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1. Executive Summary 
 

The physical and chemical properties of matter are ruled by elementary processes that take 
place within a few femtoseconds (1 fs = 10-15 s). Ultrashort optical pulses and in particular the 
invention of the Ti:sapphire laser in 1982 made these timescales experimentally accessible. In 
recent years the wavelengths of ultrashort pulses have been pushed to the vacuum ultraviolet 
and X-ray regime. This has opened a plethora of new research areas at the frontier of ultrafast 
science. 

Based on these new developments and the concomitant scientific challenges and opportunities 
the Max Born Institute (MBI) established the graduate school Dynamics in New Light (DinL), 
which was funded from November 2011 to May 2015. The mission of DinL was to improve the 
education in the field of ultrafast X-ray science for graduate students with a degree in physics or 
chemistry. To this end, we brought together research groups of the MBI, the Berlin Universities, 
the Helmholtz-Zentrum-Berlin and the Fritz-Haber-Institut Berlin. Thereby research in XUV/X-ray 
high-harmonic generation and plasma science was combined with experimental efforts at 
synchrotron and Free Electron Laser sources. This created an effective channel for knowledge 
transfer between the laser and the FEL communities in both experiment and theory.  

In order to provide a broad basis for scientific exchange and education among students and 
supervisors and thereby increase the attractiveness of the graduate school we decided to open 
the school to associated members. Thereby we were able to significantly increase the number 
of permanent graduate students to 18, with up to 10 regularly funded by the Leibniz society.  
Thesis work covers the fields of structural dynamics, ultrafast phase transitions, dynamics in 
nanostructures and molecular systems. The individual thesis projects are described in short 
abstracts in Chapter 2. Lists of DinL publications and student talks at international conferences 
may be found in Appendices A and B.  

All PhD students profited from scientific and general job-skill training programs (Chapt. 3) and 
obtained travel support for their contributions on national and international workshops and 
conferences (Appendix B). In addition DinL covered a few experimental running costs. Besides 
series of scientific seminars, DinL PhD students organized a Spring School in 2012, a Young 
Investigators workshop on Ultrafast Dynamics in 2014, and a Workshop in 2015 (Appendices C, 
D, and E).  Furthermore, the PhD students of DinL joint courses and workshops of our Berlin 
partners, the Helmholtz Virtual Institute Dynamic Pathways in Multidimensional Landscapes and 
the International Max-Planck Research-School Complex Surfaces in Materials Science.     

Altogether DinL students published up to now 97 articles, 40 as first authors, with 23 % in high-
ranking journals (11 Physical Review Letters, 1 Journal of the American Chemical Society, and 
10 Nature Journals).  Moreover, the PhD students of DinL presented their scientific results in 
more than 100 contributions on national and international conferences. 

Mostly starting their Phd work in 2012, to date most of the PhD students have graduated (15 of 
18), and 33 % with summa cum laude. Based on their publication records we expect all 
graduate students to finish within 2016. 
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2. Graduate Students and Thesis Work 

Structural Dynamics 
1 Tobias Tyborski (MBI) Ultrafast mid-infrared responses of NaBH4, KDP in aqueous 

solution, and bulk plasmons in highly doped ZnO 
2 André Bojahr (UP) Nonlinear Phononics on the Nanoscale 
3 Michele Puppin (FHI) High-Harmonic generation-based XUV light source for time- 

and angle- resolved photoelectron spectroscopy at high 
repetition rates 

4 Melanie Müller (FHI) Probing currents and atomic structure in nanomaterials by 
femtosecond low-energy electrons 

5 Lutz Waldecker (FHI) Electron-lattice interactions in photoexcited solids 
 

 

Phase Transformations 
6 Michael Schneider (TUB) Nonlinear intensity scaling of the magnetic small-angle 

scattering signal under high-intensity, femtosecond X-ray 
pulses. 

