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3 EBIT X e.H

EBIT -
�pymÆe LLNL ��h� (℄|k�| EBIT-I)�B6 1989}dRWT��K�LLNL .p�? EBIT ,� —— EBIT-II9 SuperEBIT 0��l�B?�EBIT �[�%�8Æe�P%%�:2}�Q�M,8K5�^IÆe�"%�)&C�)�8R9Æv*[$&C�7��9dRWD��%�[u�Æe&'���9��q|&h(�B�R6 2005 };TvuY��A�q�h([C�℄��|&��[Wv9{)℄�H`&�{h(&WDC����WC8f,��8*'R�G��958�	-5�fpV�58* 3T &�e (-�Kj�&AShi�Wbm) N�9S���58�^) 2 cm &G4K�G4&�Kk7l 60 µm �[58�^)& 3 �Æ��℄
℄��&5k�{�8�K:/N�[G��D:N�-58�&I5��9�e��8&0�>-v'�^)t-
℄�k_Æ�~p� 3 �Æ��5k[���&:OÆ=�58�&v�-q��A;��[z[ 100∼20000 eV ���q��VR�M;&v�[z�}4�50{
;v� &58WB{6 2×1010∼5 × 1012 cm−3 ���0 6 �ErgÆ�''RG������Er*)6^)�!'R�
:G�'RC8f
8�R�.��:O�:'REr*)6:G�'R5��8��qdSvu�
o�#��O[{&&��	�{	�M� 1∼7000 Å&Y�Dh[z�y� X 
,�g�D>�X {���~��B& Ge �Y�~�Y�8&90 X 
,j
�4NBR�	Y� 5 ÅÆ & K e\V
�I��[tm�WD&�B�	Y� 4∼25

Å4>�.�& Le\9 Ke\�� [21] ��e�	oL 10∼400 Å4>&j7pj
 [22] ��p���" (Goddard) m�aT�G| ASTRO-E�Jo�& 329+ X 
,tE�	 (XRS)�*�,� EBIT ��{tE�	W0 10 eV v�
66&u� X 
,�Yv�� 6×6 9+{&M�#�� 12.5 mm2 &�Y[n� 1995 }���"m�aT�G� 25 eV v�
669 1/50 �Y[&�9+E�	���,� EBIT-II ��Q}\
66&�9+�	B?*�,� NIST &58��8G�� [23,24] �58��8Gh(&���~J|��W0bm9�s�8&v��vd;J;&�,Ql)o~oL�V
�58�&v�gÆ[ 30 keV uJ�d;�q��4gA;g�[�,F6m��5�C�e 2 %~#^)d`>�&58�v�~d;J;&5�C��58�v�| 1200 eV s�gÆ�Y� Fe XVII & 3s→2p V
, (Oe 2(a) 9~) �q�v�,6
Fe XVII &5�� 1250 eV ����v^� Fe XVII �,�e 2(b) %~#58�v�� 1300

eV s&���-658�v�- Fe XVII 5���v# 50 eV ���bm# Fe XVIII �8�^)-$q�����gÆ.y/�K 17.623 Å�,F6 Fe XVIII �8 [25] �



� 3 � �$U*�wv	 X d-WS�� 253�

f 2 EBIT-II �Z�' 16.6∼18 ÅE�' Fe L f℄ � [25]

(a) 7:x!~ 1200 eV Æ�2 Fe XVII 
:do� (b) 7:x!~ 1300 eV Æ Fe XVII ; Fe XVIII ��
:�b
℄
<�~ 3G ; M2 (�/�I8�r Fe XVII 
: 2p53s 1P1 � 2p53s 3P1 ; 2p53s 3P2 x{ lD
2p61S0 (R$
s�℄�/℄��!��A
℄ÆR℄ 17.6 Åy�+<�~ F1 (�/�℄ (b) g�
℄ÆM 8 FeXVIII( 2s22p43p 2P3/2 →2s2p6 2S1/2 R$


