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Abstract

We report on spectral line broadening analysis of Ar K-shell lines from argon-doped implosion cores
driven by a dynamic hohlraum z-pinch. The observed Ar spectra include emissions from the resonance
series in H- and He-like Ar ions, i.e., Ly, Lyf and Lyy, and Hewa, Hef3, Hey and He/ lines, respectively. The
analysis accounts for opacity and Stark broadening to determine electron density, N, and areal-density,
NAR, values for the ground state populations of H- and He-like Ar ions. Furthermore, these results are
combined with the ratio of H- and He-like ground state populations to extract the electron temperature, 7.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

In experiments performed at the Z facility of Sandia National Laboratories (SNL) deuterium-
filled, argon-doped plastic shells were driven by the radiation from z-pinch dynamic hohlraums
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[1-5]. Tracer amounts of argon were added to the gas fill for diagnostic purposes. At the collapse
of the implosion, time- and space-resolved argon K-shell spectra were recorded. The observed
argon spectra show emissions from the Lyo (1s “S—2p °P), Lyp (Is *S=3p *P) and Lyy (Is *S—4p
?P), and Heux (1s? 'S—1s2p 'P), Hep (1s> 'S—1s3p 'P), Hey (1s> 'S—1s4p 'P) and Hed (1s> 'S—1s5p
'P) line transitions in H- and He-like Ar ions, respectively, and their associated He- and Li-like
satellite lines. We focus on line broadening analysis of the resonance lines and apply it to time-
resolved, space-integrated data. This analysis is done within the scope of a uniform model
approximation and thus the extracted plasma conditions represent spatial averages inside the
core. The analysis relies on the fact that at the plasma conditions of these implosion cores
broadening due to Stark, predominantly N. dependent, and opacity, predominantly NAR
dependent, dominate the line shape, so that the broadening can be modeled by combinations of
Stark and opacity broadening. The correct combination can be determined by simultaneously
working with several members of the same line series (i.e., same lower state, different upper states)
since only a restricted set of plasma conditions can simultaneously fit the broadening of several
members of the same series [6]. In contrast to previous applications of line broadening analysis
[6-8], here, we work with the a, f and y lines of both the Lyman and He-like line series of Ar, and
use an opacity broadening function for the case of a uniform absorbing and emitting spherical
plasma source based on an analytical integration of the intensity flux through the surface of a
sphere. The analysis yields N, values characteristic of the formation of Lyman and He-like series
of lines, and NAR values for the ground state populations of H- and He-like Ar ions. From the
NAR values, the optical depths of all lines used in the analysis can be computed. Furthermore,
these results combined with ionization balance calculations can be used to extract the electron
temperature, T, using the temperature sensitivity of the H-like Ar to He-like Ar ground state
population ratio. For the range of densities relevant to these implosion cores the N, dependence
of this ratio is weak thus making it useful as a temperature diagnostic. This paper is organized as
follows: in Section 2 we discuss the experiments, in Section 3 the analysis method is described, and
in Section 4 we present our results and conclusions.

2. Experiments

The experiments were performed at the Z facility of SNL. Double-nested tungsten wire-arrays
were driven with a pulsed 20 MA current to produce an imploding z-pinch plasma. A low density
foam cylinder was placed co-axially within the wire-arrays. The impact of the z-pinch plasma on
the foam cylinder launched a cylindrical shock in the foam whose radiation was trapped by the
optically thick walls of the tungsten plasma. This shock is the main radiation source of the
dynamic hohlraum cavity formed by the imploding z-pinch plasma [1,2]. Embedded at the center
of the foam cylinder is the gas-filled plastic capsule. It undergoes implosion driven by the X-rays
of the dynamic hohlraum. The capsules of these experiments absorbed up to 20kJ of X-rays. At
the collapse of the implosion, argon X-ray line emission and nuclear fusion reaction neutrons
produced in the core were recorded [3.4].

X-ray line emission spectra from the core were recorded with a resolution power A/AZ of 1000
using the TREX elliptical crystal spectrometer [5]. Fig. 1 shows the time-resolved (gated) space-
integrated argon line spectrum recorded at Z during the time of brightest argon emission,
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