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Purpose: In recentyears there has beenanexplosionof researchwork concerning the
topic of chargedion acceleration usinghigh-powerlasers. Themaximumparticle energy
andtheshapeof thedistributionfunction are thetwo mainparametersinfluencingthe
potential utilizationof thenewtechnology in radiation therapy. Low energytransfer
efficiency from the laser pulseto protons(~ 5%) is oneof thedetrimentalfactorslimiting
theproductionof particle beamsin thetherapeuticenergy range. In this study we show
thattheenergytransferefficiencycanbesignificantly increased througha processof
splitting thesingle interaction stage(conventionalinteractiondesign)into multiple sub-
stages.

Method and Materials: 2D Particle in Cell simulation codeand3D theoretical model
wereusedto simulateinteraction of lasersub-pulses with multiple targets in a sequential
manner.Thethin layer of protonsis initiall y locatedonly at thebacksurfaceof thefirst
target.The remainingtargetsare devoid of anycontaminanthydrogen-rich materials.

Results: It wasshown that in a three-stagesetting,thereis ~ 60%increasein theenergy
efficiencyof thelaser acceleratoras comparedto a singleinteraction scheme.At the
sametime accordingto theresultsof our 3D model, it shouldbepossibleto increasethe
energyefficiencyby morethan 100%for a six-stage interactionsetting without using
more powerful lasers.

Conclusions: Thesplitting of a single interactionsiteinto multiple stagesis an effective
wayof reducinganirreversiblecomponentin theenergyexchangeprocessbetweenthe
laserandprotons.As a resultmorelaserenergyis transformedinto protonkinetic energy,
thusincreasingeffectivenessof the“pump”.


