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Abstract
The study of  matter under extreme pressure conditions is vital for our understanding of  the interiors of  

astrophysical objects – ranging from neutron stars to gas giants like Jupiter – as well as the effort to 
achieve controlled thermonuclear fusion for energy production via the ICF concept. However, such 

states can’t directly be observed, except at high-power laser facilities where it is transient in nature and only 
exist for a few billionths of  a second and are strenuous to diagnose. Therefore, theoretical and 

computational work is needed to aid and guide experimental efforts. The regime, commonly referred to as 
Warm Dense Matter, is challenging to model due to a combination of  properties from quantum mechanics 

– describing everything from molecules to metals – and plasma physics, the physics of  stars and the 
interstellar medium. We are exploring computational techniques not reliant on the Born-Oppenheimer 

approximation which is commonly employed, where we follow the motion of  both the electrons and ions 
in time. To explicitly follow the election motion is seen to be an important part of describing the 

dynamical properties of  the dense plasma e.g., electrical conductivity or mass diffusion.
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