7 Björn Frietsch (MBI and 
FUB) Magnetization Dynamics of Itinerant and Localized Electrons in 

Lanthanide Metals 
8 Dr. Daniel Wegkamp  

(FHI) Ultrafast electron dynamics and the role of screening 

9 Johannes Flick (FHI) Exact and approximate correlated Electron-Boson Dynamics 
10 Tanja Dimitrov (FHI) Exact Functionals on a Lattice 
 

Nanostructures 
11 T. Sverre Theuerholz 

(TUB) Theoretical description of hybrid systems 

12 Christopher Raschpichler 
(FUB) X-ray scattering and photoemission experiments of free 

nanoparticles 
13 Maria Müller (TUB) Ultrafast nanoplasma dynamics in clusters investigated with 

highly intense FEL pulses via ion spectroscopy and scattering 
techniques 

 

Molecular Systems 
14 Dr. Sascha Birkner (MBI) Strong Field Ionization of Atoms and Molecules: Electron-Ion 

Coincidence Measurements at High Repetition Rate 
15 Lisa Torlina (MBI) The analytical R-matrix approach to strong field dynamics 

16 Dr. Shiladitya Banerjee 
(UP) Time-dependent approach to molecular photophysics 

 Dr. Gernot Füchsel  (UP) Femtosecond-laser induced chemistry at metal surfaces 
17 Dr. Kristjan Kunnus 

(HZB) Probing dynamic pathways and electronic structure of 
coordination complexes with soft x-ray spectroscopy 

18 Dr. Simon Schreck (HZB) Potential Energy Surfaces, Femtosecond Dynamics and 
Nonlinear X-Ray-Matter Interactions from Resonant Inelastic 
Soft X-Ray Scattering 
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Structural Dynamics 

1. Tobias Tyborski  –  Max-Born-Institut Berlin / Humboldt-Universität zu Berlin 
Supervisor / Mentor: Thomas Elsässer (MBI) / Andreas Knorr (TUB) 

 
Ultrafast mid-infrared responses of NaBH4, KDP in aqueous solution, and bulk plasmons 
in highly doped ZnO 
In this work, the vibrational dynamics of BH4

-- and phosphate ions were studied with nonlinear 
infrared spectroscopy. A further topic was the non-equilibrium dynamic of bulk plasmons in n-
doped ZnO layer systems. Pump-probe techniques and 2D spectroscopy were applied. BH4

- 
ions are a key unit for the mobile storage of hydrogen and B-H vibrations essential to 
understand the uptake and release of hydrogen. A cascaded energy dissipation into the BH4

- 
environment from high- to low- frequency B-H vibrations was measured on a ps-timescale. 
Phosphates are the major hydration sites of biomolecules for which H2PO4

- ions represent a 
reference system. H2PO4

- (phosphate) vibrations decayed on a sub-ps-timescale and the 
distinct fluctuation dynamics of water led to homogeneously broadened line shapes. 
Furthermore, a strong nonlinear response of a bulk plasmon in a Ga-doped ZnO layer system 
was measured. It was caused by a sub-ps modification of the ensemble-averaged electron 
mass. 

 

2. André Bojahr –  Universität Potsdam 
Supervisor / Mentor: Matias Bargheer (UP) / Martin Wolf (FHI) 

 
Nonlinear Phononics on the Nanoscale 
Phonons are the quanta of lattice vibrations and the main heat carrying particles in 
semiconductors. The coupling of different phonon-modes in the high GHz until THz 
frequency range governs the thermal transport in such materials. 
In my thesis I invented experimental techniques to generate GHz narrow-band acoustic 
phonon wave packets with very high amplitudes. With these nanometric phonon wave 
packets I investigated the nonlinear phonon wave mixing. Using ultrafast x-ray 
diffraction and time-resolved Brillouin scattering I could demonstrate the second 
harmonic generation of such high frequency phonons as a first example of the new field 
“Nonlinear Phononics” as an analogue of nonlinear optics which summarizes a 
kaleidoscope of different nonlinear optical effects. 
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3. Michele Puppin  – Fritz-Haber-Institut der MPG / Freie Universität Berlin 
Supervisor / Mentor: Ralpg Ernstorfer (FHI) / Martin Weinelt (FU) 

