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ICF S�ÔnïÄ¥,«l�� X��Ì�ä�{´íÿS�Ø §Ý!�Ý±9-�·ÜG��k��{.

�éÙ¥��²ïÔnL§, ï�
�Û�9Ä²ï (non-LTE) e��Ì�Ñ$§S Alpha. §S±Ë�6NO�
�Ñ�§Ý!�Ý�þ�Ñ\^�, ¦)[�|� (DCA) �.e��fÄåÆ�§ÚË�Ñ$�§, gU�ÑÌ�
Øß²Ý, Ú¤�¡þ� X��Ì©Ù.

|^T§S, �[
 1 II C�þ�� Ar q�S�«l�� X��Ì�ä¢�, ïÄ(JL², Ì��gáÂ
�AK�u�� X��Ì�rÝÚ/G, Ì��°ÝégáÂ�A�rf�kK�. Ïd, 3é X��Ì�ê��
[¥AT�ÄgáÂ�A. ,	, � LTE Cqe�u�Ì�'�L², LTE Cqe, �lfN>lÝ� ∼1, u�Ì�
/G� non-LTE �(JØÓ, � LTE Cqe, Ì��rÝ' non-LTE �Ì�rÝ� 5—10 �, æ^ LTE Cq´ØÜ
·�.

'�c: S�Ôn,«l���ä, non-LTE Ì�Ñ$, [�|��. (DCA)

PACS: 52.25.Os, 32.70.Jz, 52.65.–y, 52.70.La

1 Ú ó

3-1àCS�ÔnïÄ¥, Ï~3q�¥�
\Ü·��fSêÚÜ·'~�«l��, ÏLé
«l��u�� X��Ì©Û, �ä-��§Ý!
�Ý!-�«/G±9S.¡�·Ü� [1−8]. X�
��ä�1Ì©ÛÏ~kü«�{, Ù�´�ü�
{ [13], d¢�¤��r'ÚÌ�°Ýíä-��
§Ý!�Ý; Ù�´���{ [14−21], =ê��[
2y X��¤�L§, dË�6NåÆ§S�Ñq
¥S�G�©Ù, ±ù
þ�Ñ\^�, O���
¤�¡þ�1r©Ù. ��«�{�±?1¢��
O, ÏL�¢��é'©Û, ïÄÙ¥�ÔnL§
Ú�Ø6N�[§S. �©�9��{áu�ö.

3S�q�ù��p§p�Ý�lfN¥,

Ì��Ì�\°Ån´ Stark Ð°, Ù°Ý�'
u N

2/3
e , Ù¥ Ne �>f�Ý, 
é>f§ÝØ¯

a, Ïd, |^15�� He β �Ú Ly β ��°Ý
�±�íq�-��lfN�²þ Ne, |^ùü
���rÝ', �í-��>f§Ý Te. 3-�
S� Ar, 3-�S.¡æ Ti, ÏLÿþ Ti Ly-α �
� Ar He-β ½ He-α �rÝ', �±�í-�S.
¡�·Ü [5,6,22]. 3ùa¢�¥, S�q��lf
N´ lÛ�9Ä²ï (non-LTE) � [3−5], I�¦
)£ã�lfNâfÙØ�ÄåÆ�§. He β �
Ú Ly β ��1ÆþÝØ� 1, §�éu�� X��
Ì��K�é�, �´ K-α ��1ÆþÝ ∼10, �
15þ�, ù
15þ��3�lfN¥�gáÂ
é X��Ì�rÝÚ/Gk��K�, Ïd, I�
ÍÜ¦)U?ÙØ�ÄåÆ�§ÚÌ��Ë�Ñ
$�§ [15−22]. o�, ��[Ú)º�lfN� X

��Ì©Ùù��°��ä, I� non-LTE �![
�|��f�.e, gU/�ÄÌ�gáÂK��
��óä.
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.æ^[�|��. (DCA), lfa.Ú�Ä�U
?ê8�À�!I�O�Ñ$�Ì��À��Ñ
´I�?1�þ[�/ïÄ, Ì��Ñ$XÛ¢y
éªÇÚáN��¦Ú, XÛ�ÄÌ���.9õ
ÊVª£�, �I�nÜ�Ä, ,��¡,Ñ$�§
Ú�Ç�§�?1S�¦), ã��O�þ�´(
J��. �fÄåÆ§S Alpha æ^[�|��f
�., O�U?âfÙØÚÌ��u��áÂXê.

