Impulsy formavimo metodai efektyviam jonu generavimui: dazmio keitimas, koherentinis
pluosty kombinavimas ir kontrasto gerinimas

Lazerinis jony greitinimas jau beveik tris deSimtmecius yra viena pagrindiniy lazerio ir medziagos
saveikos tyrimy krypéiy. Si technologija pasizymi keliomis eilémis didesniu greitinimo gradientu nei
tradiciniai radijo daznio (RF) greitintuvai. D¢l to lazeriniai jony greitintuvai laikomi perspektyvia
technologija kompaktisky, staliniy greitintuvy kirimui, kurie galéty biiti placiai taikomi medicinoje,
medZiagy moksle ir branduolinéje pramonéje. Siuo metu pagrindiniai praktinio tokiy greitintuvy
igyvendinimo i8$iikiai yra mazas lazerio energijos perdavimo jonams efektyvumas bei nepakankamas
kilovatiniy vidutinés galios lazeriniy sistemy laikinis kontrastas.

Per pirmuosius tyrimy deSimtmecius atlikti eksperimentai padéjo atskleisti jony greitinimo fizikinius
mechanizmus ir nustatyti pagrindinius reikalavimus lazerio impulsams. Naujausi eksperimentiniai
rezultatai rodo, kad lazerio impulso ir jony pluosto sgveikos efektyvumas gali biiti Zenkliai padidintas,
jet lazerio impulso savybés yra tiksliai pritaikomos konkreciai taikinio medziagai bei jos storiui.

Sis doktorantiiros projektas skirtas optiniy lazerio impulsy formavimo metody kiirimui, siekiant
padidinti energijos perdavimo i§ lazerio impulso | jony pluosta efektyvumg. Impulsy formavimas
pirmiausia apima auksto laikinio kontrasto uztikrinima, taip pat daznio konversija, dviejy spalvy
spinduliy generavimg, efektyvy impulsy dalinimg ir koherentinj jy sujungima bei laikinj impulsy
formavima. Nors dalis $iy reiSkiniy yra placiai Zinomi ir taikomi mazdaug 1 um bangos ilgio lazerio
impulsams, keliy cikly vidutinio infraraudonojo diapazono impulsy srityje jie tebéra menkai iStirti.
Be to, ypatingas démesys turi biiti skiriamas lazerio impulsy laikinojo kontrasto uztikrinimui.
Darbas prasidés impulsy formavimo modulio koncepcijos projektavimu, paremtu plazmos fizikos
reikalavimais, o véliau bus atliekamas jy modeliavimas ir eksperimentinis patvirtinimas.

Pulse conditioning methods for efficient ion generation, including frequency conversion,
coherent beam combination, and contrast improvement

Laser ion acceleration has been in the focus of laser-matter interaction studies for almost three
decades. It offers a few orders of magnitude higher acceleration gradient than conventional, RF
accelerators. Hence, they may be a viable technology for the production of table-top ion accelerators,
to be used widely in everyday life especially in medicine, material researches, and nuclear industry.
Currently, the bottlenecks in the development of practical laser ion accelerators are the low efficiency
of laser-to-ion energy conversion, and the temporal contrast of KW average power laser systems.
The experiments from the first decades revealed the physics of ion acceleration, including
requirements for the laser pulses. Recent experimental series suggest that the laser-to-ion beam
coupling can be significantly enhanced if the laser pulse properties are tailored for the actual target
material and thickness.

This PhD project focuses on the development of optical techniques of conditioing of laser puleses for
the increase the efficincy of energy transfer from the laser pulse to the ion beam. These conditioning
means, first of all, ensure that the laser pulse have high temporal contrast, then frequency conversion
and two colour beam generation, efficient pulse splitting and coherent combination, and temporal
shaping. Although part of these phenomena are widely known and used for laser pulses around 1
micron, but largely unexplored for few-cycle, mid-infrared laser pulses. Besides, special care needs



to be taken for the temporal contrast of the laser pulses. The work shall start with the conceptual
design of the pulse conditioning units based on plasma physic requirements, then modelling and
experiental proofs.