EBIT &��D$Q40)&J|�W0Y^58v�&v��vbmFj$w
K&58�� Savin )H [26] 
Vh#��o℄p�&J�.�bm�~t-}458�&v��e
3(a)%~#az 2.0 keV )�8R&58�v�&s��<6,�̀ s8}58&50v#�H;&58WB��G)#��Y^��K�O^
v�;�B ?*6Fj$w
K&58

f 3 (a) EBIT^}b{ 2.0 keV 'Gk%x*	9S:T*'69�'6l6t�'5U7-�
(b) 2.0 keV Gk%x*	9S'69dL/� [26]g (b) �#5?� EBIT _(Hl&y
|�do(7:eM
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K�q<&O
�s,9s��O
&58��|Hgv�58�v�h�|,fsÆ��e 3(b) %~v#q<&o�O
58�VW&��q<&oO
58K6ÆO� X 
,�)oL�H�~& [26] ���q�Y^-B0[`gt�ÆÆ65��E~Hv8}q�!s&�WJ�^�&��Fj$w�[�B�q�,�&2{O���~d;��	��)[zu&58�B�OgÆbmK�&���q�'���h(O<s�az�1m~�19Y��&��k,���
4 ��Q;pMvu� X 
,VR��eF6�J�Y9Mv&�h� [O��sO�4avu� X
,VR��eM�&0Y�Y�
4.1 ��1F�xs�l���e���Bk,&ÆOO��K
;���&J|�,�k%\O9VR0�&�,[vu�ÆLCM0�Y��-O�F6 Fe XVIII∼Fe XXIV &\O L e\V
,��%|}u�&vu�ÆD�R{�$Æ�K [27] �0�,=&Hq}W~�vu� X 
,VR��e9~0Y&�~ÆO����,�K�^)9
�&V
,u-$;T&�0\O�Ts&v#Æ�K X 
,VR��e0)&�F6589�8&�,��� ~&�Ts0 Kelly (1987) [11] �MEKAL [28] �
CHIANTI [29] � Arcetri [30] Æv NIST &�,_2 (2003) [31] �q��,=&uN0CÆH`�H:9 -&�,�kH`�Q+�I�~F�H`�����{)�;��.��{)vu��g��,F6�WB&)�8R�Qq�,[VR���YH�&�9Æ�90&�,=M0���q}&�C8�T&FA�1vvu�FAY���%vu�VR��e9~0Y&ÆO���B?��R�)FA&C8aN�1# Ar XIII∼Ar XVI &C8�T�B�q��T�)�`Q>E=�E=�e℄o���9$�&�;��9vu��;T#K- (Oe 4) �-'=`���',$�#0KJ�&�K��L0Æ�&T,��;�19vuY��	[$Æ&`��&~�,=Hq}W&k,�8O�* Chandra 9 XMM-Newton X 
,�J9t~&
Le\�� [33] �9Æ�Kq��� Z A+ Le\�,&vu�oL� X 
,VR��e&�� ~J��ljCjh(
D#��ÆD�EBIT h(L[�`q7oL�Lepson )H [34]��ql#K Ar A+ L e\�,&oL��Kv 20∼50 Å[zu 79 [F6 Ar IX∼Ar XVI&',�= 1 &v#	� Ar �8&',�v	�Ts�?&�,�k���MEKAL �Ts�0 7 [�,�Q NIST [,�Ts:0 2 [�,� CHIANTI �Ts
v# 11 [�,�*L Kelly �TsBq}�=&v#� 175 [�,�� Kelly }�&�,F6�W)�8R���\O�,[,WBVR)�8R��^H�&�q��,{$
6m��,9VRF0�4$�|zs�Q+5�s>2P"[�W)�8R�^g�����-O�Ar IX �'&�)sP"�, 2p5

3/23s1/2
3P2 →2p6 1S0 [ Kelly �Ts�OM0&v~�q�� Procyon &

Chandra �Y��&q[�,M0$�~A�K�Q*�K| S &�,�^)9 EBIT-II �
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f 4 EBIT-II ^Z ' Ar XIII∼Ar XVI 'wv �w�<�2 � [32]y/~ Ar XIII �/Æ3/~ Ar XIV �/ÆiS/~ Ar XV �/Æ3S/~ Ar XVI �/
W 1 20∼50 Åj*� EBIT-II rZ`b Ar 2b$�>:iW$��bS�� / EBIT-II [34] NIST [31] MEKAL [28] CHIANTI [29] Kelly [11]

