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Highly efficient laser wakefiled accelerationto generate GeV energy proton by
using dual-laserpulses
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Thelaser-plasménteractioncangeneratéiigh acceleratioriields,which exceedshoseof the conventionabcceleratordy
ordersof magnitude.Dueto this excellentfeatureof largeacceleratiorgradient,laser-drivenprotonacceleratiorpossesses
high potentialto realizethe compacthigh energyprotonsourcedor variousapplicationsjncludingmoderncancertherapies
[1]. In spaceplasmathe modelof astrophysicalvakeaccelerationwhichis drivenby the strongAlfvenic pulsesemittedby
themagneto-rotationahstabilityin theaccretiordisk, hasbeenproposedo explainultra-highenergycosmicraysabovel 0'®
eV energyof protonandnucleug2-4]. It hasalsobeenfoundthatwakefieldacceleratiorof particlesoccursin arelativistic
perpendiculashock,wherethe precursomwavesare exciteddueto the synchrotrormaserinstability in the shockfront, and
the wakefieldsare generatedby the ponderomotivdorce of the precursomwaves[5,6]. In laserproducedplasmahnumerical
attemptgo produceGeV protonbeamshavebeenmade[7-11] for thefutureexperimento investigateunderlyinggeneration
process of such high energeparticles.

We proposeanefficienthybrid acceleratioschemeo generateelativistic("GeV) protonswith usingdual-pulsegndsolid
density(SD) andnearcritical density(NCD) foils in tandem12]. The accelerationrmechanisnis the two-stageacceleration
processf radiationpressurecceleratior{RPA) andlaserwakefieldacceleratio{LWFA), wherethe injection of relativistic
ionsinto wakefieldis controlledby theparametersf thedualpulses.Theenergetiqrotonswhich areacceleratety thefirst
laserpulsein thefirst RPA stage areinjectedinto the NCD plasma.In the secondstage protonsaretrappedin front of the
secondaserpulseandacceleratedby the laserinducedwakefield. Sincethe secondoulsereacheghe NCD plasmathrough
theholeof the SD targetmadeby thefirst pulse,all amountof secondulseenergyis usedfor thesecond WFA, resultingin
moreefficientacceleratiorcomparedo the hybrid RPA-LWFA with a single-pulsewherealargeamountof pulseenergyis
reflectedby the SD target, resultinig the reductiorof the energy used fahe LWFA.
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