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Advancement in plasma sources towards high
repetition rate operation
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Laser wakefield electron acceleration has attracted significant attention over the last decades, due to its abil-
ity to generate acceleration gradients orders of magnitude greater than those in conventional accelerators.
However, in order to realise a multi-GeV laser-driven plasma accelerator stage, the laser pulse must remain
focussed through tens of centimetres of low-density plasma. Such lengths are orders of magnitude greater
than the Rayleigh range, and some form of wave-guiding is required. Particularly promising are hydrody-
namic optical-field-ionized (HOFI) plasma channels, where a plasma channel is formed by the hydrodynamic
expansion of a plasma column formed by OFL

Thanks to their free-standing nature, HOFI channels appear as a suitable option for the high-repetition rate
operation of future multi-GeV plasma accelerator stages. We present experimental results demonstrating that
HOFI channels can be stably generated at kHz-scale pulse repetition rates. Further, we experimentally demon-
strate the stable generation of HOFI channels at a mean pulse repetition rate of 0.4kHz for a period of 6.5hours
without degradation of the channel properties due to the effects of heating or damage to the laser optics. These
developments, in combination with novel schemes such as Plasma-Modulated Plasma Accelerator (P-MoPA),
open a viable route towards an all-optical, high-repetition-rate accelerator stages.
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