 
High-Harmonic generation-based XUV light source for time- and angle- resolved 
photoelectron spectroscopy at high repetition rates 
The aim of this thesis is the development of an efficient femtosecond source with 500 kHz 
repetition rate, with a photon energy exceeding 20 eV. Such light pulses are used for time- and 
angle-resolved photoemission experiments (tr-ARPES) capable of accessing the full Brillouin 
zone of most materials.  The key component of the light source is an optical parametric chirped-
pulse amplifier (OPCPA) based on a hybrid fiber-slab Ytterbium-based laser system. The laser 
provides 30 μJ pulses with sub-20 fs duration, capable of High Harmonic Generation at 22 eV 
and 500 kHz repetition rate. The high-repetition rate enables superior counting statistics as only 
few photoelectrons per pulse can be detected before observing spectral distortions due to space 
charge effects. The system has been applied for mapping the unoccupied conduction band of 
WSe2 in the whole Brillouin zone of the material. 
 

4. Melanie Müller  – Fritz-Haber-Institut der MPG / Freie Universität Berlin 
Supervisor / Mentor: Ralph Ernstorfer (FHI) / Martin Weinelt (FU) 

 
Probing currents and atomic structure in nanomaterials by femtosecond low-energy 
electrons 

A novel concept for femtosecond point-projection microscopy (fsPPM) and low-energy electron 
diffraction (fsLEED) was developed utilizing laser-triggered nanotips as pulsed electron source, 
delivering either divergent or collimated electron wave packets in the sub-kV energy range. Due 
to the large scattering cross-section of low-energy electrons and their high sensitivity to electric 
fields, this approach allows for probing ultrafast currents and electric fields in nanoobjects as 
well as atomic structure in low-dimensional materials with femtosecond time resolution. As a 
proof-of-concept, we investigated photocurrents in axially p-i-n doped InP nanowires with 100 fs 
temporal and few 10 nm spatial resolution. As a major step towards increased spatio-temporal 
resolution, we further realized an ultrashort electron point source driven non-locally by surface 
plasmon polaritons launched 20 µm away from the tip apex triggering ultrafast electron emission 
from the apex upon broadband nanofocusing.   

 
5. Lutz Waldecker  – Fritz-Haber-Institut der MPG / Freie Universität Berlin 

Supervisor / Mentor: Ralph Ernstorfer (FHI) / Ludger Woeste (FU) 
 
Electron-lattice interactions in photoexcited solids 

In this project, a setup for femtosecond electron diffraction (FED) was developed and 
implemented. The technique was applied to study the energy transfer between electrons and 
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the crystal lattice in photoexcited materials. In Aluminium, it is found that the widely applied two-
temperature model, albeit being able to reproduce the shape of the data, is insufficient to 
microscopically describe the energy-flow. An advanced model was introduced (non-thermal 
lattice model), which captures the microscopic processes much better. In addition, the setup for 
FED is applied, together with optical pump – optical probe experiments, to study the 
photoinduced phase transition from the crystalline to the amorphous state in the phase change 
material GST. The data reveals that photoexcitation does not change the potential energy 
surface of the material, but has a drastic effect on the optical properties. The phase transition 
occurs thermally, i.e. by thermal melting of the material and subsequent interactions with the 
substrate. 

 

Phase Transformations 

6. Michael Schneider  – Technische Universität Berlin 
Supervisor / Mentor: Stefan Eisebitt (TUB) / Martin Weinelt (FU) 

 
Nonlinear intensity scaling of the magnetic small-angle scattering signal under high-
intensity, femtosecond X-ray pulses. 
We performed small-angle X-ray scattering experiments on magnetic thin-film samples using 
highly intense, ultrashort free-electron laser (FEL) radiation. For this type of experiment, we 
developed a novel sample design with a monolithically integrated fluence monitor. Using this, 
we carried out the first systematic study on the nonlinear scaling of the resonant magnetic 
scattering cross-section, covering a fluence range of 0.1mJ/cm² to 10mJ/cm² per sub-100fs FEL 
pulse. Our study revealed a strongly nonlinear behavior of the scattering cross-section. The high 
quality of our dataset allows for quantitative comparison with different proposed mechanisms 
including ultrafast demagnetization and increased forward scattering by stimulated emission. 

