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Abstract. This work describes ABAKO/RAPCAL, a flexible computational package for the study 
of population kinetics and radiative properties of non-equilibrium plasmas in a wide range of phys
ical conditions. The code was developed looking for an optimal compromise between accuracy and 
computational cost. ABAKO/RAPCAL assembles a set of simple analytical models which yield 
substantial savings of computer resources, but yet still providing good comparisons with more elab
orated codes and experimental data. Here we present some results to show the ABAKO/RAPCAL 
capabilities to calculate the charge distribution and radiative properties of both low- and high-Z 
plasmas. Finally, an application for K-shell spectroscopic determination of the electron temperature 
and density of laser-produced plasmas is also shown. 

Keywords: plasma atomic physics, NLTE plasmas, collisional-radiative, population distribution, 
radiative properties, spectroscopic diagnostics 
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INTRODUCTION 

ABAKO/RAPCAL is a computational package composed by two numerical codes that 
has been recently developed at the University of Las Palmas de Gran Canaria. The first 
one named ABAKO [1] is a colhsional-radiative (CR) model that calculates atomic data 
and level populations for steady state plasmas. The second code is called RAPCAL [2] 
and it carries out the computation of radiative properties such as spectrally resolved 
and mean emissivities and opacities, intensities and radiative power losses. A remark
able characteristic of ABAKO/RAPCAL is its versatility. It can be applied to low-to-
high Z ions under a wide range of plasma conditions: coronal, local-thermodynamic-
equilibrium (LTE) or non-equilibrium (NLTE), optically thin or thick plasmas. More
over, during the development of the computational package a special care was taken 
to achieve an optimal equilibrium between accuracy and computational cost. Next sec
tion describes the main features of ABAKO/RAPCAL. In the last section some relevant 
results are commented. 
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ABAKO/RAPCAL FEATURES 

ABAKO has a built-in atomic model to obtain all the data required for the determina
tion of the level populations. This atomic model is framed into the relativistic detailed-
configuration-accounting approach and based on the use of analytical potentials devel
oped by our group in several previous works [1]. It allows fast and accurate calculations 
of coarse magnitudes such as plasma average ionization and ion abundances. How
ever, when a high accuracy is desired, more detailed atomic stmcture from databases 
or computational codes can be used. In particular, ABAKO has used atomic data pro
vided by FAC code [3] in a detailed-level-accounting approach. Once the atomic data 
are available, ABAKO builds the CR matrix in which the following atomic processes 
are considered: spontaneous decay, collisional excitation and deexcitation, radiative re
combination, colhsional ionization and three-body recombination, electron capture and 
autoionization. The rate coefficients of the atomic processes are obtained using well-
known semiempirical analytical formulas. ABAKO uses an iterative method to carry out 
the inversion of the CR matrix. Furthermore, optically thick plasmas can be modeled. 
The escape factor formahsm for basic geometries is used to take into account the bound-
bound opacity effects. For its part, RAPCAL computes spectrally resolved and mean 
opacities and emissivites, intensities, source functions and radiative power losses for op
tically thin and thick plasmas under LTE and NLTE conditions. Complete redistribution 
is assumed. A Voigt profile including natural, Doppler and electron-collisional broaden-
ings is considered. The bound-bound spectra are obtained in the dipole approximation. 
The bound-free spectra can be obtained using the Kramer's formula for the cross section 
or by means of the distorted wave approach. The free-free spectra are calculated using 
the Kramer's approach and scattering Thomson is also considered. 

RESULTS 

A rigorous verification and validation procedure was carried out to assure the reliability 
of the ABAKO/RAPCAL results. The first stage was a study of internal consistency to 
check that ABAKO effectively converges to the Corona and LTE results in the opposite 
limits of low and high electron density, respectively [4]. In a second stage we compared 
the ABAKO results with other CR codes developed by diverse research groups in the 
atomic plasma physics community. The comparisons mainly came from computational 
tests proposed in the NLTE-3 and NLTE-4 workshops [5, 6] for different elements 
over a wide range of physical conditions. An example for the NLTE-4 carbon test case 
can be found in [1]. On the other hand, RAPCAL has been used to compute carbon 
emissivities, Rosseland and Planck mean opacities of carbon and aluminum for low 
and intermediate densities, as well as radiative power losses of krypton at low densities 
and several temperatures. Satisfactory comparisons were obtained in all these cases [2]. 
An example of comparison for an experimental aluminum transmission is shown in 
Fig. 1 (left). Additionally, good agreements with experimental data have been found in 
population calculations of higher-Z elements. ForaXe gasjetat«,o„ = 4.75 x 10^^ cm^^ 
and re_= 415 eV [7], the measured average ionization was 27.4 ± 1.5, while ABAKO 
gives Z = 26.6. For a Au EBIT experiment with «e = 10^^ cm^^ and Te = 2500 eV [8], 
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FIGURE 1. On the left it is shown the comparison of the experimental aluminum transmission 
spectrum (black solid) with OPAL (dotted) and RAPCAL (gray solid) [2]. On the right we show the 
ABAKO/RAPCAL best fit for an argon K-shell emission spectrum recorded in an implosion experiment 
performed at OMEGA [10]. The analysis gives «^ = 1.174 x lO^" cm-^ and T^ = 1526 eV. 

the measurement was Z = 46.8 ± 0.75 and ABAKO gives Z = 47.2. Also for published 
Au data from foil with ŵ  = 6 x lO^" cm-^, Te = 2200 eV and Z = 49.3 ± 0.5 [9], the 
ABAKO resuh is Z = 49.2. In addition, ABAKO/RAPCAL has been recently applied 
for the spectrospic determination of the electron density and temperature [10, 11]. An 
example is given in Fig. 1 (right). 
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