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Through laser-irradiation of suitable targets, it is possible to produce high energy ion beams 

potentially leading to reduced accelerator size and cost as compared to the conventional ones 

[1]. Radiation pressure acceleration (RPA) can become the dominant mechanism for ion 

acceleration when using ultra-thin solid foils together with a high contrast, circularly polarized 

and ultra-short laser pulse [2]. RPA can efficiently accelerate heavy ions (C6+) which are 

potentially of great importance for biomedical applications [3]. The present work is dedicated 

to investigate approaches for enhancing ion energies in the Light Sail RPA regime when 

employing a finite laser energy. 2D Particle In Cell simulations have been performed to 

investigate the increase in C6+ ion energy when increasing the laser intensity by tightly focusing 

the pulse while keeping the energy (~10 J) and pulse duration (~40 fs) constant. In particular, 

we have studied the effect of decreasing the laser spot size to near-diffraction limited with ~10 

nm thin solid targets. We find that the scaling of the maximum C6+ energy with intensity 

deviates significantly from the theoretical prediction. For the tightly focused pulse, it appears 

that the significant transverse expansion of the electrons limits the longitudinal momentum 

gain and hence causes a reduced RPA effect. We extend this study to investigate the 

fundamental electron motion in such finite laser profiles where the ponderomotive 

approximation breaks down. We anticipate that this effect will become extremely important at 

next-generation facilities coming online (such as ELI beamlines and EPAC) but also for 

optimising the acceleration at currently available user facilities where the only increase in 

intensity can be through a tighter focus. 
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