 

7. Björn Frietsch  –  Freie Universität Berlin 
Supervisor / Mentor: Martin Weinelt (FUB) / Karsten Horn (FHI) 
 

Magnetization Dynamics of Itinerant and Localized Electrons in Lanthanide Metals 
My thesis focuses on the ultrafast dynamics of electronic excitations in solids and how they are 
influenced by the screening of the Coulomb interaction between charged particles. The manifold 
impact of screening on electron dynamics, ranging from modifications of electron-electron 
scattering rates over trapping of excess charges to massive renormalization of electronic band 
structures is investigated via ultrafast time-resolved spectroscopy techniques in three exemplary 
systems. Most prominently, a photoinduced change of screening is identified as the driving 
mechanism of the ultrafast insulator-metal transition in VO2. Further studies of electron 
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dynamics in SrTiO3 and amorphous ice layers illustrate the general impact of screening of the 
Coulomb interaction, ranging from fundamental processes to photochemistry. 

 
 
8. Daniel Wegkamp  –  Fritz-Haber-Institut der MPG / Freie Universität Berlin 

Supervisor / Mentor: Julia Stähler and Martin Wolf (FHI) / Martin Weinelt (FUB) 

 
Ultrafast electron dynamics and the role of screening 
My thesis focuses on the ultrafast dynamics of electronic excitations in solids and how they are 
influenced by the screening of the Coulomb interaction between charged particles. The manifold 
impact of screening on electron dynamics, ranging from modifications of electron-electron 
scattering rates over trapping of excess charges to massive renormalization of electronic band 
structures is investigated via ultrafast time-resolved spectroscopy techniques in three exemplary 
systems. Most prominently, a photoinduced change of screening is identified as the driving 
mechanism of the ultrafast insulator-metal transition in VO2. Further studies of electron 
dynamics in SrTiO3 and amorphous ice layers illustrate the general impact of screening of the 
Coulomb interaction, ranging from fundamental processes to photochemistry. 

 

9. Johannes Flick – Fritz-Haber-Institut der Max-Planck-Gesellschaft Berlin 
Supervisor / Mentor: A. Rubio (FHI) / Th. Elsaesser (MBI) 
 

Exact Nonadiabatic Many-Body Dynamics: Electron-Phonon Coupling in Photoelectron 
Spectroscopy and Light-Matter Interactions in Quantum Electrodynamical Density-
Functional Theory 

Many natural and synthetic processes triggered by the light-matter interaction are routinely 
explained by employing various approximations. In the first part of this work, we assess the 
validity of the Born-Oppenheimer approximation (BOA) in photoelectron spectra and show that 
spurious peaks appear for the spectral function in the BOA. This artificial effect can be attributed 
to the factorized nature of the BOA. In the second part of this work, we apply a generalized 
time-dependent density functional theory (QEDFT) to describe electron-photon systems fully 
quantum mechanically. We focus on the exact electron-photon exchange-correlation (xc) 
contribution in real space using fixed-point inversions and assess the quality of the first 
approximate xc potential based on an optimized effective potential approach in comparison to 
the semi-classical (mean-field) approximation. This work has implications on new research lines 
at the interface between materials science and quantum optics. 
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10. Tanja Dimitrov  –  Fritz-Haber-Institut der Max-Planck-Gesellschaft Berlin 

Supervisor / Mentor: A. Rubio (FHI) / Th. Elsaesser (MBI) 

 
Exact Functionals on a Lattice 

We employ exact diagonalization for an one-dimensional H2 model molecule and a two-site 
lattice model on a real-space lattice to explicitly construct the exact density-to-potential map of 
density functional theory and compare it to the density-to-potential map in local density 
approximation (LDA). The exact maps of both, the two-site model and the one-dimensional H2 
molecule, show similar qualitative features missing in the LDA maps. For the two-site model, we 
also construct the exact density-to-wavefunction map that underly the Hohenberg-Kohn theorem 
in density functional theory. Having the explicit wavefunction-to-density map at hand, we are 
able to construct arbitrary observables as functionals of the ground-state density. We analyze 
the density-to-potential map, the density-to-wavefunction map and the (arbitrary) observable-to-
density map as the correlation in the system grows. This work opens the possibility to construct 
new functionals using a coarse-grained approach. 

