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The heating of dense matter to extreme temperatures motivates the development of powerful 
lasers.  However, the barrier the critical electron density imposes to light penetration into ionized 
materials results in the deposition of most of the laser energy into a thin surface layer at typically 
only 0.1% of solid density. The small plasma volume results in a short hydrodynamic lifetime 
that limits the efficiency with which x-rays are emitted. We demonstrate the volumetric heating 
of near-solid density plasmas to keV temperatures using ultra-high contrast femtosecond laser 
pulses of only 0.5 J energy to irradiate arrays of vertically aligned nanowires [1].  Our x-ray 
spectra and particle-in-cell (PIC) simulations show extremely highly ionized plasma volumes 
several micrometers in depth are generated by irradiation of Au and Ni nanowire arrays with 
femtosecond laser pulses of relativistic intensities.  Arrays of vertically aligned Ni nanowires 
with an average density of 12% solid were ionized to the He-like stage. It is remarkable that the 
He-like line emission from the nanowire target exceeds the intensity of the Ni Kα line at this 
irradiation intensity, since in previous work with Cu foils the emission from the Kα lines was 
only surpassed at irradiation intensities >2x1020 Wcm-2. Similarly near-solid density Au 
nanowire arrays were ionized to the Fe-like (Au53+). This volumetric plasma heating approach 
creates a new laboratory plasma regime in which extreme plasma parameters can be accessed 
with table-top lasers. The increased hydrodynamic-to-radiative lifetime ratio is responsible for a 
dramatic increase in the x-ray emission with respect to polished solid targets. 
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Fig. 1. Particle-in-cell simulation and spectra from plasma 
generated by fs pulse irradiation of a vertically aligned array of 
55 nm diam. Ni nanowires. (A) PIC simulations of the electron 
density (Ne) evolution in  an array of  18 µm long  Ni wires  with an 
average atomic density of 12% solid density (inset) irradiated at 
5x1018 Wcm-2 by  a 

 λ= 400 nm, 60 fs FWHM laser  pulse. Ne is in 
units of critical density (Nec = 6.8x1021 cm-3).  (B) Single-shot X-ray 
spectra comparing the emission from an irradiated array of 5 µm 
long, 55nm diameter, Ni nanowires to that from a flat polished Ni 
target.  The nanowire plasma spectra is dominated by He-like Ni  
resonance line,  and by the intercombination line merged with 1s2p2 -
1s22p Li-like Ni lines. 
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