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Narrow energy band and quasi-collimated bunches of ions were produced from the interaction 

of intense (>1020 W/cm2), picosecond-duration laser pulses with ultra-thin (10nm) gold foils. 

These included the bulk target species, in particular the Au ions which are accelerated with 

spectral peaks centred at 1.5 GeV and containing an order of 1010 particles. Angularly resolved 

ion spectra obtained with multiple high resolution Thomson parabola spectrometers shows the 

ions with narrow spectral peaks were emitted in pencil beams of ~5° half cone angle, in line 

with radiochromic film stacks looking at the spatio-spectral profile of the proton beam. 2D 

particle-in-cell simulations suggest an interplay between multiple mechanisms, viz. TNSA, 

RPA, and RIT. Where acceleration during the pulse rising edge is dominated by the sheath field 

effects, allowing the high charge-mass ratio ions to be driven away from the interaction volume. 

As the plasma density decreases, and incident intensity increases, the radiation pressure effect 

dominates the interaction. Although the radiation pressure phase lasts for a relatively short time 

before the plasma becomes relativistically transparent, it leads to a swift acceleration and dense 

bunching of the Au ions. The gold ion bunch is then further accelerated to its maximum energy 

in the final phase by the transparency-enhanced sheath field effects. 
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