
JP0055449

Theoretical Study of Spectral Resolved Opacity in Plasmas

Jun Yan*1, Yi-Zhi Qu», and Jia-Ming Li*-8

1 * Center of Atomic and Molecular Sciences, Department of Physics,
Tsinghua University Beijing 100084, China
"Institute of Physics, Chinese Academy of Sciences P.O. Box 603-22, Beijing 100080, China

1 Introduction

The radiative properties of hot dense plasmas produced by laser irradiation play an
important role in studies of inertial confinement fusion(ICF) and X-ray lasers. They
are also used extensively to diagnose laser-produced plasmas. In recent years, with
the development of high precision diagnostic techniques[l], experimental measurements
can provide bench mark data to test the validity of LTE opacity codes. Theoretical
simulations for the absorption and emission spectra of laser-produced plasmas require
a huge number of atomic data. Using the detailed configuration accounting(DCA)
with the term structures treated by the unresolved transition array(UTA) model[2], we
present a method [3] to calculate the transmission spectra for high-power laser-produced
plasmas. Due to our fully relativistic treatment, incorporated with the quantum defect
theory to handle the huge number of transition arrays from many configurations with
high principal quantum number, we can calculate the opacities for any middle- and
high-Z plasmas with much less computational efforts. We also can conveniently identify
the dominant configurations and the detailed features of transition arrays, which are
very helpful for the diagnostic of the plasma conditions.

2 Theoretical Method

The fraction of incident radiation transmitted through the plasma is given by

(1)

where a(hu>) is the coefficient of absorption and can be written as[3]

hCa^(hu) (2)

where i indicates the ionic stage, N,x is the number of ions of configuration e per unit
volume, Ne is the number of electrons per unit volume, which can be calculated by solve
the Boltzmann-Saha equations[3] for the case of LTE plasmas and rate equations[4]
for the non-LTE case. a^(hu) is the free-free absorption cross section, which can be
calculated by the simple Kramers formula with Gaunt factor or exact numerical methods
with atomic self-consistant potentials[5]. abb ,(hu) is the photoexcitation cross section

from configuration c to c , cr/c(hui) is the total photoionization cross section from all
subshells of configuration c. <r̂  c, (huj) and cr^c(hu) can be calculated with different kinds
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of method[3]. According to QDT, the photoexcitation and photoionization processes
can be treated in an unified manner. The infinite bound and adjacent continuum states
with the same angular momentum and parity can form a channel. Within a channel,
the energy-normalized matrix element varies smoothly across the ionization threshold.
Therefore, with several benchmark points, the relevant transition matrix elements from
an initial state to the final channel can be obtained conveniently by interpolation.

3 Results and discussion

Based on the method described above, we have developed a computer code to calculate
opacity for middle- and high-Z plasmas. In order to test the accuracy of our method, we
calculate the transmission spectra of Ge plasma with kBT = 38eV and an ion density of
0.012<7/crn3[l]. The SCF energy levels database are use to investigate and produce all
important configurations included in the opacity calculation firstly. Figure 1 shows our
simulation results of the Ge transmission spectra, as well as the experimental measure-
ments and the numerical simulation of STA method[1] for comparision. Our theoretical
results are in general agreement with the experimental data and the simulation of STA.
We also trace out the originality of the transmission spectra structure, which are la-
belled in Fig. 1. Here it should be noticed that the self-consistant potential are used
in our calculation without any adjustment. Therefore, our method (DCA/UTA, the
atomic data calculated by self-consistant potential) can provide LTE opacity data with
adequate accuracy.
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Comparison of the transmission spectra for Ge. Solid line: present results
(DCA/UTA); dot-dashed line: STA resultsfl] ; dotted line: experimental data[l].
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