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Three stage model of LWFA drive pulse evolution in
meter-scale plasma waveguides
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Recently developed techniques for optical generation of low density (≤10^17 cm^(-3)), meter-scale hydrody-
namic plasma waveguides in extended supersonic gas jets [1-3] have already enabled a new class of fully-
optical multi-GeV laser wakefield accelerators [4,5]. Optimization of the laser wakefield acceleration (LWFA)
process in these types of waveguides and plans for future, single-stage 100 GeV accelerators [6] require de-
tailed understanding of drive laser pulse evolution over meter-scale propagation lengths. Here, we show that
guided relativistically intense pulses in long, low-density plasma waveguides, appear to have a universal non-
linear behaviour, independent of whether the injected pulse is linearly mode matched to the waveguide. This
behaviour can strongly influence the structure of multi-GeV electron spectra [7]. We describe key pieces of
the model including plasma waveguide modal dispersion and a new mode-beating effect arising from wake
excitation within narrow plasma channels.
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