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With the upcoming new experimental colliding planar shocks platform, in particular, at the NIF and 
the FAIR facility at GSI Darmstadt, high precision thermodynamic data for highly compressed 
matter will be needed. This poses new challenges to theory and simulations. However, even for 
such relatively simple elements like hydrogen, first principle equation of state (EOS) data free of 
systematic errors, are still absent.
In this content we have developed a novel first-principle fermionic path integral Monte Carlo (MC) 
approach for hydrogen (deuterium) plasma[1] which is free of the fixed-node approximation[2]. The 
revised EOS have been constructed for temperatures in the range 15 000K ≤ T ≤ 400 000K and 
wide range of densities. This provides new opportunities to improve alternative simulation methods 
as well as chemical models for the challenging conditions of warm dense matter. 
As a next step we plan to analyze the dynamic properties of plasmas, cf. the dynamical structure 
factor and dielectric function, based on a novel non-perturbative self-consistent method of 
moments. We have recently successfully applied this approach to analyze the eigen-modes’ 
explicit temperature/density dependence both in uniform electron fluids and in 3He, where for 
strong coupling we predicted a bimodal structure of the excitation spectrum with a lower-energy 
mode possessing a well pronounced roton-like feature[3]. The proposed approach, due to its 
rigorous mathematical foundation, can find numerous diverse applications in the physics of Fermi 
and Bose liquids.
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