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Abstract

Present status of the X-ray laser research in the recombining plasma scheme is reviewed. Additional
atomic processes involving doubly excited levels which are characterstic of low temperature dense plas-
mas are considered. The populations of doubly excited levels hanging below a level of a singly excited
ion can be assumed to be in LTE (Local Thermodynamics Equilibrium) with respect to the singly ex-
cited level population and the continuum electron density. The deexcitation from these levels may play
an important role in the population kinetics of singly excited ions. We included these processes in a
collisional-radiative (CR) calculation, and the calculated results were compared with experiments.
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ground state of the
He-like (Al 11+) ions

Doubly excited levels of the
Be-like (Al 9+) ions
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Deexcitation
= CR recombination of
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ground state of the &
Li-like (Al 10+) ions Deexcitation
Fig. 1 Schematic energy level diagram of the lithiumlike
aluminum ions and the doubly excited berylliumiike
ions.
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Fig. 2 The thin dotted line: the principal quantum number
of the lower limit of the LTE levels of the (3p?P,k).
The thick dotted line: direct deexcitation for the
3p2P— 2s%S. The thick solid line: DL deexcitation.
The thick chained line: the recombination rate
coefficient from an excited level. The direct deex-
citation, the DL deexcitation and recombination are
referred to the left hand side ordinate, and the
boundary levels are in the right hand side ordinate.
Te=5eV [10].
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Fig. 3 The excited level populations of several excited evels of lithiumlike alminium ions in the recombining plasma. (a)
Additional processes are not included. (b) Additional processes are included [10].
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Table 1
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Comparison of the experimental gain coefficient with our CR-model calculation.

CR-model calculation (Te = 8 eV)

Experiment . see
without additional ~ with additional
Rochester [5] LULI [6] RIKEN [7] processes processes
n, (m-3) 3.3 x1025 4.0 x1025
gain 3d-5f 3.5 (em™Y 1.63 (cmH) 1.5 (em) absorption 1.3 (em™)
gain 3d-4f 4.1 2.56 14 40 (em™) 6.5
gain3p-dd 45 1.38 13 18 1.9
X - axis Line focused laser light
A A =1.053 ym
x-ray CCD x-ray streak
camera slit Aperture Aperture camera
™ | plasma | ™ it '
| Al slab | /%
spectrometer | I'=0.5~2.0cm G spectrometer Ii
(0.5 nm -5 nm)
» Yy - axis

Fig. 4 The experimental set up.
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Fig. 5 Time-integrated spectrum taken by the grazing incidence spectrometer. (a) The thick chain line represents the back-
ground level we assume. The resonance and nd-2p,
spectively. The numbers put on these lines represent the upper level. (b) The spectrum around 3.2 ~ 2.8 nm. The
open circles are the experimental points, the dotted curves are the spectral lines, the thin chain curve is the recom-
bination continuum of the blending series, and the solid curve is the superposition of the spectral lines and the recom-

bination continuum.
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Fig. 6 Experimental and calculated excited level popula-
tions in Boltzmann plot. The closed triangles and
circles are the populations of the np levels and the
ns and nd levels combined, respectively. The open
circles and triangles are the resuit of the CR-model
with and without the additional atomic processes,
respectively.
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