Ar IX 11 2 0 0 13

Ar X 27 0 0 0 30

Ar XI 12 0 0 0 32

Ar XII 6 0 0 0 42

Ar XIII 5 0 0 0 42

Ar XIV 8 0 2 2 11

Ar XV 5 0 2 2 5

Ar XVI 5 0 3 7 0'[&ÆD�u���Z[� & Ne � Mg � Si 9 S &�,=�q�A+& L e\V
,B[ 30∼150 Å4>�q�D�gÆ) Chandra ~�Y��9 EUVE �J&t~[z�9�k%�K�+�8 K e\ X 
,�&Kz-K L e\�&Kz�|.y��C��-6q���[Ay��D#�|3�&oL [36,37] �vu�Æ�Y,5�C K e\V
,�s|zs&��|~pV K e\�,Y~C�&58v��Qq|&v��Æ{q|&5�C5���+�8�,�&ljCj,�vbm,5�C�8 Fe XVIII & K e\�, [38] �
Decaux )H [39] [ EBIT-II 58��8G��[ Fe �85�)o��^�#,5�C Fe IX& K e\V
,�e 5 %~#�)5�& Fe �8&4N K e\V
��T,gg*M9f*K|�H�~&�CQq�,gvÆg���℄}9
�~�+Y;W/!5�Y�&>>z>�q
[>>z> ASCA �J�Y�& Capella ��s$�#�v�Oe 6 9~�-6�_4� Fe XVII 9 Fe XVIII � n = 3, 4 → n = 2 P"&',�QM9# n ≥ 5 → n = 2 P"&T,�[Dh 10 Å{�z>-',�#�Y0� [40,41] �
EBIT-II ℄;T&vu�Y�
=`[��z>�9M9&o�,0K�T& [42] �\OT&
n ≥ 5 → n = 2 P"�,{[?5�s+x? (K Fe XVII, 10 Å �K Fe XVIII, 9.25 Å) �B
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�~�K Fe XVII &vu�Y�&~# n ≥ 5 → n = 2 P"�,0�� Fe

XVII B',0�& 1/10 �q�Æ0�[ ASCA ��z>s9,�&oO
0��

f 5 EBIT-II d:' Fe X∼Fe XX 	9' K f℄Wd� [35]

1.925∼1.940 Å5?(Xf/"�I8 Fe XVII∼Fe X 
:


f 6 �G7�! 9^�'�-LWd�'"6 [20]

(a) ASCA �L�[( Capella !�
g�<w%JbB,(�*
���P�� Fe (�/Æy/?�N2`5I8�"!:_�R$�/(|�
 10 Å|(�5??��[<|���(a�� (b) EBIT-II _( Fe XVII Xf/[!
�#5�I8�!:_� ≥ 5 x{(Xf/
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,0��4CÆD)�)
���z>�Y��-'%$-$`�Y~�� (T >10 MK) )�8Rbm&�`�~0Yz>�	[&`��Oe 7 9~�CQ� EBIT 58��8G;T&vu�VR���e��	Y�=`�	[\OT&M$��K& Fe VIII∼Fe X ,�q�T,9
�~Ql#2�`�� [43,44] �Oe 7(c) 9~�q�vu#`��)�8R (T ≥18 MK) �H	[&�;�N&vu�VR��Y�4&~#�6 60∼140 ÅDG&ÆO� Fe VII∼Fe XIV& M e\V
,XM0$��K�

f 7 �Ihd7'�-L �{?'"6 [20]

(a) EUVE F[( α Centauri !�Xf[!
��#Qe< (b) �(�a� (�#Qe) 2��
 (c) 7:�
:I�7:�x!~ 300 eV uÆ Fe VII∼Fe XII 
:(Xf/
��!(1!I8"℄Jie8�/Sn(3�a�
(�#Qe) 


4.2 ��ÆY
�,�KA�C�~��=:�vu� X 
,VR��Y��C>&�O
�FA&pV*[�1����az�s|�~&O
�k%�0C`��vu*[�T��,'B&�1LC��6�;&*[9-6�T�58pV*[&Y�}��B?|}RVh�~&����54C�8*[&Y�[58��8G℄;T [45] �B?��)`>9�^�}�Y�# Si2+ � Si3+ v Ar7+ &58	-pV*[ [46∼48] �CQ��0 LLNL &58��8Gh(vY� X 
,VR��->�54C�8&58	-pV*[ [49,50] ��'&58	-pVY��54�'�,Ql)o&Y;�e 8 &R#H`�,Ql)oK 15∼18 Å4> L e\V
,&�)�^)Y^58�&v� (� 200∼1000 eV) �O^




