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Experimental tests of high-energy-density atomic physics models require samples of matter to

be generated under well-controlled, extreme temperature and density conditions. High-intensity,

short-pulse lasers nowadays stand as the most efficient tools for this purpose [1]. To interpret

spectroscopic data, a common procedure is to post-process the results of particle-in-cell (PIC)

kinetic simulations – which describe the laser-plasma interaction, fast-electron transport and

early-time ion dynamics – with atomic physics calculations [2].

To improve their predictive capability, PIC simulations should self-consistently treat a vari-

ety of atomic processes, which has lately motivated a number of developments worldwide [3].

Such is also the case for the CALDER code developed at CEA, which now features a suite of

atomic physics modules comprising: (i) A refined collisional ionization model, based on the

cross sections derived in [4] and taking account of the fine atomic structure; (ii) A comprehen-

sive description of de-excitation of single atomic vacancies, based on the emission probabilities

of photons and Auger electrons as tabulated in [5]; (iii) A three-body recombination model

based on the relativistic formalism proposed in [6]; (iv) Stewart & Pyatt’s model [7] for the

ionization potential depression; (v) A macro-particle merging scheme [8] to limit the increase

in the number of macro-particles caused by ionization.

We will detail the numerical implementation of the above processes into CALDER, and the

performed validation tests. CALDER will be shown to capture well the evolution of nonequilib-

rium plasmas as predicted by dedicated atomic physics codes [9]. Finally, we will examine the

respective effects of those processes in high-intensity laser-solid simulations.
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