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Repetition-rate DPSSL and KrF laser drivers for Inertial Fusion Energy power plant
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A single-shot 1.8-MJ Nd glass National Ignition Facility has been successfully completed and thermonuclear ignition experiments were started at the LLNL, USA [1] whilst the other facility Laser Mega Joule is under construction in France, being scheduled for operation in 2014 [2]. The success of these experiments will strongly affect on the further fate of the Inertial Confinement Fusion (ICF), although it will be only the first step on the path to Inertial Fusion Energy (IFE) production. NIF and LMF, as well as their predecessors, large Nd-glass laser facilities Nova and Omega (USA), Vulcan (Great Britain), FIREX (Japan), SG (China), and photodissociation iodine facility Iskra-5 (Russia), which produced output energies of few tens kJ, were single-shot lasers capable to operate with a few shots per day. Moreover, all of them have very low efficiency, which renders impossible their usage in a complete cycle of the IFE power plant. The most reliable but less effective indirect-drive approach with laser light converted into x-ray radiation was chosen to demonstrate the ignition. For the IFE a favor is given to the direct-drive approach where for a target gain ~100 laser energy should be of about 2 MJ, with laser efficiency being ≥ 6–7% [3]. To meet technical and economic requirements [4] laser driver should continuously operate with a repetition rate ≥ 5 Hz for 2 years providing ≥ 3*108 pulses. Among existing lasers only Diode Pumped Solid State Laser (DPSSL) and e-beam-pumped Krypton Fluoride (KrF) laser pumped by relativistic e-beam have high enough efficiency and can be scaled up to required energies.
Current paper presents a review of the research on repetition-rate laser drivers being under development for future IFE power plants. Special attention is given to realization of attractive schemes for separate target compression and fast ignition of thermonuclear reaction by accelerated particles [5] or strong convergent shock wave [6], which enables one to decrease energy of the main laser driver down to ~500 kJ. Opportunities of such approach and laser requirements are considered for KrF FTF (Fusion Test Facility) program and DPSSL LIFE (Laser Inertial Fusion Energy System) и HiPER (High Power Laser Energy Research Facility) programs.
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