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Abstract ,

The collisional radiative model of multiple-charged ions of high-Z elements is described. Characteristic
features of the level structure and atomic processes, and approximate methods to calculate ion abun-
dance and level populations are presented. In the development of an atomic model, a large number of
energy levels and collisional radiative rates are calculated using the atomic data codes. The usefulness
of the super configuration model in constructing a simpler atomic model is explained using the results
of a collisional radiative model for soft x-ray lasers
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Fig. 1 Level diagram of Ni-like Xe.
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Fig. 2 Fine structure levels of 3d94p configuration of a Ni-
like ion.
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Fig. 3 Block diagram of HULLAC atomic data code.
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energy [eV] Fig. 5 Calculated population of Ni-like and Cu-like Xe for
different electron densities, showing the population
Fig. 4 Distribution of excited configuration of a Ga-like ion. of the levels inside a configuration converges to
M corresponds to single electron excited states thermal equilibrium at lower density than the
from 3d°4s? core (3d°4s®n/). Bl corresponds to mul- population of the configuration becomes LTE with
tiple excited states within n = 4 shell 3d9(4l)3. respect to the ground state of the next ion stage.
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Fig. 6 Schematic diagram of energy level structure and
corresponding processes between Ni-like levels
and Cu-like double excited states.
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Fig. 7 Electron density and temperature dependence of soft x-ray gain in 3d°4d (372,3/2) J=0 to 3d94p (5672, 3/2) J=1 of Ni-
like Xe. The gain decreases 50% by the mixing between 3d°4/ configurations. Another 50% decrease is caused by the
dielectronic recombination of Ni-like ground state through doubly excited states of Cu-like Xe.

1143

NI | -El ectronic Library Service



7T AR - BEERE

BT 5L ERT.

Bz & XL —F—FBORKE SICk&E R EEE
52 Twn#ii, 3d%d & 3d%f B BT 5 a4
LXVOBDRE, Culkd F v o BETHERELE
R_ETHHEAETHL. BEBORRIZ, NifkA S
VORKREORE 2L — g VERPEE, Zhdd
DEFHEEFEIZ L o TEITERT S L —FF— L¥ERIT
5 3d%d (3/2, 3/ =0 LRV DKRE 2 L— g vk
bWAEEE7-DIC, ABOETHIBEEBIShEEE
Zbhb,

3.2.6 £&O

ZETRAA VOHRBHEFNVICEY, ZhETE
D BIEVIRE, BELRE, BEA L VErORLTIX
SHOREFEEDSLE TVBHFHLMCRY, S5, B
&, REWERTZE, XBRERR L E~OREPILD Y R’
RErEohs L Ehs.
ZDXIBRIBHDOIIL, FEFEERT— ¥ OFHE,
BFEFMVEBEIIBNT, A==y 74Fal—¥
GVEFNOELI)RHE LT A FTHERTHAL. LN
R BB RS % 3 _CEMICE D ] o Tk i <,
WEETELF R T T ALz CEPEE A
Wbl FBRTF— I EHB R TELAAr - v
FAZRBT L REETH S,

—F, WELRER BEEICHLTIAHhR, v
NEOERLTWE T I X<, WMWIETHREBICHS S
5 ATHDEFBERBIZONTIZE SICHANZLENLE

The Japan Society of Plasma Science and Nucl ear Fusion Research

HI5BELI0E

1144

19994£10 7

Th5b.
REOFEFHERLCHTERE -7 2EEL, Mz
) 720Icl, A=y ZBRELLT—y R—R L
DEENLBEEEZ bNA, 72, EFVOBENEE L
FA720101F, BEOMERE, WAWALRELTICH
BT IARIBILEBRBRLOUBIBEREICRLLE
Zohab, EEBAOBHADDIZIR, AT FVBRE
Ba—-FRe 79 ARORELFET L 79 I~ifitha—
F L HRBHETNORENVREIC L EELLNS.

ZEXH

[1] W.A. Lokke and W.H. Grasberger, Lawrence Liver-
more Laboratory Report No. UCRL-52276, 1977 (un-
published).

D.E. Post, RV. Jensen, CB. Tarter, W.H. Grasber-
ger and W.A. Lokke, At. Data Nucl. Data Tables 20,
397 (1977).

M. Itoh, T. Yabe and S. Kiyokawa, Phys. Rev. A 35,
233 (1987).

H. Takabe and T. Nishikawa, J. Quant. Spectrosc.
Radiat. Transf. 51, 379 (1994).

fEaA M, WERET, HSWEE HBEE, =H
F. L——Hf%% 27, 185 (1999).

R.D. Cowan, Theory of Atomic Structure and Spec-
tra (University of California Press, Berkeley, 1981).
LP. Grant, Comput. Phys. Commun. 5, 263 (1973).

M. Klapisch and A. Bar-Shalom, J. Quant. Spectrosc.
Radiat. Transf. 58, 687 (1997).

A. Bar-Shalom, ]J. Oreg and M. Klapisch, Phys. Rev.
E 56, R70 (1997).

(2]

[3]

[4]

[5]

[6]

(7]
(8]

[9]

NI | -El ectronic Library Service