 

Nanostructures 

 
10. T. Sverre Theuerholz – Technische Universität Berlin 

Supervisor / Mentor: Andreas Knorr (TUB) / Martin Wolf (FHI) 
  
Theoretical description of hybrid systems 
In this work, we investigate hybrid materials of quantum dots/molecules coupled to metallic 
nanostructures. Within a fully quantized theory, the coupling between the individual constituents 
and their collective excitations is analyzed.  Calculated observables include the 
coherent response and the secondary emisson after laser excitation, whereas the emission 
statistics is analyzed using the second order photon-photon correlation function. The developed 
theory is tested by a direct comparison to the temporal fluorescence dynamics of a variety of 
quantum dot/metal hybrids, also we find that the photon emission statistics can be strongly 
tuned by varying the dipole-dipole interaction between two QDs coupled to a metall structure. 
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11. Christopher Raschpichler  –  Freie Universität Berlin 
Supervisor / Mentor: Eckhart Rühl and Jürgen Plenge (FUB) / Marc Vrakking (MBI) 
 

X-ray scattering and photoemission experiments on free nanoparticles 
Elastic X-ray scattering and photoemission experiments are performed on free nanoparticles in 
a beam in vacuum. Three novel aspects of the interaction of free nanoparticles with X-rays and 
femtosecond laser pulses are studied: (i) Relaxation mechanisms of SiO2 nanoparticles (d=100 
nm) are studied after excitation with femtosecond UV pulses (hv=4.6-7.7 eV). (ii) Elastic X-ray 
scattering in the angle range 1-80° is measured, which gives detailed insight into the electronic 
and geometric properties of SiO2 nanoparticles as a function of their size, surface roughness, 
porosity, and functionalization. (iii) Surface segregation in mixed NaCl/Na2SO4 nanoscale 
aerosols (d=70 nm) is probed by soft X-ray photoelectron spectroscopy, where insight is gained 
into the surface properties of these atmospheric model systems. 
 
12. Maria Müller – Technische Universität Berlin 

Supervisor / Mentor: Thomas Möller (TUB) / Marc Vrakking (MBI) 

 
Time resolved studies of ultrafast nanoplasma dynamics in clusters investigated with 
highly intense NIR and XUV pulses via ion spectroscopy and scattering techniques  
The interaction with highly intense light pulses transfers all matter immediately into a highly 
ionized state and thereby initializes its destruction. To investigate its dynamics in large Xe 
clusters single particle spectroscopy is combined with coherent diffraction imaging in single-
pulse and pump-probe setups. Single particle experiments, common in the XUV and x-ray 
regime, overcome the limits set by averaging over focal density and cluster size distribution. 
Within this thesis, this approach has been transferred for the first time to the NIR regime where 
it allows to retrace the theoretical concepts for hydrodynamic expansion in great detail in 
experimental data. Within the pump-probe setup signatures of strongly enhanced absorption 
during different states of expansion are found, e.g. surface plasmon effects and emerging 
shockwaves, if the XUV-FEL pulse precedes the NIR pulse. In contrast, if the pulse order is 
reversed, a high level of transparency for the FEL can be temporarily induced by the NIR pulse.  

 

Molecular Systems 

 
13. Sascha Birkner  – Max-Born-Institut / Freie Universität Berlin 

Supervisor / Mentor: Marc Vrakking (MBI) / Eckhart Rühl (FUB) 

 
Strong Field Ionization of Atoms and Molecules: Electron-Ion Coincidence 
Measurements at High Repetition Rate 
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The combination of strong few-cycle laser pulses with a reaction microscope, a spectrometer 
capable of detecting the momentum-vectors of all charged particles that emerge from ionization 
or dissociation processes in coincidence, enables precise and detailed investigations of strong 
field processes that occur in atoms and small molecules. We combined a reaction microscope 
with a 400 kHz high repetition rate NOPA-system delivering strong few-cycle laser pulses to 
study multi-electron dynamics in strong field ionization experiments. 
Experiments on strong field ionization of polyatomic molecules (butadiene and n-butane), 
revealed that different ionic states are populated during the strong field ionization and hinted 
towards a break-down of the single active electron approximation in polyatomic molecules. 
 
