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Purpose: To studythe tempor# evoluion of the targets chargeandits effect on the accelerationof protons.To optimizethe proton
erergyby designingnew targetgeometryjn which the protons experiencethefull acceleation potentialcreatedoy thelaserpulse.

Method and Materials: The processof protonaccegraton is studied by meansof fully relativistic two-dimensonal PIC simulatons
(2D3V PIC) with initial conditionssimilar to a redistic expgimentl situation, where a relativistically intens (10=1.92x1*W/cm?,
a=30) ultrashort (~40fs) infrared (A = 800nn) laserpulseinteract with a Cu targetof thickness400~nmat nomalincidence.

Results: Probnsat reston the back surfaceof the targetwereinitially studed andtheir dynamicswasanalyzed It wasdeermined,
that in this geametry the protons experienceacceleratin in only 25% of the peak of the electric field. The conditions were
sutseqently optimized by assuming a moving protan bunchincident on the target. A novel two-stageaccéeration schemewas
proposel (chainacceération)and a total energygain of 50% was estimatedunderoptimum conditions.The implicatiors for proton
therapy arediscussed.

Conclusion: It is shown,thatin a convertional protonacceeleraton geonetry usng lases, the accéeraton condiions are far from

optimumdueto the fact tha the protons are expelked from the target beforethe maximum chargebuild up is reachedandasa result
expeience reducedaccekrationpotertial. We proposedandanal/zeda new accelerationschemesnploying a doubletarget,in which

the protonsaccelerate in thefirst stageare propely timed with the laserpulsetha ionizesthe secondtarget Undersuchconditions
the energygain is subsantid, opening up the way for protonacceleraton abovel00MeV using thetoday’sstateof lasertechnology.



