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•   Describe the research frontier and importance of the scientific challenge. 
Current modeling tools for HED experiments are based on a radiation-hydrodynamics framework that is 
more than 40-year-old. These tools have been immensely successful in designing and interpreting HED 
experiments, but they are  reaching their limits of validity and accuracy when compared against current, 
more sophisticated and better diagnosed experiments. While more advanced   physics codes and models 
have been developed recently (from molecular dynamics to detailed atomic physics to kinetic simulation 
of plasmas), they usually rely on plasma conditions input from the simpler “integrated simulation” 
describing the experiment as a whole (see [1] for example).     
The grand challenge is to be able to calculate an HED experiment with enough details to match the 
current detailed measurements of plasma conditions. This would require merging the best available 
models/framework, leveraging modern computing power, and above all improving the degree to which 
we can constrain these models with dedicated experiments and diagnostics (i.e. developing a whole 
database of measured plasma “behavior” in the HED regime) 
 
•   Describe the approach to advancing the frontier and indicate if new research tools or capabilities 

are required.  
Over the next 5 years, this problem can be approached from  two opposite sides. On large experimental 
facilities (Omega laser UR-LLE; NIF LLNL; Z Sandia;...), optical (Thomson scattering), x-ray (imaging; 
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spectroscopy; scattering) and particle-based (proton and neutron imaging) diagnostics are reaching a 
maturity level that allows for diagnosing detailed plasma conditions with unprecedented time and spatial 
resolution.  At the 100 ps time scale and 100 µm spatial scale, dedicated HED experiments can provide 
constraining data to push our current modeling tools beyond the state-of-the-art radiation-hydrodynamics 
models (transport, kinetics, LPI...see [1] for an example). This requires a deliberate effort in adding and 
improving plasma diagnostics combined with a constant test of modeling tools against such data. 
On smaller scale HED experiments, such as MEC@SLAC, plasma conditions can be diagnosed at the 
sub-picosecond/sub-micron scale over hundreds of shots. One can envision ab-initio modeling of the 
entire experiment with kinetic simulation (once they include radiation and atomic physics), testing our 
fundamental assumption for larger scale modeling (such as transport/mixing/...). 
 
As a practical example there is a current renewed interest in laser driven plasma interpenetration/collision, 
driven by a desire to better understand the inside workings of NIF hohlraums. The expanding hohlraum 
wall can collide with the capsule ablator at a relative velocity of 1000 km/s, and density of 1020 cm-3, a 
regime where the fluid approximation is questionable [4] and a kinetic treatment could be more 
appropriate [Fig. 1]. Our approach to resolve this problem combines a few integrated measurement on 
NIF experiments, a dedicated day (14 shots) at the Omega laser facilities with detailed (Thomson 
scattering; x-ray imaging) plasma parameters measurement (flows, temperatures, atomic composition) in 
a simplified system that can be modeled with kinetic codes (collisional/hybrid PIC [2]) and rad-
hydrodynamics (fluid-based [3]) codes [Fig. 2]. The planned outcome is to improve plasma 
interpenetration [1] and transport models in the rad-hydrodynamics code to allow integrated modeling of 
the more complex situation on NIF, similar to what has already been done with diffusion [5] 
 
•   Describe the impact of this research on plasma science and related disciplines and any potential for 

societal benefit. 
The improvement of modeling capabilities for HED experiments, based on better models, modern 
computing capabilities and the possibility of acquiring large amounts of very accurate data on 
experimental plasma conditions in dedicated experiments, would benefit all subsequent HED 
experiments. The potential of being able to calculate the driver (i.e. hohlraum drive; ablation pressure; 
current/B-field; ...) in a HED/ICF experiment would remove a lot of uncertainties on the “what is exactly 
going on/how did we get here” part of an experiment and allow the focus to be moved from 
improving/understanding the driver to studying the driven part of the experiment.  
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Figure 1 : in a NIF hohlraum, plasmas of different materials can collide at high relative velocity and 
densities low enough to question a fluid dynamics framework for simulations 

 

 
Figure 2: Collisional-kinetic simulations (PSC) predict a less violent stagnation than hydrodynamic 

simulations (HYDRA). This difference in density and temperature in the stagnation region can strongly 
affect the laser beams’ propagation in the hohlraum and the symmetry of the capsule implosion 