 
14. Lisa Torlina  –  Max-Born-Institut / Technische Universität Berlin 

Supervisor / Mentor: Olga Smirnova (MBI) / P. Saalfrank (UP) 
 
The analytical R-matrix approach to strong field dynamics 

In this work, we present a new theoretical framework for describing the electron dynamics 
induced when an atom or molecule is exposed to a strong low frequency laser field, focusing 
especially on strong field ionization. Once the basic formalism of our theory – known as the 
Analytical R-Matrix (ARM) – is established for both single- and multi-electron systems, we move 
on to a more detailed investigation of its predictions and physical interpretation. Focusing on 
circularly polarized fields, we study the effects of the ionic core on the outgoing electron and 
validate our theory by comparing our results with exact ab initio numerical calculations. Finally, 
we apply ARM to analyze the physics behind the attoclock experiment. Doing so, we are able to 
address the question of tunnelling time delays and – by calibrating the attoclock for the one-
electron case – open the way to study multielectron dynamics. 

 
15. Shiladitya Banerjee / Gernot Füchsel  –  Universität Potsdam 

Supervisor / Mentor: Peter Saalfrank and T. Klamroth / Angel Rubio (FHI / MPSD) 
 

Time-dependent approach to molecular photophysics / Femtosecond-laser 
induced chemistry at metal surfaces 
The topic of S. Banerjee's research was to develop and apply time-dependent methods for 
vibronic, non-adiabatic spectra for molecules of medium size (50-100 atoms). In particular, 
vibrationally resolved electronic absorption and fluorescence emission spectra as well as 
resonance Raman (rR) spectra were to be determined for molecules such as β-carotene 
(C40H56, 96 atoms) or so-called diamondoids (e.g., pentamantane, C26H32, 58 atoms). Concrete 
reasons for our interest in the photophysics of these species were anomalies and / or special 
features in resonance Raman spectra as determined experimentally (for β-carotene and also for 
modified diamondoids, work of Hildebrandt and Maultzsch groups, TU Berlin), or their potential 
to serve as materials with tailor-made optoelectronic properties (in case of diamondoids, work of 
Möller group at TU Berlin). A numerical challenge when adopting the “usual” time-independent 
(Golden Rule type) methods to compute vibronic spectra for molecules with many atoms, is the 
exponential increase of the number of Franck-Condon factors (absorption, emission) or 
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products of dipole matrix elements (resonance Raman), respectively. A possible workaround is 
using time-dependent methods instead as popularized by Heller and coworkers in the 1980's, 
where vibronic spectra are obtained from Fourier transforms of time-dependent auto-correlation 
functions (absorption, emission) and cross-correlation functions (resonance Raman), 
respectively. S. Banerjee has written programs in which this approach is realized within the 
harmonic approximation for multi-mode problems, by taking geometry and frequency shifts as 
well as the so-called Duschinsky rotation (mode mixing) into account. He was then able to 
explain a previously not understood anomaly measured in the rR spectra of β-carotene. As a 
second application, absorption, emission and rR spectra for a large class of pristine and also 
artificial, diamondoids were determined. [Quite recently, this method was also applied to 
functionalized diamondoids with the goal to tune optoelectronic properties of these materials 
(Banerjee, Stüker, Saalfrank, submitted to Phys. Chem. Chem. Phys.).] 

A topic of Gernot Füchsel's project during his membership in DinL was the quantum mechanical 
simulation of laser induced desorption of H2 from a Ru(0001) surface (experiments: Wolf group, 
FHI Berlin). A three-dimensional, two-state wavepacket model was applied in to study the 
energy distribution as well as the state-resolved ensemble properties of the desorbed 
molecules. Here, the coupling of electronic degrees of freedom (of the metal surface) to 
molecular degrees of freedom is essential. In a related side-project, the role of adsorbate-metal 
electron couplings on the scattering and dissociation of H2 at Ru(0001) was also studied, using 
a Langevin molecular dynamics approach. Finally, a six-dimensional potential energy surface 
based on density functional was developed for CO interacting with Ru(0001), for later use in 
femtosecond-laser induced dynamics.  

