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Abstract:

Laser wakefield acceleration (LWFA) has emerged as a compact and versatile method for generating
ultrashort, high-energy electron beams over centimeter-scale distances. When a high-power femtosecond
laser pulse is focused into an underdense plasma, it drives a plasma wave (wakefield), within which
electrons can be trapped and accelerated to relativistic energies. Simultaneously, the accelerated electrons
undergo transverse oscillations in the plasma wake's electric fields, producing bright, broadband X-ray
radiation — known as betatron radiation — with characteristics similar to synchrotron light sources.

This PhD project aims to develop and optimize a plasma betatron X-ray source based on LWFA driven by
PW-class laser, with a specific focus on achieving high flux and spectral tunability suitable for spectroscopic
techniques. A key objective is to establish control over the source parameters (e.g., photon energy range,
bandwidth, and stability) through tailored laser-plasma interaction regimes and injection techniques.

In the second phase of the project, the developed source will be applied in X-ray absorption spectroscopy
(XAS) or X-ray emission spectroscopy (XES), particularly for probing matter under extreme conditions or
materials with complex electronic structure. This involves designing and implementing experimental
setups to exploit the unique temporal and spectral features of the betatron radiation.

The candidate will gain hands-on experience in high-power laser-plasma experiments, electron and
photon diagnostics, as well as X-ray spectroscopy techniques.
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Abstrakt:

Urychlovani elektron v laserovém plazmatu je kompaktni a vsestrannd metoda pro generovani
ultrakratkych impulzli, vysoce energetickych elektronli na centimetrovych vzdalenostech. Kdyz je
intenzivni femtosekundovy laserovy impulz zafokusovan do podkritického plazmatu, vytvofi se plazmova
vina (wakefield), ve které mohou byt elektrony zachyceny a urychleny na relativistické energie. Soucasné


mailto:jaroslav.nejdl@fjfi.cvut.cz
mailto:marcel.lamac@eli-beams.eu
mailto:jaroslav.nejdl@fjfi.cvut.cz
mailto:marcel.lamac@eli-beams.eu

prochazeji urychlené elektrony transverzalnimi oscilacemi v elektrickych polich plazmové viny, ¢imz vznika
jasné, Sirokopasmové rentgenové zareni — znamé jako betatronové zareni — s vlastnostmi podobnymi
synchrotronovym zdrojlim.

Cilem této disertacni prace je vyvinout a optimalizovat plazmovy betatronovy rentgenovy zdroj buzeny PW
laserem, se zvlastnim dlirazem na dosazZeni vysoké spektralni zafivosti a spektralni laditelnosti vhodné pro
spektroskopické aplikace. Klicovym cilem je fizeni parametrl zdroje (napf. rozsah energie fotond, Sifka
spektra a stabilita) pomoci cilenych rezimu interakce laseru s plazmatem a vhodnych injekénich technik.

Ve druhé fazi projektu bude vyvinuty zdroj pouZit pro rentgenovou absorpcéni spektroskopii (XAS) a
rentgenovou emisni spektroskopii (XES), zejména pro studium latek v extrémnich podminkdch nebo
materiald s komplexni elektronovou strukturou. To zahrnuje navrh a realizaci experimentalnich sestav
vyuzivajicich jedine¢né casové a spektralni vlastnosti betatronového zareni.

Kandidat ziska praktické zkusenosti s experimenty, diagnostikou elektron(, i rentgenového zareni, stejné
jako s rentgenovymi spektroskopickymi technikami.



