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1 ����qp 1987T����;"�(O*h�Y�Ye (
^�5E�k�on*) ��7/�/9Co�B��� Hubble 5�h|jHY6"3z�O*��(O*f�f&Y�Bb�5E�5� Sersic YsV;� I(R) = I(Re)e
−b[(R/Re)

1/n
−1] (kh Re ��(O*�E#\�%%k 1/2 �b��#\) �^5z|�%kT��}O#
rr (rr7}O��=��-
.���ss�. 107 K)[1] ���
rr:#��~_Y�yU-
� /.��Y��GFt.> 107 T [1,2] ��mi��(O*-��	*Y���p 1980 T���$0>7-����aN���Y�<#�>b
��aN��Y��b��:E�(O*sQk�6}e��O*Y�� 1989 T� Knapp �� [3] �� IRAS(Infra Red Astronomical Satellite) ���-[p 1 N%k 1 150 N:SO*�w.h7S 50% ��(O*hjN� 60 µm o 100 µm �<#����qjNQ��3b� Bregman �� [4] \e℄� 12% ��(O*f�L� 98%�aN��MGY����{UM� 20∼40 K �(D}O�b
o��<#>qy7-���� <%86�2007-06-25 � N+86� 2007-09-12
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<#�̂ |jN!D�ou156'�oL�K|x���-[ ISO(Infrared Space

Observatory)o Spitzer_��(O*�Y�A1�S$�N)�Temi�� [5] (1�(O*hk�259C�Y��e�� 104∼107M⊙ �M/ IRAS���HhL�S 1N�& [6] �Spitzer�aNHh:EMGY�tI5>7TNO*h=�5E��Y��k�!�(O*�b
b�	*E0�_� (�� 1 d<)[7] �!m|4��� SCUBA(Submillimetre Common-User

Bolometer Array) �jl?��aN:E!��(O*sQf�
U9C��� (C� 20 K)��Y� (. 107M⊙)[8] �7b
���7jBu1�-[ (Hubble Space Telescope) ��=h�E� (Mv < −21 mag) �e�(O*{a1eY�woY�Y�HY [9−11] �MGHY:1eO*hL!���=�R
 Kawata �� [12] ([Hh�$M�(O*hL�CY�rrYQZ(
��%C^�e
~_}OV^�

� 1 ��)P+���=$ [7]{�9� B A�d����98=� 70 µm �
160 µm d�

�(O*hY��n*�OIo�I�jK���T}O�O:`/hR,�Y�Vb��#!Cr / Y�O*�t>���OIn*GSPW([���Hh [13,14]:EOIn*C��K�aN��Y�k��"��-��b�!b
b��	*_� [7] ��#�(O*OIY��
rr!}OA���C|_ [15] �:E�(O*h�Y�o}O	*ZE6_�{ <|Y���In*�"|1B�^|"�(O*Ye�P|H�K��#ON��aNX��oL��;"�(O*Y��k�on*�|S)���7��S� Temi �� [7,16] ��
Spitzer �-[7-���aN��#��ZUi� Tsai o Mathews [13,14] d=Æ�Y�n*GSPW([�kHh:E�̂ !"�I5�(O*�Y��OIn*��K�O*h��IY�k�� X ���aN:E�(O*h�
rr��f�Cf>�k�o5E�"�|b
b���(O*�k X���b�s�6Q 2 N�& [17] �
rr�5E{�>�+ [18] �M>9�C|O*hY��
�U'�ztQ
�CQ�3z�[[���M�y�Y��OIn*-lK2B�.�|l�H��(O*Y��OIn*�Y��^5�}Oe�`/U'�Y��-
o<#�Y��e�[[�Y��
:#
��b�
rr�5E��#"Y�n*�|Gl0�

2 �[��`7#;"Y��
^otC��Kqy~pY�!O*<#T�6�����(O*��jNQ��3b�N���Y��� − S���b�4o��<#�9-N)��m}v"



� 2 j k b��)P+i�P++Z� 141���(O*Y���Kqy�*�"Æv*Y��Ln�"�Æv*Y��qy�Y�GS� 3 j�3H − gZk −PAHs GS�gZkn − ki��L�erOGSo$wY�GS [19] �C|GS�X|a�����Y��qy^5%k$�YgZkoIjV;�ie%e (%�i&S�qy^5�%e) �Y���bo<#YeC|�tY� (t� 0.025 µm) oCY��I5
^���GS�6"3zo"O*�bo<#�4�CmK��� Mathis�� [20] # Draineo Lee [21] =Æ>��(A�gZk − 3H −PAHs GS>Jv/C	�o��Ce�GS [22−26] �{>tI5�K7m^�(O*4Ln�GS [5−7,13,14,16,27−29] �.BM"��MNGS=Æ�Æv*Y�Y^otC5E�
2.1 ���!EW&�

(1) $�VgZk�7C|O*�O*Meh�� Si-O �'P�G;R,� 9.7 µm o
O-Si-O W�P�G;R,� 18 µm gZk(D4>g7aN��mQ [19] �aN��gZkbh7 10 µmDSwz%b�:EgZkqy>$�YHY�Kemper �� [30] [(HVgZk�e�!5/CXi 1.1% �|4n$�O*rrhll (t� 90%) �g&S	
4`:E$�VgZk>O*Y��ly
^I5�

(2) ie%e (carbonaceous) �%�i&S�qy^5�%e�ie%e�$j�brs�K�Æv*�b7 2 175 Åo 3.4 µm:1e�(DmQ�73H −gZk −PAHsGSh�t�ie%e�3H�HY�!C�ie%eq�:1�$-08z (PAH) �HY�ieY�>3℄�3Ho PAH �j�br�$�Vi� C60 �NK3� HAC(k{$�Vi) ���L�e�{sQ^�ieY��qy^5� Zubko �� [31] \e��h�$�Vi�x3H��K��IjgZk − ��L�eY^�B5Y�{|ws���"O*�b�4o��<#Cm�St���O*Y�h 10 µm �gZk(#4N�jN��Xf�!CY�h%}gZk�sQY [32,33] �O*hqy�!CY�Y^��ie%e�"�Æv*�#Oj�S�v�O* [34] �7Sh�����a1e 3.3, 6.2, 7.7, 8.6, 11.3 µm �(#4�Mw�mQ17|"�C|�$�08z5�GS (PAH) K��M|�5�|"k� 50∼1 000 Ni'��d�zC (C� 50 Å) �7}v�gZk − 3H −PAHs GSh� PAH -��>!CY�q��q7V;�7Æv*h� PAH {i^�-
 (5� 4 G) " 3∼60 µm �����<#R,qyW2�>7O*Y���<#hE
�. 20% �W2�Jv"��(O*�#;�$+��	T��b�4N)��mZEm^�(O*�Y�
^/Æv*S�|N��(O*hg7q7��
iCv}OOn%O� 10 µm gZk(#mQ [35] �:EgZk7�(O*h|w>Y��ly^5�"|1B��(O*h�Y�(#\M β !Æv*Y��ES [5,28] ��# Draine �� [25] 9�gZk − 3H −PAHs GS"� 3N�(O*�h-��bh���CmSt�0<e�(O*�Y�^5!Æv*>6R��
2.2 ��PLFX! PAH�(O*h|"zNaN� PAH�q7�M>��
rr�
��:#
�~_CY�N�q7�|�S�!��(O*-aN�f� PAH �(#mQ [16,36,37] � NGC 2974 � NGC

3962�IC 3370�NGC 4589�NGC 4696�NGC 4697�NGC 5044�MGO*�X|mQ>f�t���Y��:1�x�-��<#�
��"�KO*�j� lgL160µm ≥ 4.1×10−11J ·s−1 �
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H0 � 70 km·s−1 · Mpc−13[16] � Kaneda �� [37] \e�(O*h� PAH x�!�Y�k�q7U6_��(O*� PAH (#mQ$M:1em<�Ye��� 2 d<�W��(#4Sx�(#46"x� 11.3 µm/7.7 µm /kfO*yLeS 1 N�&�MjmQ�K�sQ�*� [36] �

(1) hY PAH 6"�� PAH �M�E�� PAH ���hI���<#T G0 �rr���� ne orr�� T ��:�^| G0/(ne ×
√

T ) �?-� PAH ~o:1�
���hY�u���C|��h� PAH(#4YeCU6|�khhY PAH� 11.3 µm/7.7 µm yx��� PAH �
(2) C PAH q��	*�C� PAH q�6"S��-b� (^LQh�p%|>�7��� (C� 10 µm) R,(#mQ�
Bregman�� [36] \e�(O*h� PAHsQ�*�O*>t~_�}OV^��PAH!�Y��6_Y{ < PAH !�(O*h$���Y�sQ�6|�n*��

� 2 ��)P+� PAH )$nR [37]

2.3 ���! J#�"�O*Y��tC5E�:i�T��*� Mathis �� [20] �f;(1�Æv*Y��d�5E�r�SR�\M5E�
n(a)da = Aa−q � q ≈ 3.5 (50 Å < a < 0.25 µm).