� 258 �������W�
�f�<�i������� 23 X�6vH`)oK�,&�)� {�'&58	-pV�j
z��pVJ�℄&�xpV�ÆvJ� W0� n �58vz&�58u>�J,�4C�J,&QlH`6i,��K)�8RF�Y�&�,'B0�)�+Hv
6v~�e 8 `s%~#J� &�58u>�xK 3d → 2p �,&�~W��O� 2p6 + e− → 2p53dnl N�x�0Z�{�58u>�xK 3s → 2p �,H�~�

f 8 (a) EBIT-II 'CS �
�3'�q Fe ' 3d → 2p (;} 3C � 3D : 3E) : 3s → 2p (;}
3F � 3G : M2) Wd-� (b) Wd�669�w '5U [49]g (b) �&�%�(7:�/rXK��xK�"( 7:w��L/
5v�4T&g��,pV*[vN�/�vu�M9v~�e 9 %~#�O Fe &

3p3/2 → 2s1/2 P"*[Y��{6,`%/%~#J� &�58�J,j
vJ�℄&�xpVvj
z��)�Y�-'9�;pV*[-'9$O
������'pV*[O
&�)m>$C2��x&�)m>$`�k%&�;�1X�_4� n �J,Kq[f�& Fe L e\�,&�)�vu�Y�
�v��58�J,K}��,'B0 0%∼15%&�)�[,6sÆ��8fB9K�&�Bs�q��)kÆ^�����[�6q��Bs���)gÆq>M9�F6 1s2 + e− → 1s2p nl (n ≥3) �x&�58u>�J,&`>K Fe XXV & 1s2p 1P1 → 1s2 1S0 & K e\�xP"!5CÆ [53] �={$�,huv
Kα �x,Æ��q�!5��6)�8R&589�8�B�= 2 
v# Kα �x,4>�J,�x'BY��9�;�&-$�qÆ�BH�90&�)F�*_4;~&��58u>&D)H::�b'%[9G;&��,&'B�=9bm&g
6&�,K�B&vH
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f 9 ��P	9 Fe23+ 3p3/2 → 2s1/2 Q#'qW+\6w '5U [49]|g&�%K�" 7:w�Æ�xK�_�z7:�/rX(�*
I8 n = 4g
�x{(lf{��*℄8/�&�~{LS
yx�VI8 EBIT-II 7:�
:IÆ
>�3I8 Iron Project (y/) [51] x�8F�3 (3/) [52] 


f 10 EBIT-II �3'�, Ar '�y-w�69v?- [56]



� 260 �������W�
�f�<�i������� 23 X�W 2 *��u Fe XXV pE2 1
P1 �? 1.850∼1.852 Åb+52pE�fZ�G>��GbS�

n EBIT-II [8] 1) Bhalla 2) Bely-Dubau [54]

/10−20 cm2 · eV

3 30.92 28.06 25.75

4 10.32 10.03 9.16

5 4.50 4.93 4.57

≥ 6 11.39 5.07 3) 7.08 4))� 1) [!�z)D(JB<X~ 15% � 2) (I_j� 3) �3!|%
n = 6∼8 (�L/� 4) �3!|% n = 6∼16 (�L/
����C2&ÆW [8,55] �q�vH&�,-H�)�8R58WB&!5�=x#58WB9�;&HA;W�.p�58u>�5��E��~)o���e 10 %~# EBIT-II ℄Y�&�+ Ar �58u>,�*[$ TSR&	W℄&�}vu�VR��Y� ~��6,��5�C�8&�58u>Y� [17,57] ��5�C�8%CHv[	-�E&,�)�8R�	[�CQ�[g�VR)�8R���5�C�8�^)�5�QH�58	-5�Ql&�

4.3 �;=Dga�1�eRadU}hBvu� X 
,VR��eBÆ&2{O�*Q0Y�J�Y
��9Mv&ÆO� [��0Y Fe XVII V
,	[&ÆO�ÆvKWB��B_�&�,'B-&;:v���p�vu� X 
,VR��e.��){�v�V'9VhD&vHÆG��e'B X 
,vH&V'gÆ#`q2�
(1) Fe & 3d → 2p P"�6 15.014 Å9 15.261 Å{ Fe XVII &NA>P" (3C) 9�x, (3D) �\OVRF5� L e\�,�B�~&�,�q�[,&'B- R = I3C/I3D 
*)~vHZa=4�eJBvWB [58] �-6�x,&Cx'BKKÆ6NA>P"�,&'B�E)�8R�&�8�xX
{�
��eQ���Y0�ÆÆ/�`�BD58	-pV*[�1&FB[

