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Abstract 
Ultra-high-energy-density matter, characterized by energy densities > 1 x 108 J cm-3 and pressures 
greater than a gigabar is encountered in the center of stars and in inertial confinement fusion 
capsules driven by the world’s largest lasers. This talk will shown that similar conditions can be 
obtained with compact, ultra-high contrast, femtosecond lasers focused to relativistic intensities 
onto aligned nanostructure arrays 1. Here we discuss the measurement of the key physical process. 
Experiment also show that aligned nanowires irradiated at relativistic intensities convert optical 
laser light into X-rays with record efficiency, and can drive deuterium-deuterium fusion reactions 
resulting in the efficient generation of ultrashort neutron pulses.  Relativistic 3D particle-in-cell-
simulations, validated by these measurements, predict that irradiation of nanostructures at 
intensities of > 1 x 1022 W cm-2 will lead to a virtually unexplored ultra-high energy density plasma 
regime characterized by energy densities in excess of 8 x 1010 J cm-3, equivalent to a pressure of 
0.35 Tbar.  
 

1.  B. Bargsten et al.  Science Advances 3, e1601558  (2017) 
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