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Modification of K-line emission profiles in laser-created solid-density plasmas 
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X-ray emissions in the keV energy range have shown to be suitable radiation to investigate the properties 
of laser-created solid-density plasmas [1, 2], We use the modifications of inner shell transitions due to the 
environment to characterize these plasmas. 
A theoretical treatment of spectral line profiles based on a self-consistent ion sphere model is applied on 
moderately ionized mid-Z materials, such as titanium, silicon and chlorine. 
We observe large contributions of satellite transitions due to M-shell ionization and excitation. To determine the 
composition a mixture of various excited and ionized ionic states embedded in a plasma has to be considered. 
Plasma polarization effects that cause shifts of the emission and ionization energies are taken into account. 
K-line profiles are calculated for bulk temperatures up to 100 eV and free electron densities up to 1024 cm 3 in 
order to analyze recent measurements with respect to the plasma parameters of electron heated target regions. 
Moreover, in high-intensity laser-matter interactions, inevitable prepulses are likely to create preplasma and 
shocks within the target before the main pulse arrives. We investigate the influence of density gradients due to 
prepulses on the spectral profiles. Further, radial bulk temperature distributions as well the composition of the 
created warm dense matter are inferred [3, 4]. 
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Ultra High Intensity lasers produce energetic particles such as electrons, protons, photons within a large domain 
of energies. In a range between a few MeV to few tens of MeV, these beams may open new opportunities to 
study nuclear isomer production in plasma [1] in relation with astrophysical problems. Such studies require 
the knowledge of the particle energy and angular distributions to quantify possible future experiments. For 
this purpose, we have developed a standalone integrated data acquisition system to characterize proton and 
electron beams (converted into photons via bremsstrahlung) using nuclear activation techniques. This system 
called NATALIE (Nuclear Activation Technique for Analysis of Laser Induced Energetic particles) is composed 
of sixteen Nal detector pairs used to count the activity of various samples activated via (y,xn) or (p,n) reactions 
for example. The setup is based on a coincident technique which allows (V activity measurements with very 
low background and leads to accurate nuclear activation yields determination. Geant4 simulations are used 
at different steps of the data analysis to deduce the energy and angular distributions of the laser-induced 
particle beams from the experimental data. Two applications are presented as illustrations regarding the 
characterization of electron and proton beams. 
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