5%∼30% ���q�`#�eJB&vH�)��v℄�	�H`�;�1&�e"'B-%~#q�-�[ 2.9∼4.7 ��4T [42,58,59] ��e"'B-&HA;W (vu�| 2.9) ���eJB[ 0∼3 ��4T��qdS58��8GY�& R = I3C/I3D | 3.03±0.12 [42] �Æv�[z&vu�Y�%~�q�'B-[g4>uKpV)o ( {j
z���xpV�Hg
6&�58u>)�|LH4&�q�-'[ljCjvu�$�#;�N&�v [60] (A�{vuY��&���,'B- 2.05 [61]) �O%9M�[ljCj)�8R��90&�,Ql)o*��Wpa���q|&Y�M�#HgU�&�uÆG�e 11 %~#�)$NÆeÆqB Torus h(�2&4N& Fe XVII ���[ JET vu��$�#`|&���vu�Y�&�, 3C9
3D 'B-9 Bely9 Bely [62] &�;�1m>$C2�q#`^g�hBDV=&�TB2�H>�&�.�℄[�q�H�� Bely9 Bely9S)&C8aN~-'[&�1aNq(�g�/x 2&-'��C&�=BHv#�g�
;&�1℄Y[H`�
�&-'�C2�
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f 11 PLT mkDk*un�C �
�3' Fe XVII L f℄Wd� [61]�C�vu�Y;�,'B-LC	[COÆO�Ay�Y�&'B-~-vu�Y�&>�qgÆK|�-6�xX
��&��v℄�1.6∼2.8[zu&	��
[AyZ\&`��4Y�� [58] ��qCs�)�}KVR��|j
��K}�VR=[j
&n
�==x#X
?��Q+ 2.6∼2.8&�
[ CapellaHJ�Y� [63] �.p��e"&ljCj)�8R&Y�-'?6 2.05 [61] �{vu-'�i	[g�)oQ��#�e"&'B- I3C/I3D X0�oL�?���e"/x 'B-&gvm�oL0#�;;h�yV'# Fe XVI&�,9 3D ,&`> [24] �e 12 %~#}4 Fe XVI fBs� EBIT-I ℄�2& 3 ���� (a) e�B� Fe XVI fBs�2&��� (b) e�B, Fe XVI fBs�2&��� (c) e�k,℄M0 Fe

XVI�8s�2&���90&��[[58�v�| (1140±40) eV sY�&�
O VIII Lyγ ,�{6q�4>���0[ f 12 ��reT69�	9H�Ia6	�F0y!Z ' Fe L f℄ � [24]

(a) t.7
�G� (b) .7
�G� (c) 7
�G

(c) eRv^��q��|�0qs)�8RR���E�R0{Jn[�8G��-$ 3 ���gÆV'�Fe XVI fBB�s� I3C/I3D 'B-�� 1.6��sv�Y��[�n (:|
A 9 B) &�,�Q.�[�,q>9 3D �,�9�q{$�'B`%bÆ� I3C/I3D 'B
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�f�<�i������� 23 X�-�>�B?&�;�1M0�Y�9 3D �,q>�>& Fe XVI �, [64] �0�q�I�Y10� Zhang 9 Sampson [65] &	m�vu�VR��Y�}4# I3C/I3D vH&,�� I3C/I3D H�C2&58WBvHÆW�Q�C2&58�BvHÆW��C��'B-K Fe XVI9 Fe XVII &fB_��q�'B-g)~Y�54�E958�B�{) Arnaud 9 Raymond [66] 5��E=g� Fe XVI9 Fe XVII0KfB-5s�4T6,958��8GY��T���~�t~#N 1∼7 MK&�B4>�0�& Fe XVI 9 Fe XVII fB-| 0.1∼2 [66] �e 13 Qv# I3C/I3D 'B-5�B&4T��6,�{6,9&~&�B9�&`��a=>9E&��a=>&�B���&�- Capella ���&'B-�v&�B (N 4∼7 MK) 9�+��-�8'B-�v&�B0����9 XMM-Newton � ASCA 9 EUVE [41] ���v&j
Y�0���

f 13 �wv	Z ' I3C/I3D (C.6�C5U'bO�2 [24]��[3+�j�2 +
:T�D

(2) Fe XVII & 3s → 2p 9 3d → 2p �,'B-VR)�8R�&�p Fe16+ & 3s → 2p 9 3d → 2p P"&�,'B-~-�;�1Æ