Draine o Anderson [38] \e�I�K5E�tY�7a|��.�<#C��K�aN��C� 60 µm <##��[yS$�CY��K�Æv* 3∼60 µm Sh��<#�"|1B��� Aλ = −2.5 lg
∣

∣

∣

Fλ,obs

Fλ

∣

∣

∣
� Fλ,obs � Fλ 5<"��Yio�Yi�b�#��������� (0.125 µm < λ < 3.5 µm) �Y��bmYs�O� 1 N3zLM�b*M Rv =

∣

∣

∣

Av

AB − Av

∣

∣

∣
:< [39] �.8 B o V 5<x: B ��o V ���"�Æv*MN[s��/C||�bhS}O�Yi�bo�Y�b�bh/C%�e�ktC� 2.1∼5.6 4



� 2 j k b��)P+i�P++Z� 143�	�aj[� 3.1 [40] �M��|MC|�$�Y�tC5EC|� Rv /t�>:EtY�6"S$�
Weingartner o Draine [22] oeZU�Y�tC5E�.�

1

nH

dnsil

da
=

Csil

a

(

a

at,sil

)asil

F (a; βt,sil,at) × G(a; at,sil, ac,sil);

1

nH

dncarb

da
= D(a) +

Ccarb

a

(

a

at,carb

)acarb

F (a; βt,carb,at) × G(a; at,carb, ac,carb).;h�.8 sil x:gZk� carb x:ieY�� nH <x:{'�M���"�ie�!CY����3\M5E< D(a) �>y"gZko3H��C|�s4\M asil � acarb �
G(a, at, ac) <���>>3z\M5E7t#\i�G ZU�a�.�� F (a; β, at) ���>oUI'�6"�a"O*�p�0�?�(O*�Y�5E�F:1�CY��	*����(O*hq7t��
rr�9��(O*h�Y�9IyU
��>yCY��
�486"�tY�S��paN�?��(O*h PAH �(#4�	* <|CY�q��	*�"|1B��(O*��bmYs��1E1+nP�Rv s�{iSo 1 N"℄��Bb�j35E�$Y�GSoaNHh"/���{iMj1+����(O*� Rv [� 2.1∼3.3 [41]�# 2.03∼3.46 [29] �!Æv*�#kfa"O*25ES (5� 3) �|Gf�f>Y�w�

� 3 �;TP+�A
"�w+�0D [29]65r6M�y;<UR,� Rλ �\5rvM�y;�x,�9{Bd



� 144 �������v���d�Q�B������� 26 h��(O*|>�f�SC� Rv [�%SC�Y��n$��(O*htI5�Y�7TNO*h>=�5E%3"h5E�Mj5E�9aN�� Rv [?t [41] ��mp�r��Q�(O*�Y��C�a"O*�
3 ��Q�g�b1W)�(O*hY��OIn*qy>�T}O�O:`/�"��(O*h�	e� K SOo M SO�7P�q_r	��9PeOW (AGB) 4�}Otr��rO>u	�x��O:�:q}O7 AGB OF��`/�. 0.3 M⊙ �e� [42] �O:7}OnÆV^On%O�|{Mw�On%O��.��|�b�4 (.C� 2 000 K) �Y��Vb3l:(,�^ht}O�r	�MI5On%Orr>V^WOxO1�-}O<#d���Yi[H��K���!O*rr6���>	��t�O*rrh�Mathews [43] \es���(O* Hβ (#4�b� LHβ i�Onrrq741��3� tlife ≈ 106 a �7MN48Y��Onrr>	����O*rrh�"�x-��(O*�}O{iO:`/�rr�e�CQZEaN��℄Q{i"Æv*��SO*h��R}OaN1E���
3.1 �XQyQ2)N"�Æv*o�SO*�s�{iWOxO1�(M�[[O*�O:e�`/U' [42] �{iWOxO1�aNMJs�[[eO*hWOxO1��M�� Seaton [44]_�WOxO1�GSs���ht}O!O1[H#\�_*���aN��b��s�[[C|WOxO1�[H#\�6��O1�[HU'. 20 km· s−1, s�[[e:NWOxO1�r	T ���HtWOxO1�(Mo:NWOxO1�r	T �s�[[eO*hWOxO1�R,U'���Mj1+� Ford o Jenner [45] [[e M32h�WOxO1�R,U'.� 2.8 × 10−3a−1 �

Faber o Gallagher [42] P|H0&:NWOxO1�XR, 0.3 M⊙ �e�#/�"gu*DS�tC4J/1o M32 M 3 N�$�aNaj[��}Oe�`/U'�
0.015(109 L⊙)−1M⊙ · a−1 �>}Oe�`/U'!O*�b
b�Y1=Æn�*���
Faber 9��b�"��>I6�� (photograph band) �>MN[u�� K SOo M SO� UBV ��>9F[4� 0.005∼0.006 (109L⊙)−1 · M⊙ · a−1 [46] �
3.2 �X*B10�UW0>:=26"�Æ�"|jN�}Oe�#/U'�1+� Knapp �� [47] oe�"�aN���(O*��� IRAS (1h�����<##�!S�����#��SR�4Y_*�
S12µm = (0.138±0.014)S2.2µm�%�"�Æv*O}O�aN�"�$On%O�}O%p�F[℄� 0.08 �MI5#�U�*�-}O<#-
�On
Y��W2��mMN/[s�:Q}O�e�#/U'� Knapp �� [42] b��Æv*L��� 1 N�R��(O*O	�Cv}Ow.�{i CO (#4�aN��ke�#/'�e�#/'!On%O�h
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Ṁ = 1.6 × 105

