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Abstract 

  The nanostructure of very-low density aerogels (<10 mg/cm3) affects the laser heating and propagation of the subsequent 

heat front. Simulations fail to predict these effects of the nanostructure on the laser-matter interaction. Diagnostics from 

ILE will characterize the ionization-wave propagation and X-ray yield as the laser passes through the aerogel. 

 

Objectives, Rationale, and summary 

Nanosecond laser irradiation on a solid or gaseous 

target, with intensity of the order of 1015 W/cm2, generates 

an ionization wave through the matter. Mid-Z atoms can 

be ionized to their K-shell, thus emitting copious amount 

of x rays with energies of a few keV.  Laser-irradiated 

materials are thus the first-choice for brief and bright 

x-ray sources. 

As a joint international team from ILE, CEA and 

LLNL, we have performed several experiments on 

developing X-ray sources in the multi-keV photon energy 

range in order to get efficient and useful backlighting 

sources for the NIF [1] and LMJ laser facilities. 

Laser-irradiated solid metallic foils have low 

laser-to-x-ray conversion efficiencies (CEs) in the 

multi-keV range. Gas targets show high efficiencies due 

to their low initial density: they are volumetrically heated 

by the laser and undergo an efficient supersonic ionization 

wave. However, few chemical elements can be used in 

their gaseous phase, and their handling is complex. To 

solve this issue, our collaboration has explored with 

success, in the past few years, the possibility to use 

low-density foams, with average densities almost as low 

as gases, containing a significant fraction of 

K-shell-emitting atoms. We pursue two objectives: (i) to 

optimize the x-ray output from these foam targets and (ii) 

to provide accurate prediction capability in 

laser-matter-interaction simulations. To achieve these 

goals, we propose to scan the influence of the 

nano-structure of different foams on the ionization wave 

propagation in the foams, as compared to propagation in 

uniform density media such as gases, thus testing the 

corresponding theoretical predictions. 

In the past, we have demonstrated improvements of 

the multi-keV x-ray conversion efficiency obtained from a 

flat metallic foil by the use of metal-doped (Ti, Zn or Ge) 

underdense aerogels [2,3,4] or metal-lined cylindrical 

plastic cavities (few microns of Ti, Cu, Ge or steel 

deposited on the inner wall of a cylinder) [5,6]. Hybrid 

targets composed of a thin metallic foil located at the end 

of a low-density aerogel were tested on the GEKKO XII 

laser facility in December 2009. The heat front 

propagation velocity and conversion efficiency 

measurements gave important results published in [7,8,9]. 

In December 2012, we carried out a very successful 

experiment at GEKKO XII showing the high efficiency of 

new foam materials containing a high proportion of mid-Z 

x-ray emitters [10]. This experiment provided 

propagation velocity results showing that the role of the 

nano-structure is important. We are currently continuing 

these investigations on the Omega laser facility 

(University of Rochester, NY, USA). A compilation of the 

results from the past years is provided in the figure on the 

side. 

Despite of careful preparation, we could not complete 

the experiment as planed due to serious unforeseen 

trouble occurring in the Gekko cooling system. Therefore, 

we are proposing to have another opportunity to carry out 

the experiment in FY 2015. 
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