2 '�vu�Y�q�-�s{)# NIST 58��8Gv���^!tE�	 [65] ��-'9�;az�1-'m>$C2�K~[�qdS58��8G℄S) 3 ���	 —— BR��	� XRS tE�	Æv�e��	 [68] �D;T#Y��-' 3 �	�&�T9Ayv�&VR)�8RF —— Capella � HR 1099� NGC 46360m�Q9�;�1v NIST Y�H�� [69] (Oe 14 9~) �qgv�-6C8�T�1H���&�
(3) �B_�&�,'B-�58u>,958	-pV,'B-K58�BC_� [70] �q
*"\/�)[�+5��8& K e\��oL�K6 �8℄� Z < 20 &�+�8���58u>,��YH�&�q�,[�+& C – O����`gT�Y~C�&
���Rv�&Hj
f_l
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f 14 Fe XVII ' 3s → 2p : 3d → 2p �-(C.6w '5U [68]�sfU�VI8 Beiersdorfer +I [68] �yH3~ XRS vG!�[!/(Æ!_3~DT!��[!/(ÆoH3~!f!��/(
oH^w~ NIST /( [67] 
 X �_(x!rDN2y���
℄�/7
�G+
:T�Æ Fe

XVII Xf/"�/K�y�7:(�/q�
�
6v~�`|��58u>,[ L e\����CT�Y~�<&��vH,M��BI��.p� Gabriel [70] K|X0���,'B-�K�B`g_���O� 3s → 2p 9 3d

→ 2p �,'B-���vgvBH�q|��'B-K�B�0T��W�0�� �8℄�vz&V
,9,pVCvz�,�-�_�6�B [71] ��O� n = 3 → n = 1 & Ly β,9 n = 2 → n = 1 & Ly α ,'B-�q�'B-K�B_�&C��-6pVJ�H`�pV�� n vz-pV�, n vzY~��&58v����&�B{�O&58pV��
n vz��{�,�"�e 15%~#�- O VIII & Lyβ ,9 Lyα ,0K-&�B4TT|�q�vu� EBIT-I

f 15 O VIII ' Lyα : Lyβ -(C. [20]Z/~ Raymond-Smith 
P [72] �y/~ MEKAL 
P [28] �3/~ APEC 
P [73] 
yx��℄�sfU7:�
:I_+ XRS vG!�[! (ÆyHE3�U+�7:x!ÆW#S�U+Hl&y7:�D
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�f�<�i������� 23 X�58��8G℄;T&�vu{)#Fj$waz�9�58�v��-'=` APEC aN9vu�Y��m>$C2 [73] �
(4) WB_�&�,'B-�+�8&>2, 1s2s 3S1 →1s2 1S0 95�sV\&NA>P" 1s2p 3P1 → 1s2 1S0 &�,'B-��Æ~O*)6i�)�8R&58WB [74] ��WBb
s�q�-�3:6,�+, Z &�+�8-� Z �+�836,&-B�t��<&WBvH��6kACvzlT&	-`>�q
[5� K e\��&	�ljCjY��$�#�v [38] �q�'<�v[`��8& L e\V
���Y���O��;�Y�� FeXXII & 2s22p 2P3/2

→ 2s24d 2D3/2,5/2 P"�,9 2s22p 2P1/2 → 2s24d 2D3/2 P"�,&'B-K58WB_��

f 16 ��� Fe XXII ' 2s22p 2P3/2 → 2s24d 2D3/2,5/2 Q#�-: 2s22p 2P1/2 → 2s24d 2D3/2Q#�-'(C.669XC'5U [75]Z/;y/eA� HULLAC ; FAC p_�3/(Æ + ?�7:�
:I(yx�V


f 17 ��� Ar XIV '�\�-(C. I(27.631 Å)/

I(28.329 Å) 669XC'5U [32]

�;�,'B-F6 Liedahl & HUL-

LACo℄�1 [75] �Oe 16�e��[,
��6 9.068 Å9 8.974 Å �[ljCj�Y�M0q�[,� EBIT-I 58��8G℄;T&vu�Y���#q�-�&,WBs+�+q�-�9�;�1m>$C2�K58WB| 1013 cm−3&�;�1;:vu~[ NSTX ljCj,�℄;T [18] ��p��� Ar�8&�[B'& L e\P"�,K58WB_��QK58�BH_� (Oe 17) �q�[�,'B-H:=x#-�B��&HA;W�Q+��>#VR�Y�-T_l��&0'HA;W����q