�� X��-1ïÄ�X�§S��Ü©, �¢�
ÎÜ�Ð [25−27]. ·�?�Ú�õ
 Alpha �õU,

3§S¥O\
Ì�Ñ$�¬, ÏLÍÜ¦)�Ç
�§ÚË�Ñ$�§5�ÄÌ��gáÂ�A, �
©éÙ{ü0�.

2005 c, 3 1 II C�þ?1
m�°ÄS
�¢�, q�-�¥�\
� 1%�f'��, ^ X

��Ì©Û�ä
-�«§ÝÚ�Ý [9−12]. ��
3©ÛS�q�«l�� X ��Ìêâ� [9−12],

duvkù��� non-LTE �!�ÄgáÂK
��ê��[óä, æ^
15�b�. �,©
z [11,12] �	
 LTE � non-LTE ed¢�ÿþ�
Ì©Ùíä��lfN§Ý!�Ý��O, �´¿
vk��[��Ì©Ù�'�, ,	, q�-��
�lfNG���m©Ù´Øþ!�, I�?1
Ì�Ñ$�O�. �©|^ Alpha §SïÄ
 1
/þ�S�q�«l�� Ar u1� X��Ì, �
	 LTE Ú non-LTE �.kõ��O, ïÄ
15þ
� K-α ��gáÂé X��Ì�K�, ±9Ì�
Ð°égáÂrf�K�, e¡ò©O��0�.

2 Ì�Ñ$�O�

� f Ä å Æ § S Alpha æ ^ [ � | � �
. (DCA), �±�Äl�f�àØ¤k>lÝ�
lf, ¤klfU?Q�±��æ^Ìþfê (n)

�g, ��±æ^·Ü�f�., =3�) X��
Ì��U?NC, æ^[�U?�g (nlj), Ù¦l
fU?æ^Ìþfê�g. ��±�¹�
V>f
-u�, =Ä���	�-uü�>f!Ä���
	�Úg	��-u��>f9Ä��g	��
-u��>f/¤�V-u�.

�Ä��fÔnL§Ì�k>f-E-u!
>f-E>l!g>l9§��_L§, �1|©
Ù�'�L§k1>lÚ1>EÜ!1�É-u

�!É-áÂ±9guË�, e�r�1|�'�
L§�Ñ5, K£ãâfU?ÙØ��Ç�§�

dPn

dt
= −AmnPn + (BnmPm − BmnPn)

4π

c
J̄mn

−
∑

j

(α(i+1,i)ν
j,n + β

(i−1,i)ν
j,n )Pn

+
∑

j

(α(i,i−1)ν
n,j + β

(i,i+)ν
n,j )Pj

+
∑

k

An,kPk, (1)

þª¥, cü�´�åPU?�m�[k'�L
§, 1n!1o�´1>L§��z, ����´
Ù¦�>f-EL§ÚV-u�g>l�EÜk
'�L§. Ù¥ Pn � n U?âfê�Ý, α

(i+1,i)ν
j,n

Ú β
(i,i+1)ν
n,j ©O� Pn U?1>lÚ1>EÜ�

Ç, Amn, Bmn, Bnm ©O�OÏd"guË�X
ê!É-Ë�XêÚÉ-áÂXê. J̄mn �éªÇ
ÚáN�²þ�Ì�rÝ

J̄mn =
1
4π

∮
dΩ

∫ ∞

0

dνϕ (ν, νmn)I(x, t; ~n, ν),

(2)

