult to

measure and has raised less attention. However, with the development of infrared astronomy, the

infrared extinction is very important at recovering the intrinsic energy distribution of celestial

objects and inferring the characteristics of the interstellar dust. An overview of our current

understanding of the interstellar extinction at infrared wavelengths is presented. The interstellar

extinction in the 0.7 µm≤ λ ≤5 µm wavelength range can be well approximated by a power law

Aλ ∝ λ−β with 1.6 ≤ β ≤1.8, which is generally accepted to be universal, although the evidence

for its variation in different line-of-sights is found as well. In the 5–8 µm range the interstellar

extinction is controversial. The theoretical modelling and some observations imply a pronounced

minimum around 7 µm, while more observations by both the ISO and Spitzer infrared space

telescopes show that the interstellar extinction in this range has no significant difference with the

wavelength. In addition, it possibly varies from one line-of-sight to another, in contrast to our

previous understanding of a “universal” extinction law in the infrared(0.7 µm≤ λ ≤8 µm). In the

8–30 µm region the interstellar extinction is dominated by the smooth, featureless 9.7 µm and

18 µm amorphous silicate absorption bands; the 9.7 µm silicate extinction strength (relative to

optical extinction, AV /τ9.7µm) shows considerable variation from the local diffuse ISM to Galactic

center. The 9.7 µm silicate extinction profile also shows variations in different line-of-sights. The

3.4 µm C–H stretching feature of aliphatic hydrocarbon dust has a similar behavior as the 9.7 µm

silicate feature. In the λ ≥30 µm far-infrared region, the interstellar extinction is mainly inferred

from modelling the far-infrared emission of interstellar grains. However, considerable differences

exist among different grain models; future observations in the λ ≥30 µm region will be helpful to

constrain the extinction in this long wavelength range.
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