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Multi-MeV proton beams find various applications for instance in the modification of ma-

terial parameters or in ’fast ignition’ of inertial confinement fusion [1]. Target normal sheath

acceleration (TNSA) driven by short intense laser pulses is, in this context, a well-established

proton acceleration mechanism [2]. The generation of multi-MeV proton beams, with ultrashort

duration (ps) and a high number of protons in a bunch ∼ 1011 − 1013, has been successfully

demonstrated in experiments; however, beam properties still need improvement for several ap-

plications.

Here, we study the phase-space properties of protons accelerated from intense lasers with or-

bital angular momentum (OAM) [3] and discuss how these lasers could be used to optimize key

issues in proton acceleration in plasmas, such as their divergence and energy. The self-consistent

laser–plasma dynamics is investigated analytically and by relying on three-dimensional particle-

in-cell simulations in OSIRIS.

First, the work was devoted to examining the differences between the irradiation with a Gaus-

sian and an OAM laser pulse. The PIC simulation data provided convincing evidence for the

claim that the OAM laser driver leads to a smaller proton beam divergence while reaching a sim-

ilar longitudinal momentum. We have then focused on identifying the key mechanisms leading

to the small proton beam divergence. The results demonstrate an interplay between multidimen-

sional sheath fields during the acceleration of the protons at the rear side of the target. Future

research is sought to quantify the role of the OAM on the generation of stable sheath electric

and magnetic fields to accelerate and collimate protons up to high energies.
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