Φ(ν, νmn) ��/¼ê, I(x, t;Ω, ν) �,�DÂ�
� Ω þ t��, �m x ?ªÇ� ν �Ì�rÝ, ÷
vË�Ñ$�§, é¢�¿�)��ºÝ�lfN,

�Ñé�m�¦��
dI(x, t;Ω, ν)

dτν
= S(x, t;Ω, ν) − I(x, t;Ω, ν), (3)

Ù ¥ S(x, t,Ω, ν) � 
 ¼ê, � â f Ù Ø k ',

τν =
∫ s

s0
χ(s′, ν)ds′ �DÂ�� Ω þ s :Ú s0

:�m�1ÆþÝ, χ(s′, ν) �áÂXê. eb�

¼ê3��SØC, KéÙþ?¿�m.�JF©
: j ?Ì�rÝ�

Ij,ν = Ij−1,νe−(τj,ν−τj−1.ν)

+Sj,ν

(
1 − e−(τj,ν−τj−1.ν)

)
. (4)

éu��¥AÛ, 1�DÂ��Uì6Nå
Æ§S��m.�KF©:²1y©, Xã 1 ¤
«. ã¥�Ñ
²L1 j Ú1 j − 1 ��m.�
KF©:þ�ü�1�, éu�»� R �¥¡
þ?¿�:, ùü�1��{����Y�©O
´ θj Ú θj−1, Ïd (2)ªéáN��¦Ú�¤lÑ
�ª�

J̄mn(r) =
1
2

∑
j

∑
ν

I(r, t;µj , ν)ϕν,νmn∆µj∆ν,

(5)
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Ù¥ µj = cos θj .

��S�L§�, �½Ð© J̄ , )�§ (1), �Ñ
áÂ�u�Xê, ,�éõ�ªÇ÷õ���¦)
�§ (4), ��ØÓªÇØÓ���Ì�rÝ, ,�
O� (5)ª, ��²þrÝ, �\�§ (1) ��#�
âfÙØ, eügS����âfU?ÙØ�Ø�
�u,��½�KS�Âñ, ÄK?\e�Ì�.

ã 1 1�y©«¿ã (Uì6NåÆ.ª©:²1y©, ã
¥�Ñ
²L1 j Ú1 j − 1 �.ª:þ�ü�1�, éu
�»� R �¥¡þ�:, ùü�1��{��Y�©O� θj

Ú θj−1)

q�S�-��Ø �p§p�Ý�, Ì��
Ì�Ð°Ånkü«, �«´duË�N�9$
ÄÚå�õÊVÐ°, ,�«´duË�N3�
C�>âf�)�ÛÜ>|¥u) Stark �A, ¿
ÚåÌ�Ð°. °(� Stark Ð°I�æ^E,�
ê��[§SO�, 8c Alpha 6�æ^a�Cq
e Stark Ð°�)Ûúª [28].

3  1 II C�S��,«l�ä¢
��[

|^uÐ� Alpha §S, O�
 1 II C�m
�°ÄS�q�«l�� X ��Ì�ä¢�. ¢
�|^ 1 ns, Uþ� 2 kJ �n�ª-1, 5\�Ý
� 1350 µm, �»� 800 µm �çn�) X��, Ë
�°Ä�»� 150 µm ���q¥. q���oþ
Ý� 15 µm, S¿Ð©�Ý� 1.5 mg/cm3 � D2 -
�. Ë�°Ä¸�§Ý� 160 eV,«l�� Ar ��
fz©' 1%.

��Ë�6NåÆ§S RDMG �[O�S�
Ø L§, �Ñ�����lfNG�, §S Alpha

±ù
G��Ñ\þ, O��fÄåÆL§, �Ñ
«l���u��áÂXê, O���¤�¡þ�

u�Ì©Ù. Alpha §S3�fÄåÆO�¥lf
U?�Ä�Ìþfê�g. duÓ�Ìþfêe�
�[�U?�mU?��, p�Ý�lfN¥, é
N´ÏL>f-E��²ï, b½a±Úa�lf
ü-u�Ó�Ìþfêe���[�U?m÷v
Û�9Ä²ï.