� 3 � �$U*�wv	 X d-WS�� 265��[�,'B-�s2&58WBvHÆW�gÆFAvHVRV
 Ar XIV �,4>)�8R&58WB�
(5) �e&vHK�e&#00$6K)�8R�&�N�v50&�0�VR)�8R�&�eY���6UK?���g���,
'&Y;��O��WC8f,54C�8&g���,&UK?�
*)6Y;Ayf τ Tauri HJ�1\|� KT �z&�e [76,77] � X 
,&
'`%~-g���,
'>CO���q�}�[ X 
,DGHv)�k%�XM0�e'B& X 
,vH℄Y����E8gv&�e'B��vH�vu� X 
,VR��eoL&��k,ÆO�q�7k~[�qdS58��8G℄;T��ÆD
G�v�� X
,'B5?+�e4TQ4T��~	[C'&�e��p Fe �8v� (1s22s22p5

1/23s)J=0vz���kC (1s22s22p6)J=0 �M0�es�q��4^!�n�>2&�[0�e	[/x � (2p5
1/23s)J=0 vz9 (2p5

1/23s)J=1 9 (2p5
3/23s)J=1 vz`>�q|{�kC&��l|gv [78,79] �e 18 %~#, (1 T) 9� (3 T) �e �+ Ar8+ & L e\V
��[��e�gÆ.y/^�-�e3�&�, B � B ,9�x, (2p5

1/23s)J=1 → 2p6
J=0(3F) &'B-5�e4T���gÆ^)�,'B-~vH�v)�8R�&�e'B�℄�C�gÆ�)�90�p�8�� Z &�p�8gÆY�'�e�-O Fe XVII �, Z &�p�8gÆY�T�e�-O S VII �

f 18 �Ia�f! Ar8+ ' 3s → 2p Wd-� [78]

(a) 1 T � (b) 3 T 
�!�℄�sfU(7:�
:I_e%

4.4 �k�y%�16\t℄��\OVR)�8RBH{6	-5��E0C�-O��5�&TJ0JT�jDJ�oÆvHJ���K�p�~[5�&	-)�8R����K
;�B &�E��~[5�&)�8R^)��5�V�~=|� η = net�y58WB9s�&n��~s� t < τequ(τeuq����E9Y~&s�) �oL)�8RO{[5�)G�O'WBC�s�CtOgÆ���E�58��8GW0t-Y^58v�&v��vaz`�E[��^)azV
�K~
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�f�<�i������� 23 X�

f 19 EBIT-II Z 'Ia6	W�!'6�	9 K f℄Wd� [78]

(a) η = 5 × 1010 cm−3· s; (b) η = 20 × 1010 cm−3· s; (c)

η = 50 × 1010 cm−3· s 
 Fe XXIII ( 1.879 Å; Fe XXV( 1.868 Å�/��
)


[:5��ECtT&)�8R�gÆ�K~[5�&)�8R5� Ke\V
��e 19%~# EBIT-IIY�&H`5�V� &5��8 K e\V
��5s�&i��)�8R&�Bp���5�C�8�,v'�[ EBIT-I℄��5�)�8R& X
,j
az��^)#bm�
;5�C�CK�58�v��,��Æ�0u>��,Ql{�&)o�e 20%~#58n
��- Fe XXVI )o�Ql& Fe XXV K e\���q���^℄<q>H`6�E0C E&58	-)�8R9Ql&���V�C�,-��C�,�'��q>958pV)oQl&��0Z�Q+M0�J,&P"�yM0F6,5�C&ue\pV�J,��M0�58u>�J,�58	-pV-6M0W0 Ke\m?&,5�C�8Ql����x#u>)o�Vm K e\P"&gvW�q�z�u>)�8R&{�J|�
4.5 
w�z<_[�a X �1n�LJÆ�9Ayh�&��8�&54�Ygv�LJ� X 
,j
& ~Ql)o [81,82] �Ayh90ND)&J�4�&54�Y�*K|�S X
,&Hj
& ~~F [83] �54�Ygv�[jDJ�o&�,Qlm� [84] 9J�& X 
,bm��4�;&D) [85] �A�|r}~�54�Y*[[O�h(℄;T#Y����*:&vu�

X 
,VR���T
uX��B?|}&��0��9LJ X 
,j
0�&54�Y3�j
��� Greenwood)H [19] �) JPL \b
-�� (ECR)&�7�8 Ne10+ 9 H2O0ND)$� f 20 �-w 69v?Rm' K f℄ � [35];2(�/I8 Fe XXV Æ�� w ?� 1s2p 1P1 →1s2 Æ
y ?� 1s2p 3P1 → 1s2 Æ x ?� 1s2p 3P2 → 1s2 Æ z ?�

1s2s 3S1 → 1s2 




� 3 � �$U*�wv	 X d-WS�� 267�&��	-v�9�vAyh0� (70

keV) �Oe 21 9~�58��8G��8W0�,&v�� EBIT &�8�BgÆ[
50∼400 eV u4T [86] �0�&	-v�>6 20 eV/amu �q�v�{6LJ X 
,j
,v�E�=UG#
ECRY�&H��e 22� EBIT-IIY�&�-�8 Ne9+ 9�W Ne	-Ql& X 
,j
�-6Y��{)#�
6&tE�	�q���
6v#O�[�,��℄vz 2p�3p�4p�
5p 9 6p P"�kC&�,
�:|
Lyα � Lyβ �Lyγ �Lyδ 9 Lyǫ �e f 21 JPL69℄
Æ.�y	9G�'A8	9 Ne10+ :

H2O 
.
n' X d-� [19]y/?�I8"!:_� n = 2, 3, 4 x{(�*


f 22 EBIT-II '��#uF 
Z ' Ne IX ' K f℄Wd� (�-) [86]s�!��/ Ne10+<�X Ne (76![w�Sn(
~/%Æg��&�% Häberli +I (Z/) [81] ; Wegmann +I
(�y/) [82] Xk(NL X f/
P(
>�3


23 �%~#^�&LJ X 
,aN&�;�1-' [81,82] � Häberli )H [81] � - 2p → 1s P"&j
�
Wegmann )H [82] aK|-54�Y9lT&℄vz&j
��|&�^�&q��aN�HvC2/z>vu�T��2&�;-'�B? Perez)H [87] v Kharchenko9 Dalgarno [88]Vh&aN�

ECR 9 EBIT Y��H`	-v�&NGJW[e 23 %$�|`%�{e%~#9&R&�vz�, n ≥ 30K n = 2 & K e\�,&'B-�y Lyβ )0K Lyα �,&'B-�q�	--B&.���-�k�|%B-� ECR Y�&%B-~- EBIT >
4'�q�%B-5v�&4T��gÆ)~vHAyh&v�9-6tj��&�-D)�H`&-B>K�69LJ0N	-H`&Ayh�84 (Oe 23) �e 23 �vu�9�1�;T-$s�S)#4N&�<TJ – \?}� (CTMC) [89] �q�℄YH:
v#n
�J;e\ (n) &*[�Q+
v#��&"=�
K�℄��1~A/�r#�Y�&4T3��+�v#%B-gÆ)6	-v�&vH�e 24 
v#LJ Linear & Chandra �Y� [90] �C|&LJ��{)# 6 [�,;T��z>�q 6 [,BH�����,�0Z�vu� X 
,VR��Y�bm#0��tv&LJ X 
,aN~z>�Y�T [91] (Oe 24 �&v,9~) �q��Tk6 EBIT-I ℄
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�f�<�i������� 23 X�& XRS �2& K e\ X 
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Laboratory X-ray Astrophysics

LIANG Gui-yun, ZHAO Gang

(National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China)

Abstract: Laboratory astrophysics measurements are being conducted to address the needs of

X-ray astronomy. The measurements have produced large sets of reliable atomic data, including

ionization and recombination cross sections for charge balance calculations, line lists, excitation

cross sections, and dielectronic recombination rate for interpreting X-ray line formation as well.

Additional experiments focus on solving specific puzzles posed by astrophysical observations,

calibrating and developing new X-ray line diagnostics. In this paper, we discuss the types of data

produced and illustrate how the laboratory measurements support space missions such as ASCA,

Chandra, XMM, and ASTRO-E2.

Key words: astrophysics; X-ray; review; atomic data; line formation; spectral diagnostic; spec-
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