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Recent experiments [1] have demonstrated that the excitation of surface plasma waves (SPW)

by ultra-high intensity fs lasers impinging on a solid-density target strongly enhances the laser-

plasma coupling as well as provides a new path for generating relativistic (from few to 20

MeV), high charge (from 0.1 to 0.6 nC) electron bunches. In this work, we propose to use laser

wavefront rotation (WFR), a state-of-the-art technique such that the wavefront rotates with time

at the focus [2], to produce shorter (few optical cycles only) and more intense SPW [3], and

thus produce ultra-short, energetic electron bunches. We demonstrate, by Particle-In-Cell (PIC)

simulations with the open-source PIC code SMILEI [4] , that for a well-defined angular velocity

of the WFR laser pulse focalized at a distance from the surface, an ultra-short (typically 10 fs

FWHM in fields against 40 fs without WFR) SPW is excited with its field amplitude increased

by 70% with respect to the case without WFR. A simple analytical model allows to identify the

optimal laser parameters. This tuning of the SPW excitation is associated with the production

of ultra-short (few fs) multi-MeV electron bunches. The maximum energy of these bunches

shown to also be strongly increased (also by ∼ 70%) by WFR resulting in 70 MeV electrons in

simulations with laser intensity I = 3.3×1019 W/cm2.

All simulations were performed on the Irene-SKL machine hosted at TGCC-France, using

High Performance Computing resources from GENCI-TGCC (Grant No. 2018-x2016057678)
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