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Deep inside planets and in the aftermath of giant impacts, extreme density, pressure and 

temperature strongly modify the properties of the constituent materials. In conjunction with 

numerical simulations, experimental constraints on phase transformations and how they affect 

thermodynamic and transport properties at the extreme conditions are crucial to determine a 

planet's internal structure and evolution.      

Laser-driven dynamic compression can easily reach the multi-megabar range typical of the 

pressure existing deep inside large planets and exoplanets, or generated during hypervelocity 

impacts with large entropy creation during single-shock compression resulting in large shock-

heating. We find that combined compression and heating can transform typical rocky 

minerals into dense, shiny fluid able to conduct electrical current, thus blurring the distinction 

between metals and rocks to accurately model planetary collisions [1]. 

In addition, the versatility of large lasers can also be exploited to design advanced shock 

compression schemes that allow us to probe thermodynamic states other than the 

pressure/temperature conditions obtained in a single-shock experiment (Hugoniot), therefore 

opening to the possibility of tackling fundamental questions on the behavior of planetary 

relevant materials at lower temperatures near 1000-10000 K. 

To illustrate the interest of developing such advanced dynamic compression schemes to 

explore new states of matter, at the boundary between plasma and condensed matter physics 

and planetary science,  I will discuss recent experimental results on the discovery of 

superionic water ice [2,3] and the insulator-to-metal transition in dense fluid hydrogen [4] and 

their potential implications for our understanding of Neptune, Uranus, Saturn and Jupiter. 
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