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Abstract:

One of the major goals of research for laser-plasma accelerators (LPA) is the realization of compact
bright sources of femtosecond X-rays that could soon rival conventional facilities such as
synchrotrons or XFELs. By focusing multi-terawatt femtosecond laser into underdense plasma we
generate a plasma bubble free of electrons just behind the laser pulse. Inside this bubble, space
charge separation creates ultra-high electric field (~100 GV/m, which is 1,000 times higher than field
in conventional RF accelerators), enabling GeV-scale electron acceleration within centimeters
providing a compact electron accelerator. Furthermore, ultra-short synchrotron-like X-ray radiation,
known as betatron radiation, is produced simultaneously when the accelerated electrons are
transversely wiggled by the radial electric field inside the plasma bubble. Additionally, LPA-generated
electron beams serve as ideal drivers for generating tunable, quasi-monochromatic, ultra-short, and
high-brilliance X-rays and y-rays through inverse Compton scattering (ICS).

Despite these advancements, the stability of LPA-based X-ray sources remains a major challenge for
real-world applications. This thesis explores novel methods to enhance X-ray flux and energy in both
betatron and ICS schemes. It further investigates the potential of these sources for high-resolution
imaging and tomography of thick samples, as well as their use as backlighters for imaging of laser-
driven hydrodynamic shocks relevant to inertial confinement fusion.
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Abstrakt:
Jednim z hlavnich cilll vyzkumu urychlovacl v laserovém plazmatu je realizace kompaktnich zdroj(
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femtosekundového rentgenového zareni, které by mohly brzy konkurovat konvenénim zafizenim, jako
jsou synchrotrony nebo XFELy. Fokusaci femtosekundového laseru s vykonem nékolika TW az PW do
podkritického plazmatu vytvafime plazmovou bublinu (bez elektront) tésné za laserovym impulzem.
Uvnitf této bubliny je vyrazna separace naboje, ktera vytvari extrémné silné elektrické pole (~100
GV/m, coz je 1000x vy$si nez pole v konvencnich RF urychlovacich), umoznujici urychleni elektront
na GeV Uroven béhem nékolika centimetrd — ¢imz vznika kompaktni elektronovy urychlovac. Zaroven
vznika ultrakratké synchrotronové rentgenové zafeni znamé jako betatronové zareni, kdyz jsou
urychlené elektrony transverzalné rozkmitany radialnim elektrickym polem uvnitf plazmové bubliny.
Kromé toho slouzi laserem urychlené elektronové svazky jako idealni zdroje pro vznik laditelnych,
kvazimonochromatickych, ultrakratkych a velmi jasnych rentgenovych a gama paprskii pomoci
inverzniho Comptonova rozptylu (ICS).

Navzdory rychlému pokroku zlstava stabilita rentgenovych zdrojli zaloZzenych na laserovém
urychlovani hlavni vyzvou pro praktické aplikace. Tato disertaéni prace ma za cil zkoumat nové
metody zvySovani jasu rentgenového zarenijak vramci betatronového, tak i ICS schématu. Déale bude
zaméfena na zobrazovaci metody s vysokym rozliSenim a tomografii tlustych vzork( i sondovani
laserem buzenych hydrodynamickych razovych vln, které jsou relevantni pro inercialni
termojadernou fuzi.