(

D

Mpc

)2 (

S12µm,CS

mJy

)

M⊙ · a−1 . (1)

2002 T�� Athey o Bregman [46] �� ISO lB��R�T��" 3 Nw.��aN�
Knapp ��d9��w.�Æv*h� 1 N Mira 4Ow.��#�t4J.1h� AGB OdY^� 1 Nw.�"C|w.����e�#/'t.� 4 +�Q< (Æv* Mira 4O�w.�t�%
Knapp ���w.�C)�"�}OCTzo`NJ�t4J.1w.�ke�#/U'
M��NÆv*Ow.Y1��mM^Q-��#;"�e�#/U'�K�C��b���h>MNHh����(O*�sQ���^QSt�s57jl�(O*Y��OIn*4�}OUU#/R,Y��U'> 1 NR,C��Y�ly�*�"�}O#/rrhY�dE�e�/'���O*rr�	
4`�s���Æv*�O*rrYr/� 1

165
[48] �v�O*�|"3z
� 1

150
Z [[O*�Yr/ [7,14] � Z�O*6"�Æv*�NJ9��|>"��(O*�O*rr�Yr/�FC�F[����(O*h�Y�
�U'y�Æv*�"�|wNJ9��rr�Yr/�}S	 [13,14] �

4 �[��/�q>%7�(O*h�O*rrh�Y��-
�bqy��j�(1) }O<#T�-
�(2)
rr�-
�}O<#T�-
qy��Y�(DO1���ob
���<#%--
�
rr�-
qy�*��� − Y�q��\v�"��Zt�Y��s���Y�7}O<#To�� − Y�\v���.s�a|�� T �}O<#T�-
s��.< [44] �
H∗ =

∫ ∞

0

4πJ∗(r, λ)Qabs(a, λ)πa2dλ , (2)

J∗(r, λ) ��(O*#\� r i� λ �W�"A�aj�<##���� Qabs �Y�(D*M� a �Y�q�#\��� − Y�\v-
s��.;:< [49] �
He = πa2n(r)

∫ ∞

0

f(E)ν(E)Eξ(E)dE , (3)kh n(r) ��(O*7#\� r irr���M��� E ����Q� f(E) �?&~65E� ν(E) ���"��U'� ξ(E) x:|o\vh���Q�kÆQY��/'�kfr:s� Dwek o Werner [50] Qe�"�	Q��C��j~Y�q��~{���>�����Q��Iu�QY�q�� ξ(E) = 1 �"�LQ��s�j~Y�q��~{�
ξ(E) < 1 �



� 146 �������v���d�Q�B������� 26 h�"��Zt�Y��Y�"b�o���(D��Z_,�s�>Y�SR��>�r�-
<!<#<7�� T s�a|[�|>"�!CY� (C� 0.05 µm) �Y�"b�o���(D''4	�>y��
��	�Y�7(D 1 Nb� / ������s�o�.L^M! K �>7.|o\vYv{i<#p9�	���Mw�Y�>Y�^�-
���7 1 NCt�.ÆO�� [14,26,49] �7b�o���^�-
~{.!CY�dR,�<#hQ�5E�Tsai o Mathews [14]�# Dwek [49] j�il0���<mk21+s���Y�i�ONxh�I' G(a,Td) �
Draine�� [26] P|H
l0�!CY�-
([1+�Y������.Æ4t�>~_��<#��W�$4z�#Y�7h��R,S$�<#�^�-
Y�R,�h��<#s�:1�IG�(O*h�/}O5ES-oA�h���$ [37] �MGoA�h��<#�$:1e!
rr6R�5E�k�*s��� − Y\v�^�-
zm
K�����(O*Bb�5Eo
rr5E�fr([:E [6,51] ���<#To
rr����	��(O*Y�����OI� 30∼40 K �	^�I� 20 K +^S	�Mw�Hh!-��aNd���Y���|_ [4,23] �
5 �[�g�Jv�([�(O*hY�e�qy~��-�����aN��ht��Y�=�5E7TNO*h�Y���b>N�-jN����b
�b>	[Y�e��Goudfrooij o
Jong [6] �� 1 N%k 56 N��(O*�w.����-����ob
�b�j1+���Y�e�/.� 8.4 �QE�(O*hq7t��=�Y���-����<##�[[Y�e�s�.;:< [5,6,23] �

Md =
F 2

λ

kλBλ(Td)
, (4)kh� kλ �Y��(DC~E���rSR.�� kλ =

(

4

3
ρa

)−1

Qλ � ρ � a �Y����o#\� Qλ �Y��(#'�7�RÆv*Y��^5otC5E�~{.�Y�� kλ�[sL53H − gZk −PAH Y�GS���Hh [24] �Y��� Td |"{iY�-����<#�St���7-�������(#' QλSR� [21] � Qλ ∝ λ−β � β ℄�(#\M��ms�{i"5*aN�St��� Td �[�Y�(#\M β "�Y����i��ly�:� β ��[!$j�S�_�%}O*hY��tC�Y^����C|O*� β �[> 1N �	�i�� p�"��gZkoie%eY^�Y�� β �t��[�F7 1∼2 Y1 [21] ���"t�5sAHhoaNHh��H�Dunne o Eales [52] /C�5sAHhoC|O*�aNHh��� β �[�\e
β ��[�F3� 1.5∼2�yS|>� 2 �{iSt��� β >C|�-��O5~{�m<>7z��SR~{.:E{i�,St��� β(.� 1) sQ~_Y�e�!O5k�� 1N�&�Q
 [5,52] �z��GS9�n$�Y����5E���d�Y��7 1 N�
t?�����R,<#�Mw([d��Y�e�0��	�O5�Y�e��P��GS{-���Y�



� 2 j k b��)P+i�P++Z� 147�e��([h�7f�S$�����m<>jl?��aNM
�~{.�P��GS���7�Sz�
[(�Y� (��C� 20 K) �e�� Vlahaki �� [8] {i SCUBA aN�!��(O*sQk�t���Y� (. 107M⊙) �%"��S�(O*�aN:E$M�(O*>Cf,t���Y� [26,28] �"�Y�e�S�B5�([�}	�n$�Y����5E� Draine �����K�3H − gZk −PAH Y�GSHt Spitzer o SCUBA �aNHhPW�([ [26] �d�Y�e�.Æ!z / P��GS9�gtQ
�
Goudfrooij o Jong [6] 9� IRAS �# Temi �� [11] "�tw.�(O*Y�e�jPWi([�"� IRAS �aNHh�Y��e�5E� 104∼106M⊙ �7SW���.ÆoSm�jN!D�~{.� ISO �aNHh/ IRAS �Hhajyt 1 N�&����Q��(O*�Y�k�.�|�b
b�a"O*� 0.001∼0.1�3z�OIn*�bN�K��mt��Y��

6 �[���<%eÆ�d�(O*hY��
��b�$j��
��~_�
:#7�(O*h>Y��qy
��b�d�
:#�>\7L����
rrh�Y�q�YI�����v��Yi|o�|*��Q�kÆ�Y�:B� 1 N�$N'��5�sQ�m���Z�Q�p%��Y�q��LE=��9�Y�C -
��7L��
rrh����W2y/���W2t 5 +Æ� [1] �
���:#nqy����:#~_Y�#\4!�U' (sputtering rate) �.; [1,13]("gZkY�) �
da

dt
≃ −3.2 × 10−14np[1 + (2 × 106/T )2.5]−1 µm · s−1

= 107np[1 + (2 × 106/T )2.5]−1µm · a−1 . (5)kh np ���
rrh�e�M����� 4s5C|%e (3H�gZk)Y�:#
�U'Q<Ct�"� T > 5 × 106 K � da

dt
"����4	CDJ�"��Zt�Y��7:#ibhY��2Ls�-m�>
a���:#
�U'!Y��tC$_�CY��2L1℄-n$��V�Y�7M>o*>�:#1℄-n$�

Jurac�� [53] �([���Y�:#
�U'^Y�#\�4	�"|�Q�����}Y�#\t��+��7Y�h�j~)�4�Y��
�U's�B�UM�}Y��#\C��+���j~)�4�
�U'l:^Y�#\hU?t�M

���j~)�"�(O*. 0.01 µm[1] �"�Mw�CY��; (5)

