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Sehr geehrte Damen und Herren,

in dem oben genannten Promotionsverfahren wird die Annahme der Dissertation

Supra-thermal ion emission of solid density ultra-short pulse laser plasma

von den Berichterstattenden Prof. Dr. G. Pretzler und Priv.-Doz. Dr. G. Lehmann beantragt. Sie kann
zusammen mit den Gutachten in der Zeit

vom 26.06.2026 bis 07.07.2026

eingesehen werden. Bitte wenden Sie sich zur Einsicht an das Promotionsbüro (promotionmnf@hhu.de).

Einsprüche gegen diese Dissertation können nur zwei Tage nach der vorgenannten Frist
geltend gemacht werden. Erfolgt kein Einspruch, so gilt die Dissertation als angenommen
(§ 7 Ziffer (5) PO).

Sofern die Dissertation angenommen wird, findet die mündliche Prüfung am

10.07.2026 um 12:30  Uhr

im Hörsaal 5 K statt. Als Prüferinnen bzw. Prüfer sind vorgesehen:
Prof. Dr. A. Pukhov, Prof. Dr. B. Hidding und Prof. Dr. J. Horbach.

Die Öffentlichkeit ist bei der Befragung zugelassen.

Mit freundlichen Grüßen
im Auftrag

Silke Krispin
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Unconfined, high-energy-density laser plasmas induced by ultra-short laser pulses are known to
emit broadband ion spectra in terms of species and their kinetic energy. Under the right conditions,
the interaction of such femtosecond laser pulses, in the sub 1018 W cm−2 regime, with a solid gener-
ates ion emission of bimodal nature, which consists of a slower thermal, and faster supra-thermal
part. The main objective of this thesis is to optimize the ion source in terms of the supra-thermal
emission and reveal information which they carry about early state plasma properties. Therefore,
the first sub-goal of this thesis is to develop an optimized diagnostic and evaluation scheme, which
is designed for this specific application.
The diagnostic of choice is the Thomson Parabola method, which is well studied for the particle
energies in the MeV range. In this work, however, the spectrometer is required to function down to
energies of a few keV. Advancing into this regime requires an accurate knowledge of the spectrom-
eter fields, which were precisely determined by simulations and measurements. Furthermore, the
dynamic range was substantially increased by adopting a compact electromagnet instead of a per-
manent one. We demonstrate how the field parameters can be chosen for obtaining exceptionally
broad spectra, while keeping the energy uncertainty minimal. With such a precise spectrometer,
together with the developed special numeric methods, we were able to study the conditions to ob-
tain supra-thermal ion emission.
Here, emphasis is placed on the laser intensity, fluence, and duration, and their influence on the
ion properties. For this purpose, supra-thermal emission is generated over a wide range of laser
parameters in single- and double-pulse configurations.
A key aspect of such plasmas is the high electron density paired with a steep density gradient at the
target-vacuum interface. These high densities result in fast thermodynamic equilibration, com-
pared to the time-frame of the emission. Thus, the results are analyzed using the Saha equations to
determine the prevalent plasma conditions during emission, assuming local thermodynamic equi-
librium (LTE). Thereby, the temporal and spatially localized nature of the ion ejection mechanism is
leveraged to obtain a snapshot of the plasma temperature and density in early states of the plasma.
Additionally, one dimensional hydrodynamic simulations were performed using the MULTI-FS code
to gain insight into the plasma evolution on picosecond timescales, to compare the results to the
experimental findings, and to reaffirm the LTE assumption. The presented results highlight the op-
timal laser conditions, as well as limitations, to improve the prospects of laser-based ion sources for
possible future applications.