 
16. Kristjan Kunnus  – Helmholtz-Zentrum Berlin und Universität Potsdam 

     Supervisor / Mentor: Philippe Wernet (HZB) / Wolfgang Sandner (MBI) 

 
Probing dynamic pathways and electronic structure of coordination complexes with soft 
x-ray spectroscopy 
In this thesis static and time-resolved resonant inelastic x-ray scattering (RIXS) was utilized to 
study electronic structure and photo-induced dynamics of 3d transition metal coordination 
complexes (TM-complexes) in solution. Multidimensional RIXS spectroscopy was developed for 
performing time-resolved liquid phase experiments at the x-ray free electron laser light sources 
and novel ab initio calculations are applied to simulate the metal L2,3-edge RIXS spectra. 
Results from two types of systems are presented in this thesis. First, the interplay between inter-
atomic solute-solvent and intra-atomic multiplet interactions is investigated in TM-ion aqueous 
solutions. Secondly, a novel femtosecond time-resolved Fe L3-edge RIXS technique at the 
LCLS x-ray free electron laser light source was utilized to investigate the photoreaction following 
a metal-to-ligand charge transfer excitation of a prototypical metal carbonyl compound Fe(CO)5 
in ethanol. 
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17. Simon Schreck –  Helmholtz-Zentrum Berlin und Universität Potsdam 
Supervisor / Mentor: Alexander Föhlisch (HZB) / Peter Saalfrank (UP) 

 

Potential Energy Surfaces, Femtosecond Dynamics and Nonlinear X-Ray-Matter 
Interactions from Resonant Inelastic Soft X-Ray Scattering 
In this project novel methodological concepts of resonant inelastic x-ray scattering (RIXS) in the 
soft x-ray regime have been investigated and developed. The intrinsic fs duration of the RIXS 
process provides sensitivity to dynamical processes in the studied system on the fs timescale. 
The sensitivity of RIXS to fs nuclear dynamics in the OH group of liquid alcohols has been 
investigated. Furthermore it was demonstrated how ground state potential energy surfaces 
around selected atomic sites can be mapped by RIXS. This is becoming possible due to 
advances in soft x-ray beamlines and spectrometers that enable vibrational resolution. The 
ultrahigh peak brilliance available at x-ray free-electron lasers opens up possibilities to transfer 
nonlinear spectroscopic techniques from the optical and infrared into the x-ray regime. We 
showed that for an x-ray pulse length comparable to the core hole lifetime stimulated x-ray 
scattering is possible. This can be used to greatly enhance signal levels in RIXS experiments. 
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DinL – Training Program 
 

Scientific Workshops 

DinL Symposium 2012 - 2013 

During the terms in 2012 and 2013 we had in addition to regular talks in the group seminars of 
the supervisors and the mentors a series of monthly colloquia.  Alternatingly, all graduate 
students organized at their institution these meetings. After a tour through the institution and a 
visit of the labs, graduate students gave talks about their PhD working-plans and first results. 
The colloquia were completed by an extended 90 minutes tutorial and scientific lecture from an 
invited speaker. 

Spring school 2012 

In April 2012 the DinL graduate students Maria Müller and Michael Schneider from TUB 
organized a four-day scientific Spring School. Students retreated at the seminar hotel Villago in 
Eggersdorf near Berlin. Extended lectures were given by 11 external speakers and 5 
supervisors of DinL. They introduced in the topics investigated by the graduate students of DinL. 
Ample time was reserved for extended discussions. The program may be found in Appendix C. 

Young Investigators Workshop on Ultrafast Dynamics 2014  

In March 2014 we organized a five-day young investigators workshop and retreat at the 
Winklmoosalm (Reit im Winkl, Germany) together with the Helmholtz Virtual Institute. Besides 4 
extended tutorials, every participant gave a 30 minutes presentation. Outdoor activities 
stimulated plenty of scientific discussion. The format of the winter school was a big success and 
repeated by the Virtual Institute in 2015. The program may be found in Appendix D. 

DinL – Concluding Workshop 2015 

A two-day concluding workshop was organized at the Max-Bon-Institute in 2015. Key lectures of 
the three MBI directors and of three invited external speakers framed the final reports of the 
DinL graduate students. The excellent talks attracted a large audience from MBI and from the 
participating groups. The program may be found in Appendix E. 

 

Job-Skill Trainings 

Besides the regular group seminars and teaching courses offered by the supervisors, DinL 
organized courses related to scientific presentation and job-skills. 