� 4 �Z��;$d
V(_���5
 [1]��9�\��f�X*g��uu��OA�



� 148 �������v���d�Q�B������� 26 h�d���Y��
�U'1℄��ZU�CY��
�U'>/tY�y 1 N�&�����7�(O*h�
rr7��-
.���. 107 K �7k}��#�0h�℄�7!OIO*��=�iw4�rr��
K�(, [54] �5*�aN{:E
rr���L�
5× 106 K[54] ��m�����:Ct��(O*h�
rr5E>>�:Y��:#�U'� 1 Nqy�S�
7 ��tt�7Gm^�(O*
rr�qyE��*�"�(O* X #4���m^�7�(O*h�
X #4���W2qy�*��1B�%�`5E�
rr�W2o��5E�	e� X #4PO (LMXBs) �W2�"�	 X #4b���(O* (LX < 1034J · s−1) � LMXBs �W2nqy���"�L X #4 (LX > 1034J · s−1) b���(O*�
rr�W2-t�"�I5�(O*� AGN �W2{s�s�0r�b� [55] �%m^�(O*h
rr5E�|NY|�*�"C|^5 X #4(#*�5��7�(O*h�
rr5�L� (T ≃ 107 K)�	�� (n < 0.1cm−3)�	����y8�m4
rr�<#� X #4���
�_<#�q�(#'s��.;:< [55] �

j(ν, T ) = 1.4n2
eΛ(ν, T ) . (6)|4�s����(O*h�
rr5�?&~65E�rr"�rr.(�<#To}O�<#Tj�b
'�� X #4��(O*g7:1e!k=�� X ��b�5E�"�6|�b
b���(O*�k X ��b�s�6Q�N�&��; (6) �M��|rrk�^!s�6Q 1 N�&�Mjb�=��.e>�(O*
rrk��=��C|�Y���(O*h�
rr�S7W�R,�8��(O*h�
rrsQ�*�}Oe�#/�O*�>t�O**rr����%9OOn$}Oe�#/��(O*QZR,�
rr{--XiJvaN��e���m1�q7rr`/��b�rrsQ��XKO)(���O*:��K��kfO*�O**rr�����R,�Cf>i� (ram pressure)%#/���jjB5��S��(O*rrk��=�>3m^�Hh�"�
rr�Bb�5EU5�CK> Beta GS [56] ��.�

∑

X =
∑

(Tg)

[

1 +
(aX

r

)2
]−3β+ 1

2

. (7)kh� β = 10−6 mp〈ν2〉
3kTgas

� 〈ν2〉 �}O�U'=�a1�aj[� mp �e�e�� aX � β�[js�{i5*aNSt��� β �tC:Q�}O4�Q�!
rrQ��/
�z|� BetaGS>CQzm
CKd��(O*�
rrBb�5E�X #4���(O*UU:1eXe BetaGS�oA
rr�
rr�5E--Xe}O5E�Matsushita [57]�� ROSAT " 52 N:SO* (80% �(O*o 20%S0 O*) PW�aN�kh 9 N�(O*:1e0r�
rroA5E��� 5 d<�M|�
rroA�O*CO X ����b
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Diehl o Salater [18] "k}�
rra|5Eoe�P|H�e��f;b�� 54 N:SO*�7HP��f��*�1+>" Chandra �aNM
PWi���
rr�5EQZS-}'
0<e��7f;d���Hhh�
rr:1eE0�3"℄o!b
�=�C6_� X ����I�4��'o1�A^#\4	g��!b
����I�49�:1e�s_��"|1B��k}��#�0�
rr7.3ibh	*�/A����b��mO*OI
rr��I�4�'�L�O*�I�Mw��={|w9�-aN��

� 5 � 0 < r < 4re �Æss
�>� (re �PP+��F$℄)[57]

8 �[��p,
8.1 �B�7R�(O*h�Y���In*%O*>t�7i�>|jYU-Y��Y�n*�7Mj�Zh��(O*h�$�Y�-K���*�>t��IO*�Y���C�oO*OIrrA��!}OC|_� p�s��m��Ki�n$�Y��
�48. 107 T�O*t>d(,�41C�Xi 107 T�"�t>t� 107 T> 1 NU5�48��hO*>t(,7 107 T�O�K8O*�6����Fz��-aN��"�t$M�(O*0�>3�m��m>t�F�C>t�1;PW�%t��(O*�>CkY�orr��O*�M�>t486"S��>t�y�{SNaN��"�^$O*�hL�e�(O*�Mj�In*s�zm
K�$��Y��%9�m� Lauer �� [11] �# Temi �� [7] �����`JvaN%p�:1e$�Y���(O*�>t�?g!��O*>tCQ^�d��Y�C� p��|K��



� 150 �������v���d�Q�B������� 26 h�
8.2 ���(049|"�Q�}O�<#TCQo,^-�����O*�-���� (t� 25 µm) <#{U℄Q�O*rrhY��
<#K���h�(O*�Y�g7f�OIn*���K8�Ra"O*�-�����b��F!b
��b�azm�4Y6_�|>5*aN�Hh>9�:1eMw%i�6_Y�"� B ��aNb� LB 6���(O*�aN��-����b� LFIR �:1ezx�=���tQ<ss� 2 N�& [6,7] �6/Y.��(O*hOn%O
Y��h����<#b� LMIR ! LB �4Y6__*y0r�$ [7] ��vdK��(O*�
rrk�q70rQ
�
rrk�s�� 1 N�&�=��{`~_Y��
�U'oq7GF� 1 N�&�Q<�M^!s�"-��b�=�Y^|I5�:��m�sQ{iZU
rrk��=��4C-��b�=��p%S}h
�5Y��OIn*o�In*�"
rrk��[(�*�O* X #4���<#�M
q7�N|N�F/�y�7�b� LX h���*%	e� X #4PO�W2�m<>"� X ����C	��(O*��*�W2>sa��ko��(O*�
rr5E/}O5ESe/� LX �W2�*�Xi}O5E� 1 NS-oA��$�%�O*OIn*R,�Y�5EC�!}O5E6Qgt�"Mj
rrk�=��:�P|HnP��F>rrk�a3�!}O5E�$6�I5�"�MN p�Matsushita [58] �T�s�oU|GLn��� 5 d<�!�b��R�%9>7�OI�$ 0 < r < 4re ��(O*� X ��b�{� 1∼2 N�&�=��n$�
rr��:��(O*�-��b�=���d4C�Mw�jY�n*C|��(O*3sQS��
�5l��p%oU|j2s�(O*Y�n*�1+��R�T�s�7
Goudfrooij �T�h5� (�� 6 d<)[58] �"� 20 N5� LX/LB > 2 × 1023L−1

⊙ · J · s−1 �
X ���O*�s��B�*�W2�s5 lg(MIRAS,dust/LB) o lg(LX/LB) f�/Cm�-

� 6 �Æssf�pZ�f��`+ [58]



� 2 j k b��)P+i�P++Z� 151�6_4Y_* (MIRAS,dust x:� IRAS N��Y�e�) �7� 6 h� NGC 4696 okfO*E0
�5l��%FO*-��o 1 N�O*Si(,�>t�|4�n$� IRAS N��z�GSf�|��Cz�Y�Mj_*>sQS-E0�
8.3 �5�7ROIn*�"|jl�*�"Y�k�ZE([oOIn*Y�GS� Goudfrooij o de

Jong [6] �# Patil �� [29] �3z[[j�,�Y��tCo��5E�
rr5E�_6�S�S-_�GS� Tsai o Mathews [13,14] =Æ�>y^����5*aNh�k1+t_�. [7,16,51] �F/��(O*#\� r i�}O`/Y��U'�
S(r, a) = δ(r)S0(r)a

−3.5,kh�a �Y�q��#\�Y�q��tC5E
g Mathis�� [20] ���f&�S0(r) �#\� r i}O�e�`/'��}O�Bb�5Eoz��T}O�e�`/'�� [51] �
δ(r) �}O`/e�h�Yr/�SR� 1

150
z(r) � z(r) �#\� r i�}O6"�gu�NJ9���vdK��"� AGB OoWOxO1On Hβ 4�aNsX�}O`/�%e7CXi 105∼106 T�3s�	���O*Meh�/:#
�48C� 1 N�&��m0&}O`/%eÆ%���O*Meh�|{Y�P�O*
rrh�3l:9I:#�
��k
�U'�.;i��

da

dt
= −3.2 × 10−14np[1 + (2 × 106/T )2.5]−1 f(a, T )µm · s−1 .7([h�Y��^5-	�SR�gZk� f(a, T )��CK�CY��yU:#"tY�
�U'�^��>O:~_�Y�R,U'oY�:#
�U'a|�s���Y��M�5EN(r, a) �Mw�([��:#o}Oe�#/SR(,�O*�6|�a��,�O*OI�#~_�Y�>O#��|> Tsai o Mathews [14] \e�f�O*�hL�7tI5�$��#"�Y�M�5E N(r, a) ��:>s��,��E.�n$Y����5E���5E�-
o<#a|���

∞
∫

0

4πJ∗(r, λ)Qabs(a, λ)πa2dλ + 4πa2 1

4
ne〈νeEe〉τ(a) = 4πa2σSBT 4

d 〈Qabs〉(Td,a) ,Æ2�|<�}O<#-
<��'<��Y\v-
<��XM�5Eo��5E��Y�7�0�R,�O��aN#�{s����Mj1+℄�-_�||N7�[y$�� (b
� X #4�-��) �aNM
�m<>[yX�O*7 X���Bb�5E�p%��
rr���5E�Temi ��i�� 5NO*� NGC 1399 � NGC 1404 � NGC 4472 � NGC 4636 o NGC 5044 �v 3 NO*��0!5*aN#�?t�zm�QEM 3 NO*�-��<#���}O�UUe�`/K��Ci[�t��>�M 3 NO*f�6"C	�-��#�o6"CL�b
b�o X