Äkw�e LTE � non-LTE ��O, ã 2 �Ñ

 LTE Ú non-LTE ü«�¹e, X ��u�¸�
�� (t = 2.168 ns) ¤�¡þ»� 6 µm ?�Ì�
rÝ©Ù, ã¥ non-LTE �Ì�rÝ´¦± 5 �(
J. �±w�, du3 LTE Cqe, -u�âfÙØ
p, LTE Cqe�Ì�rÝ' non-LTE �Ì�rÝ
� 5—10 �. ,	, 3 LTE Cqe, ��¸��é
'X�ØÓ, = Ly-α ��r, Ùg´ He-α, a�l
f�)�Ì�'a±lf�Ì�r, 
3 non-LTE

e, �r�´ He-α �, Ùg´ Ly-α, a±lf�)
�Ì�rua�lf�Ì�, �Ï´� non-LTE �
', LTE Cqe�lfN>lÝ� ∼1, d�®²>
l�a�lfÓ`�G�
.

ã 2 u�¸���, ¤�¡þ»�,:Ì©Ù, LTE (»ò�),

non-LTE (¢�) �� 5 �

ã 3(a) �Ñ X��u1¸���é�mÈ©
�Ì©Ù (J�), ã 3(b) �Ñ 1 II C�þÿ�
� Ar �Ì©Ù [9]. ¢�ÿþ�Ì��r�´ He-

α �, Ùg´ Ly-α �, ,�´ He-β Ú Ly-β �, ù
� Alpha �ê��[´���. ê��[��
� Ly-β �� He-β �rÝ' ∼0.59, q�-�S²
þ>f§Ý ∼910 eV,¢��Ñ�ü���rÝ'
� 0.18 ± 0.05, �â©zíä���>f§Ý�
� 950 ± 100 eV. Alpha �Ñ�ùü���rÝ'
�¢��½þ'��k�½�å.
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ã 3 (a)ê��[u1¸��� Ar �Ì, k (J�)!Ã (¢�)

gáÂü«�¹; (b) 1 II C�þ Ar Ì�©Ù

ã 4 X��¸���a±lfÚa�lfÌ��[�Ì��
Àu�°���m©Ù, î�I��m.�JF��Ò

XJØ�ÄgáÂ, =b�15�, Ì�u�
�á=�<º, Ì��rÝþk¤ü$, Ly-β �
� He-β �rÝ' ∼0.49, ��ÄgáÂ��¹�
', ùü���rÝ'�keü, �Cz¿Ø²
w. Ì��Ï´, 38c�¢�^�e, 3 X ��
u��¸���, �lfN¥�� Te∼14 MK, �
� Ne∼9.3×1023 cm−3, Ar �lfN>lÝ� 16

� 17 �m, a±Úa�lfÓ`, Ek�þa�
lf, gáÂ�A¦�-u�âfÙØO\, �l

fNqÏLù
-u�
>l. Ïd, �ÄgáÂ
�A�, Ar �lfN>l\¯, a±lfÚa�l
f-u�U?ÙØþO\, l
u�� X ��Ì
�rÝO\. éua±Úa�lf, �k He-α �
Ú Ly-α �´15þ�, Ù¦�þ�15��, X
ã 4 ¤«. 15þ� K-α ��gáÂÄk¦��
[�þU?âfÙØO\, Ïd, K-α ��rÝþ
²wOr. Ì��°Ý�¬K�gáÂ�A�rf,

Ì�� Stark °Ý�O(O�I��~E,�ê�
�[§S [28], |^)ÛúªO�
 He-β � Ly-β

�Ì�°Ý, ¿�©z [29] ¥O��(J�
'�,

Xã 5 ¤«, uy)Ûúª�(J p (ã 5 ¥�
Ñ�ùã�Ý��S, ©z [29] ¥ He-β ��°Ý
� Ly-β ��°Ý�~�C). �d, ·�|^\°�
õÊV�.?1
O�, Ì�°Ý©Oæ^ 10∆νD

Ú 2∆νD, ã 6´u1�¸����mÈ©�Ì�
©Ù. �±w�, æ^ØÓ�Ì�°ÝégáÂr
f�K�ØÓ.

