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Abstract. We present a first study of spectroscopic determination of electron temperature and
density spatial profiles of aluminum K-shell line emission spectra from laser-shocked aluminum
experiments performed at LULL. The radiation emitted by the aluminum plasma was dispersed with
an ultra-high resolution spectrograph (A /A4 = 6000). From the recorded films one can extract
a set of time-integrated emission lineouts associated with the corresponding spatial region of the
plasma. The observed spectra include the Lycr, Hef3, Hey, Ly and Lyy line emissions and their
associated He- and Li-like satellites thus covering a photon energy range from 1700 eV to 2400 eV
approximately. The data analysis rely on the ABAKO/RAPCAL computational package, which has
been recently developed at the University of Las Palmas de Gran Canaria and takes into account
non-equilibrium collisional-radiative atomic kinetics, Stark broadened line shapes and radiation
transport calculations.

Keywords: laser-shocked plasmas, X-ray measurements, opacities and emissivities, spectroscopic
diagnostics
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INTRODUCTION

An experimental study devoted to measure the opacity and emissivity of bound-bound
transitions in laser-schocked dense and hot aluminum plasma was carried out at the
LULI laser facility [1]. Theoretical investigations performed in parallel to these exper-
iments permitted to obtain opacity estimations for some He- and H-like Al transitions,
such as Ly 3, Hef8 and He?, for particular physical conditions. However, until now there
had been no spectroscopic analysis including all the recorded emission features simulta-
neously, nor systematic study of the spatial dependence of the physical conditions which
is observed in the experiments. Thus, in this work we present a first study of spectro-
scopic determination of electron temperature and density spatial profiles of aluminum
K-shell line emission spectra from those mentioned LULI experiments. The next section
describes the experimental set up and the details of the data analysis. In the last section
the main results are presented.
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EXPERIMENTAL SET UP AND DATA ANALYSIS

The experiments were carried out at LULI-Ecole Polytechnique on the nanosecond laser
facility. The neodymium laser chain provided a 600 ps Gaussian pulse with a maximum
energy of 80 J and a wavelength of 1.053 um. A 4» beam was focused onto a struc-
tured target, the 100 um focal spot yielded intensities as high as 2 x 10'* Wem =2, Then,
the 4w laser beam irradiates the edge of a three layered-foil (CH/AI/CH). The plastic is
entirely converted into plasma during the laser shot. This CH plasma ensures the alu-
minum plasma confinement. The laser-target interaction gives rise to a nick instead of a
crater and this was the key to ensure that the ultra-dense plasma was rigorously observed
transversely. In addition, this implementation produces automatically a progressive spa-
tial integration along the laser-target axis in the recorded film -see Fig. 1(left)-.

For the data analysis the computational package ABAKO/RAPCAL was used. This
package has been recently developed at the University of Las Palmas de Gran Canaria
and it is composed by two numerical codes. The first one named ABAKO [2] is a
collisional-radiative (CR) model that calculates atomic data and level populations for
steady state plasmas. The second code is called RAPCAL [3] and it carries out the
computation of radiative properties such as spectrally resolved and mean emissivities
and opacities, intensities and radiative power losses. ABAKO/RAPCAL assembles a set
of simple analytical models which yield substantial savings of computer resources, but
yet still providing good comparisons with more elaborated codes and experimental data.

For this particular application, we used ABAKO/RAPCAL to compute a database of
emergent intensities in the photon energy range from 1700 to 2400 eV over a 20x20
grid of clectron temperatures 7, and densities #, in the domain of interest, i.e. 300-
500 eV and 10?'-10%* cm—3. For these calculations an optically 80 gm-thick aluminum
plasma was assumed, which matches with the thickness of the aluminum layer of the
target for the case analysed here. To satisfy the required accuracy in the atomic data,
we took them from FAC [4], following a relativistic detailed-configuration-accounting
approach. We used a semiempirical formula for estimation of Stark widths [5]. Natural,
Stark and Doppler broadenings were taken into account in the context of Voigt line
profiles. Complete redistribution was assumed and line overlapping considered. Finally,
the extraction of 7, and n, for a given spectral lineout is performed by searching in the
database the synthetic spectrum that yields the best fit to the data in the sense of a least-
square minimization. An example is given in the Fig. 1 (right). A systematic application
of this procedure to each of the lineouts in the recorded film results in a spatial profile
of 7, and n,.

RESULTS

According to the analysis described above, in the Fig. 2 we show the inferred elec-
tron temperature and density spatial profiles. As we could expected the density peaks at
points near the target. The average temperature is about 430 ¢V, showing some oscilla-
tions in a 50 eV-width interval. This is because we have analysed only the first 65 ym
of the plasma and we should expect temperature to drop at points far from the target.
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FIGURE 1. On the left several extracted experimental lineouts are represented. The spatial integration
along target-laser axis (z-axis) given by the experimental set up can be observed, since each lineout yields
below the following one. On the right we show an ABAKO/RAPCAL best fit for an aluminum K-shell
emission spectrum. The analysis gives 1, = 1.198 x 1022 ¢ and 7, = 396 €V
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FIGURE 2. Extracted spatial profiles of temperature (left) and density (right). The z-axis represents the
target-laser axis and it grows in the same direction. For clarity in the interpretation smoothing polynomials
have been added over the point-by-point diagnostic values.
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