� 152 �������v���d�Q�B������� 26 h���b��%��NO*� NGC 4636o NGC 5044Æ5*�aN#�y-Xi�0[�QEY��kfV;�n*�
Temi �� [7] oe�$�Y��"|jK����$��Y��*�O*hLY���2� Mathews o Brighenti [59] �Y\e�7�(O*�OI (C� 1 kpc) �Y�"
rr��
���#
rr�(�<#�
��s�4�6}E0��^�
rr��
48XiY��:#
�48�#
rr���.348�Mw`sQ9|I5Y�{i�#7O*hL!�n���(O*hL�Y�YoY�w�q7aNV
 [11] �Mw�Y�:1e=O*hL.3�>���O*hL��=�Mw�Y�Y�sQ��O*hL

AGN �Q��2%--
�p%6o=��TNO*h�^�aN��$�Y�^5���V5M|a�� Temi �� [16] " NGC 4636, NGC 5044 M�N:1e$�Y��O*PW�S�-_�aN�p-����[[$��Y�e�. 105M⊙ �!|"O*hY�Y�e�6?�M�NO*�9�:1e�s!kft>��?�|4�7�NO*ht 1∼2 kpc �jB�-[�=��s5�$f>5E�CY��x�"� NGC 5044 ��:1e5E
U� Hα+[NII] o PAH 8.0 µm (#4�=�k5E!}O5E9�_��Mj5E>�7 AGN -
ht�Y�Y>�2�TNO*�ibh�$�Y�As�
�
rr=^��
9 �J1#D
.��℄��(O*hY��^5otC�Y�{i�T}OO:�R,�boR��Y��jV;�-
 (}O<#-
o��Y\v) �
:#�
��bo
rr5E��#_�Y�OIn*�S0�

(1) `Jv"�}OOIn*��Kh���N�S CQzm
���|>TN�(O*�}Oe�R�����sQR, 4 +�S$�Q
��'Nll��S�*��(O*
rr5E�Cf>�C|O*
rrk�C|�
rr�5ECf>��#"�(O*OI
rr4�xh��KC	��~_"Y��:#
�ib�KC	����MG�S�C��Y��(O*Y�n*m<>OIn*>;��� p�[yS-_�nP�
(2) "!�O*�-_m^:E�!k}a�C|��(O*h�Y�s��OIn*�K��MjOIn*�zl�*�g{�}Oe�`/��.
:#
�ib�{sQ�*�Y��yU�
o�#~_�O*hL!��$�Y���2�!Y6"���YU��$�Y�K���I>tn*��	*�Z�aNV
�N�K�d�0<e
Y�i����(O*Y�n*�
(3) �hn$�(O*h
rrk��Cj3�sQ��	-���b
#�_*�=��fr%p�>�(O*b
"��$y�f��*W2� X ���#���ZU�>�sQ^�|jZ<Y�UU (}OO:`/o.
:#
�) o3UU (O*>t�htY��!��2) n*�E��VK JJ℄�,BH".��\~o=	�|4{JJ*M��.��P|H	�oU��5�
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Interstellar Dust in Elliptical Galaxies

TANG Yu-ping

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

Abstract: The origin of the dust in elliptical galaxies could be internal from stellar mass loss

or external from merger. The former one was considered to be insufficient comparing with the

observation, this standpoint came from the calculation of dust mass, the lacking of relationship

between infrared and optical radiation, and the difference of angle momentum between gas and

stars.

In this paper, we summarize the internal origin and properties of dust in elliptical galaxies,

including the size and composition; stellar mass loss rate; two heat mechanisms for dust: heating

by stellar radiation field and by electron-dust collision, and the dust temperature distribution;

the total mass of dust; the sputtering rate of hot ions, and the hot gas distribution in elliptical

galaxies.

The most important factors for the existence and destruction of dust are the stellar mass

loss rate and the hot gas distribution. The stellar mass loss rate is extrapolated by the relation

between radiation and dust mass in our Galaxy, which has the uncertainty at least by a factor

of 4. X-ray observations indicate that hot gas in elliptical galaxies always have irregular content

and distribution. The X-ray luminosities of elliptical galaxies with equal optical luminosity could

have a scatter of two orders of magnitude, and the gas distribution is also chaotic.

The recent Spitzer observations show that dust in some elliptical galaxies should have internal

origin. There are two possible ways: dust from the stellar mass loss may directly merge with the

hot gas and be destructed; dust could be formed in the central disk as observed in many elliptical

galaxies, the central AGN activity could transport the central dust outward through buoyant

outflow.

We conclude that internal origin of dust from the stellar mass loss is important in giant

elliptical galaxies.

Key words: astrophysics; elliptical galaxies; intergalactic dust; hot gas sputtering