ã 5 Ar � He-β (çÚ) Ú Ly-β � (ùÚ) � Stark °Ý�>
f�Ý�Cz,¢%�êâ5g©z [29]. )Ûúªêâ^(/
L«

ã 6 \°�õÊV�.�[��u1¸��� Ar �Ì,

10∆νD (¢�)!2∆νD (J�) ü«�¹
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4 (Ø�?Ø

ï�
�Û�9Ä²ï (non-LTE) e��Ì
�Ñ$§S Alpha §S, ±Ë�6NO��Ñ�§
Ý!�Ý�þ�Ñ\^�, ÍÜ¦)�Ç�§ÚÌ
�Ñ$�§, Alpha U
�Ð/£ãgáÂ�Aé
âfU?ÙØ�K�, �Ñ X���u��áÂX
ê, ±9¤�¡þ� X��Ì©Ù.

�[
 1 II C�þq�-�¥ Ar«l��
� X��Ì. �	
 non-LTE � LTE ��O, é�
lfNG��©ÛL², � non-LTE �', LTE «
l�� Ar �lfN�>lÝ� ∼1, 3u1¸��
�, a�âf�)�Ì�rua±âf�)�Ì�,

du LTE Cqe, -u�U?ÙØp, LTE Cqe
�Ì�rÝr' non-LTE e�Ì�rÝr 5—10

�, Ïdæ^ LTE Cq�´ØÜ·�. ïÄ
gá
Â�Aé«l��u1�Ì�rÝÚ/G�K�,

L²é«l�� X��Ì��[¥AT�ÄÌ�
gáÂ�K�.

�©­:�	�´du�f�.��É±9
gáÂ�Aé«l�� X��Ì�K�, æ^Ì�
Ñ$��{O(O�Ì��gáÂ�A, XJU

æ^<ºVÇCq, Kò��~�O�þ, Ïd, �
Y�ó�ò�<ºVÇCq?1é'ïÄ, �	<
ºVÇCq�·^5. du�©æ^��f�.�
Ìþfê�g, ��Ä
a±Úa�lfÌþfê
��� 4 �ü-u�[�U?�m��[, Ã{�
NÌ��[!, ~X He-β �����. ,	, ��
Uk�
�fÏ�vk�Ä, 
ù
�fÏ���
U¬K�Ù¦U?�ÙØ. Ïd, ���°��ê
��[, I�æ^�\[���f�.Úëê, ±
9°(/O�Ì�� Stark Ð°, âU�¢�(J
?1½þ'é, 
���¢�½þÎÜ, ò´û�

q"�ó�, ù�´·�Ø�ãå�8I.
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Abstract

X-ray spectrum of tracer in ICF implosion target is usually used to infer electron temperature, density and mix of fuel. As the

plasma in fuel is in non-local thermodynamic equilibrium (non-LTE), a line transfer code Alpha is developed. Taking the electron

temperature and density provided by radiation hydrodynamic as input condition, atomic kinetics and radiation transfer equation are

self-consistently solved with the detailed configuration atom (DCA) model. The opacity for specified frequency intervals is obtained,

and X-ray spectrum in the image plane is also presented.

As application of Alpha program, the spectrum of doped Ar in implosion target on SG II laser facility is simulated. The effect

of self-absorption of K α line is studied. And it is shown that self-absorption of K α line affects both the intensity and shape of the

spectrum, and it should be considered in simulating X-ray spectrum of Ar. And as the spectrum of local thermodynamic equilibrium

(LTE) simulation gives large intensity and different shapes compared with the non-LTE results, non-LTE simulation is necessary in

such a simulation.
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