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Purpose: To studythe temporal evolution of the target's chargeandits effect on the accelerationof protons.To optimizethe proton
energyby designingnewtargetgeometry,in which theprotons experiencethefull acceleration potentialcreatedby thelaserpulse.

Method and Materials: Theprocessof protonacceleration is studiedby meansof fully relativistic two-dimensionalPIC simulations
(2D3V PIC) with initial conditionssimilar to a realistic experimental situation,where a relativistically intense (I0=1.92x1021W/cm2,
a=30)ultrashort (~40fs) infrared(λ = 800nm) laserpulseinteracts with a Cu targetof thickness400~nmat normal incidence.

Results: Protonsat reston the backsurfaceof the targetwereinitially studied andtheir dynamicswasanalyzed. It wasdetermined,
that in this geometry the protons experienceacceleration in only 25% of the peak of the electric field. The conditions were
subsequently optimized by assuming a moving proton bunch incident on the target.A novel two-stageacceleration schemewas
proposed (chainacceleration)anda total energygain of 50% was estimatedunderoptimumconditions.The implications for proton
therapy arediscussed.

Conclusion: It is shown,that in a conventional proton acceleration geometry using lasers, the acceleration conditions are far from
optimumdueto the fact that theprotons areexpelled from thetarget beforethe maximum chargebuild up is reachedandasa result
experience reducedaccelerationpotential. We proposedandanalyzeda new accelerationschemeemploying a doubletarget,in which
the protonsaccelerated in the first stageareproperly timed with the laserpulsethat ionizesthesecondtarget. Undersuchconditions
the energygain is substantial, opening up the wayfor protonacceleration above100MeVusing thetoday’sstateof laser technology.


