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Emission spectroscopy is a powerful optical diagnostics tool which has been largely 

used in studying and monitoring various industrial, laboratory and natural plasmas. As these 
plasmas are rarely in Local Thermodynamic Equilibrium (LTE) a prerequisite of satisfactory 
evaluation of the plasma electron density ne and temperature Te is the existence of a detailed 
Collisionnal-Radiative (C-R) model taking into account the main physical processes 
influencing the plasma state and dynamics of its main constituents1. The theoretical spectra 
which such a model generates match the experimental ones whenever the experimental values 
of ne and Te are introduced. In practice, in validating such models, discrepancies are observed 
which often are due to the atomic data included in the C-R model. In generating theoretical 
spectra pertaining to each atom(ion) multiplet, the most sensible atomic data are the relevant 
transition probabilities Aj

�
i and electron collision excitation cross sections σi

�
j. We note that 

the latter are actually poorly known, especially for low ionization stages and near the 
excitation threshold. We address here the evaluation of the former, especially of the Aj

�
i of 

the Ar2+ ion responsible for the Ar III spectra and of those of the Xe2+ ion which are evaluated 
in an analogous way. Extensive studies of the Ar III and Xe III spectra exist, but the present 
status of Aj

�
i cannot be considered sufficient for the generation of the theoretical spectra even 

of the most prominent visible lines coming from the Ar III multiplets 4s - 4p, 5p 
(corresponding to the well known “red” and “blue” lines of Ar I) 4p – 4d, 5d and 3p - 4s, 5s  
(resonant) and the analogous Xe III multiplets (which have principal quantum numbers 
increased by two). Due to the gap observed in the Grotrian diagrams, the resonant lines 
which, together with the important metastable ones, belong to the 3p - 4s, 5s multiplets, (5p - 
6s, 7s for Xe III), give spectra in the UV region. On the other hand, multiplets corresponding 
to close-lying terms, result in lines located in the infrared region. 

Experimental evaluation of the Aj
�

i needed for the C-R models is clearly too wide a 
task, therefore experiments are mostly reserved for benchmark purposes. Consequently, 
various theoretical methods have been developed, of which we are here using the quasi-
classical Coulomb approximation (CbA) and two ab initio quantum methods (i) The package 
developed at University College (UCL) by Eissner and collaborators (SST) based in a non-
relativistic Hamiltonian using orbitals calculated in scaled Thomas-Fermi-Dirac-Amaldi 
(TFDA) potentials and (ii) an extension of the H-F RCG Mod 4 program of Cowan given in 
the LANL codes available through Internet (http://aphysics2.lanl.gov/tempweb/). 

Whenever the CbA method uses experimental values for the energy levels, the Aj
�

i 
obtained are very satisfactory, but of course restricted only to transitions allowed in the 
coupling scheme chosen, that is often LS or jK. The ab initio methods are able to evaluate 
forbidden Aj �i in a LSJ scheme, a wide scheme of intermediate coupling. Comparison of the 
results of our CbA, LANL and SST calculations for the 4s – 4p multiplet of Ar III has been 
given elsewhere2. Here our Aj

�
i results for the 4s – 5p and 4p – 4d Ar III and 6s – 6p Xe III 

multiplets are presented, and also discussed  and compared with the existing data. 
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