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Abstract
Understanding and quantitative description of fundamental processes in nature is the goal of physics. My research focuses
on ultra-fast dynamics in dense media. In tailored prototype systems, i.e. noble gas clusters, energy transfer processes can
be identified, and fingerprints of such processes can be revealed. With the help of these signatures one can search for
ultra-fast processes in biologically relevant dense media, e.g. liquid water.
As an introduction, I will discuss the interatomic Coulombic decay (ICD) and the radiative charge transfer (RCT) in
homogenous and heterogeneous Ne and Ar clusters upon inner-valence and inner-shell excitation. The main results are
that both processes show a large probability and an easily detectable fingerprint emission. Such an emission of a more
realistic system, i.e. liquid water in a liquid micro jet excited with soft X-rays, will be presented as an example for an ultra-
fast process. To unravel such processes, we develop state-of-the-art fundamental atomic, molecular and optical (AMO)
experimental techniques and benchmark those on simple perfectly characterizable atomic and molecular systems. These
include time dependent investigations of molecular systems, exemplified by an X-ray FEL pump-probe experiment on chiral
molecules. Here, I will illustrate that advanced machine learning based data evaluation is necessary and a scientific
endeavor itself.
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