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Ultra-high-energy-density (UHED) matter (>108 J cm-3, >109
bar) is encountered in the center of stars but is difficult to
create in the lab. We show that irradiation of high aspectratio aligned nanowire arrays with ultra-high contrast Joulelevel fs laser pulses provides nearly complete absorption and
enhanced light penetration into near-solid density targets,
and allows volumetric heating into the UHED regime. Using
ALEPH (Advance Laser for Extreme Photonics), a PW laser at
CSU, we demonstrate that fs laser pulses of relativistic intensity volumetrically heat near-solid density plasmas to multikeV temperatures, with pressures surpassed in the lab only
in the hot-spot of fusion plasmas. The physics of relativistic
laser pulse interactions with nanostructures and promising
applications will be reviewed. Electron densities >100x that
of the critical density are achieved. Extraordinarily high degrees of ionization (e.g., Au+72) occurs at solid densities using
laser pulses of <10 J, producing return currents through the
nanowires that create giga-Gauss magnetic fields. The large
electron density and plasma volume produce 20% energy
conversion into ps x-ray pulses. Acceleration of deuterons
from nanowire arrays to multi-MeV resulted in quasimonochromatic fusion neutron production 500x that of irradiating flat sold targets. 3-D PIC simulations of relativistic laser pulse interactions with nanostructures will be discussed.
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