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Acceleration of ions using ultrashort intense laser pulses is an ongoing area of research with a 

wealth of possible applications. Ions are typically accelerated via the target normal sheath 

acceleration (TNSA) mechanism [1], whereby the laser generates a hot electron sheath on the 

rear surface of the target, creating a very large electric field, which accelerates protons and 

heavier ions present on the target rear surface to MeV energies over much shorter distances 

compared to conventional RF accelerators. 

Beyond TNSA, as the laser ramps up in intensity (above 1021 W/cm2), if the target remains 

opaque to the laser pulse, radiation pressure acceleration (RPA) starts to dominate. In this 

regime, if the target is sufficiently thin, the bulk of the target is accelerated as a whole, known 

as the light sail (LS) regime. In order for LS to work, the plasma must remain opaque to the 

laser, meaning effects such as relativistic transparency must be suppressed. This is achieved by 

using circularly polarized laser pulses as opposed to linearly polarized. Circular polarization 

suppresses j×B heating of electrons, resulting in an overall lower temperature plasma and 

stalling the onset of relativistic transparency. 

We will present here the latest results from an experimental campaign recently undertaken on 

the Gemini laser system at the Central Laser Facility in the UK. In this experiment amorphous 

carbon targets ranging in thickness from 2nm to 100nm were irradiated with high contrast 40fs 

pulses with an intensity up to 1021 W/cm2, for both circular and linear polarizations and the 

resulting proton and ion spectra compared. Examining the highest energies achieved for a given 

polarization and target thickness, allows to identify the transition from TNSA to LS. 

Observations of the optimal target thickness for ion acceleration are compared to analytical 

predictions from LS theory, in addition to results from Particle in Cell modelling. 
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