Time resolved spectroscopy of proton-heated targets relevant to proton fast ignition
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Recent demonstration of ignition on the National Ignition Facility has generated significant interest worldwide in the use of inertial confinement fusion for future fusion power plants. However, to make thermonuclear fusion a reality for energy applications, one needs to significantly increase gain of the target.  Fast ignition (FI) of inertial confinement fusion concept promises high gain compared to conventional hot spot ICF. FI is also attractive due to less stringent symmetry requirement because of separate compression and heating phases [1]. The heating of compressed fuel could be done using energetic electrons or protons/ions. Particularly, heating by protons is attractive due to their heavier mass, which makes them less prone to instabilities and provides a more localized energy deposition.  We have carried out a series of experiments on the Omega EP laser to understand proton focusing and energy deposition. We, for the first time, used time-resolved X-ray spectroscopy to investigate heating of a copper foil by laser generated proton beam using the High-Resolution Streaked X-ray Spectrometer (HiResSpec). The EP laser (450-900 J, 5-10 ps) was focused onto a cone-enclosed partial hemisphere to generate and focus an intense proton beam onto a 10 µm- or 25 µm-thick solid copper sample. HiResSpec diagnosed the Cu Kα1 and Kα2 line emissions with a time resolution of a few picoseconds, allowing us to resolve temperature-dependent shifts of the lines; these correspond to sample temperatures up to ∼50 eV within ∼35 ps, according to atomic kinetics simulations. We compared these results with hybrid-PIC simulations and find consistent temperature evolution, when accounting for the temporal spreading of the proton beam as it traverses the cone.  
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