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Laser-driven ion acceleration has received significant attention over the past two decades
as a compact source of ultra-short, high-flux bunches of energetic (tens-of-MeV) ions with
wide-ranging potential applications, such as medical oncology, industrial processing and
ultrafast imaging. This acceleration is possible due to the high magnitude electric fields, of the
order of MV um™!, produced in dense plasma irradiated by relativistically intense laser light.

It has been demonstrated experimentally and numerically that the use of ultrathin foils
which undergo relativistic induced transparency during the interaction are a promising
approach to achieve high energy laser-accelerated ions. The portion of laser light transmitted
through an expanding ultrathin foil results in additional heating of the plasma electrons in the
region through which it propagates, which can enhance the electric fields and thus ion energies.
This forms the basis of the laser break-out afterburner [1] mechanism and the transparency-
enhanced hybrid RPA-TNSA scheme [2].

Here we investigate laser-driven proton acceleration from ultrathin foil targets that undergo
relativistic self-induced transparency (RSIT) and correlate the maximum proton energy and
laser-to-proton energy conversion efficiency with the onset time of transparency [3] (see Figure
1). This is investigated using 2D and 3D particle-in-cell simulations to explore an intensity
range from 10°°-10% Wcm™, for both linear and
circular laser polarisation. This includes evaluating 10 g ay=16
the impact of the temporal contrast of the laser pulse 0.8 : :U - igo
and the influence of the high-field effect of radiation m 2= 310
reaction at the highest intensities. i

Over the full-range of parameters explored, the
onset time of RSIT relative to the temporal peak of
the laser pulse interacting with the target is found to 0.2
be a key defining factor in both the maximum proton
energies and conversion efficiency. These results will b tfs)
1nforrp the deS{gn and deve@opment of future Figure 1: Normalised laser-to-proton
experiments and ion sources which make use of the  energy conversion efficiency as a
laser-ion acceleration enhanced by RSIT. function of the onset time of relativistic

transparency, for 4 example intensities.
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