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Fe II YZ�HIU[\���?]^=4�Q�
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�N_&N��M?��`��M$�$�� a

b���� Fec �	M���5��d?ef�
 gh=4��	�� ��ijRHI/$�YZ
��&��4k!2�10), 11)� Q�/lm�	HI
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&'���� %p01%(Pq4+�K�r$%
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�� st�N%
2&l�[\&N���
�'
1%�p
��� u()*vUDEFGF
� �s;1%�	()�w*=+��	� 8%
4�����xy$%( Fe II��=zF{|}
���	� a�2 Fe IIYZ=~M�Pq�,p
?#$`&-J$%?	��� 8N2���&
����.�� �Fe II��=zF{|}��(�
�<�� ����/$/�1%�	(4��ef
gh�0�?
��YZ=12�(� �	M4�
2��� NM��34���&� "`���ab
�������� O I� Ca II�YZ2��

4. O I, Ca II�������

u()*vUDEFGF2�4�lHI1%(
O I� Ca II�YZ�8%�%� O I2���Z�

�� 1,304 A÷ ����5/$���Z���
8,446 AÕ+�� 11,287 AÕ, Ca II 2����5�
8,579 AÕ�'�
�� st�HI1%�DEF
GF���Z+�����Z��D}�=� 4�
� 5���
�� “O I l1304”, “O I l8446”, “O I

l11287”, +�� “Ca II” ����1%����D
&N%$ O I � Ca II �YZ2�� s� Ca II �
6f7��` ��l¡�¢£�YZ&8¤�?
�:��	�� �2� 39�Z2:1%�	

�� YZ�;����¥¦�§1%�;�&¨
?��	(N��©ª/%�2�«M/¬ <y

� 4 ­|®�C�=X¯2HI1%�DEFGF
PG 1148c549 ���>° z±0.98! ���Z
��D}�� ��1
²
?YZ�³��
�� 4�� O I l1304�YZ&´01%�	
(�

� 5 µ¶��Z=X¯2HI1%�DEFGF
PG 1148c549 ���>° z±0.98! ����
Z��D}�� O I l8446, Ca II, +�� O I

l11287�YZ&p%	�´01%�	(�

�5 u()*v2HI1%("`�� (Fe I) R?b·¸����� (Fe III, Fe IV, . . .) �YZ� Fe IIYZ��3��(
/�¹	� ��&����@º6=A(��� Fe IIYZ&�4B	}»FGF�?��	(�
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� 8,446 AÕ����� “O I 8446” �� 	�
��
��� 16,700 AÕ�
���������� ��
����������	
�� ���� !"
���"#$%$���
&������'�
�� �$()*+*$�,��	
� z-0.98�
��
��# O I, Ca II .�� Fe II .���/�0

"#����������� 1�"#�23"$
��4��56�78�����9�12)� ��:

��6�� 
�$;�<=>�?����# 3

�$.�$@��52A�?B� ���0
C�
9���#9�����D�7������13)�
9"9%$�� 8,500 AÕ�
EF�1G�� ��
H���I !"#J6�KL%$$"#
�M
��0�%�����6�� ���	
�$&�
�()*+*��� ���� O I, Ca II.�$�
��N���'�O�PQ�B�RP�9�� �
� O I l1304$���SM��(T���U� &
V�5�W)�X92�*+"#$���,K-
���
F��Y���� Z[\]^_./ `�56
� O I l1304��������()*+*�3�
�*+"#
�M���
N�� a� O I l8446,

O I l11287, Ca II$b*c
0U�d ��e	1
���
2U���9�� 'f���ghijk
gilm3���n\op*(��4 2.1 m/ 
`E[qr$st�M�/ ` (3.8 m) 
5��
��
Ne������ �I 
�"# 	 u�
	
� zv1w ��$()*+*�3��
�M�
xy(o^
679����� �$5e� 	�
�$()*+*$
�M�8%b*c�9z��
�JO�PQ7#��?#{� F$|:����

�}~�Y��$b*c��;��$��� ��
�2
�$()*+*��9���������
�'��B�9�$�� F$b*c
<5���
��9�9�� =�$+��^��	
�� 0.06

"# 1.08, ����KL B���>(?���22

?"# �30 ?�6��e@��AB
�6�(
)*+*����6�����

5. ��������	 
�

�����56�C $.�b*c�7#��
#� ��
D��EF��k����*����
�I9�����B�RP� �e������ .
�$�������()*+*GH$I���#
"��6����� �� ��()*+*G��
'9������e�x$JE�K uL 3�Mw

���$N��'9� F�"#Q$5e�.�
����������������"
� JEO
P�P6����56��U��� Y����f
��()*+*�Q
���������P��
�RP�� ���$N��#��()*+*�#
��$���R��������� ] \(¡*
^S¢�Tf��.����x$U�EF�
M
#�JBGV'�"#$% uWX%w $£��Q
Y¤
Z����
¥B[9� \����.��
�¦$���§]��5e�JE�K
^9_�
��`�$��� ���ghij�Q$¨©ª
^*��56�«"��� CLOUDY14) ��e
¬*�
5��N��9��
EF����I�����a�9��� .�
uO I l1304, O I l8446, Ca II, ?5& O I l11287w
$­$£���� F�#.�$WX%�(��b
(£� uZ?®@d �¯����w 
5���� �

�6 *°"#��������B�RP� F$�,�*°"# �OQ±2�B��$�� ()*+*c�$AB
d9
������#��"#��� ���79�>(?��e² ���"#$³f 10 pc ug 33%hw ������i
�´�9������ ��F$�$$ u�$�,�KL%�$w )µ^¶*�jk
d9����� �?%�$)µ
^¶*�jk
·9�� Z%�d ��e¸l�5�#���� ��$?�� 1?m�2���g 2.5n��2�B�
�$�� +��^��22?"#�30?��e$�� ����9�g 2,000n�$¹���()*+*�º����
���
|:9��� ��»�op$KL>(?��¼4.8?���
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�������4�,5�� 67�83�9��
:;+��4��5<��'(
� !"#"���=���>� 1012 cm?3��
@���/0A>�B+� ,�>C���
�
	 Fe II, O I, Ca II �����.+��	(
DD=��� 1012 cm?3 5���
� /0A�
1 cc �E� 1!F�=�G2HIJK>�B
'	5��,5�'( LMN�OPQP RO5
O�P�QPS �=���
 1 cc  �E� 1

F� T����"�/0A�� 1 cc  �E�
100#F�'���  !"#"���/0>�
��U$�VW�X	�>��E�'( Y�Z
�[\6%�
 1010 cm?35���>&]'�
(5+�^���4�+���15)� Fe II ��
��.'	/0���>_
,��E 100)�
��5��,5>*
��,5��E�'( �
�� F`�/0A�*4

 1010 cm R10#
km; +,�*4
�� 1/10S �E�*4�5a
b���'(
�/0
-c�.%d/ef��� 0�g2hi
jk 0 1020 s?1 cm?2 %l�g�m�
��
�	( DD,�
=�G2�0��4	n��
o!pqr"����g2 R0�g2S >� /
0�12 1 cm2 �E�34� 100s� 100s
)F5��8	5��,5�'( �6�g�
'( Z�t�,�78��8u��	9�� /
0�:2 1F��'	0�g2�h�*'0�
vjw"x" U�1'5� 10?2.5;���E�
'( �y+,�
�Zz{|}0�< (Fe II)

�1�~'	���XE� T����4��}
0�=� C IV����
�����0���
/0�1
� �E.%d/ef�8�X��
��5�6�g�
�
���	
��'(
� !"#"�5����/0��
n5{�

����>� /0�m�'0�g��

 1�
100)�>�������X	( DDY�Z�
 !"#"#K�q
�?@�> 0.06��
1.08, g�>�� B�K�A�B�� ?22 B
��?30B5��C��$%��3���'(
�������/0>D������3,5

�  !"#"�g�������/0��
�H��>�8�����X	,5��8*�
+���'( |?�/0�m�'g��
>�
�	,5
� ����-c�.%d/ef��
t�
�	g�9>��	,5��b�� ��
�*���{���'( ,���� 
����
g�� !"#">�@��E����0� 
�q�*',5��� ���./0�m�'g
��
� !"#"�����E�����X
z�5ab���4�+�( ,�f � -c�
.%d/ef��t�
�	g>��n���
�./0
-c��¡8��B+�� m�
�
	g��
>|F��	���¢Gt>H��
�	,5��E�'( _£�,�¤I¥¤
�
“locally optimally emitting clouds”16)5¦��	
���.�§¥¨K©��� =��I1'��
� H b ��'	 reverberation mapping�7, 17), 18)

5��ªJ�����*�
����'( Fe II

�1��'	Y�Z���
� ,�¤I¥¤>
'«��/0�1�3��¬EK���	�­
�
��,5�*+���' R®+8
) 65
��7�¯�L�°mS( _
,����Y�
Z�CM
� ±²N���O��������
³´
��'(

�7 -cgµ R.%d/efS �g��.��>¶���PQ����
�'	5� ���.�!pqr"µ5+�g�
���·E�/0������.���¦¸+�
�'	( ,�
��¸R��2���'	,5�¹SLMº��
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�9 Figure 1 was created in part making use of the image provided by the Digitized Sky Survey (DSS). The Digitized Sky

Surveys were produced at the Space Telescope Science Institute under U.S. Government grant NAG W-2166. The

images of these surveys are based on photographic data obtained using the Oschin Schmidt Telescope on Palomar

Mountain and the UK Schmidt Telescope. The plates were processed into the present compressed digital form with the

permission of these institutions.

�10 Figure 1 is in part based on observations made with the NASA/ESA Hubble Space Telescope (HST), obtained from the

data archive at the Space Telescope Science Institute. STScI is operated by the Association of Universities for Research

in Astronomy, Inc. under NASA contract NAS 5-26555.
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