Seminars by Scientists on Scientific Presentation and Publication 

• Presentation techniques (Martin Weinelt, FUB) 
• How to write a good abstract. Some do's and don'ts  (Karsten Reuther, TU München) 
• Paper writing (Nacho Pascual, NanoGUNE, San Sebastian, Spain) 
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Coaching of Job Skills by External Teachers 
 

• 2-day Workshop on paper writing by Dr. Katherine Tiede (Scientific Communication 
Seminars and Consulting) 
Content: Introduction to scientific writing, logic and structure of papers, create a story, 
draw interest, distinguish between good and bad papers in your field, practical training: 
witing and correcting manuscripts 
 
 

• 1-day Application seminar by Wolfgang Träger (Eigen.schafft 
Unternehmensentwicklung)  

Content: Supervision and realization of a work shop „How graduate students increase 
their chance to be hired in industry by an optimal application” 

 

• 1-day Presentation workshop by Steve Weir (FU career service) 
 

Content: speaking without notes, non-verbal communication (body language), using 
communication media, dealing with unwelcome speech situations and planning of a 
presentation 

 
 
Appendix A: List of Publications 
 

2011 

[1] S. Schreck, G. Gavrila, C. Weniger, P. Wernet, A sample holder for soft x-ray absorption 
spectroscopy of liquids in transmission mode, Rev. Sci. Instrum. 82, 103101 (2011). 

[2] J. Plenge, A. Wirsing, C. Raschpichler, B. Wassermann, and E. Rühl, Control of Coherent 
Excitation of Neon in the Extreme Ultraviolet Regime, Faraday Discuss., 153, 361 (2011).      

[3] D. Wegkamp, D. Brida, S. Bonora, G. Cerullo, J. Stähler, M. Wolf and S. Wall, Phase retrieval 
and compression of low-power white-light pulses, App. Phys. Lett. 99, 101101 (2011). 

2012 

[4] R. Carley, K. Döbrich, B. Frietsch, C. Gahl, M. Teichmann, O. Schwarzkopf, P. Wernet and M. 
Weinelt, Femtosecond Laser Excitation Drives Ferromagnetic Gadolinium out of Magnetic 
Equilibrium, Phys. Rev. Lett. 109, 057401 (2012). 

[5] A. Paarmann, M. Gulde, M. Müller, S. Schäfer, S. Schweda, M. Maiti, C. Xu, T. Hohage, F. 
Schenk, C. Ropers, and R. Ernstorfer, Coherent femtosecond low-energy single-electron pulses 
for time-resolved diffraction and imaging: A numerical study, J. Appl. Phys. 112, 113109 (2012). 

[6] I. Josefsson, K. Kunnus, S. Schreck, A. Föhlisch, F.M.F. de Groot, P. Wernet, M. Odelius, Ab 
Initio Calculations of X-ray Spectra: Atomic Multiplet and Molecular Orbital Effects in a 
Multiconfigurational SCF Approach to the L-Edge Spectra of Transition Metal Complexes, J. 
Phys. Chem. Lett. 3, 3565 (2012). 



14 
 

[7] K. Kunnus, I. Rajkovic, S. Schreck, W. Quevedo, S. Eckert, M. Beye, E. Suljoti, C. Weniger, C. 
Kalus, S. Grübel, M. Scholz, D. Nordlund, W. Zhang, R.W. Hartsock, K.J. Gaffney, W.F.  
Schlotter, J.J. Turner, B. Kennedy, F. Hennies, S. Techert, P. Wernet, A. Föhlisch, A setup for 
resonant inelastic soft x-ray scattering on liquids at free electron laser light sources, Rev. Sci. 
Instrum. 83, 123109 (2012). 

[8] P. Wernet, K. Kunnus, S. Schreck, W. Quevedo, R. Kurian, S. Techert, F.M.F. de Groot, M. 
Odelius, A. Föhlisch, Dissecting Local Atomic and Intermolecular Interactions of Transition-
Metal Ions in Solution with Selective X-ray Spectroscopy, J. Phys. Chem. Lett. 3, 3448 (2012). 

[9] L. Torlina, and O. Smirnova, Time-dependent analytical R-matrix approach for strong-field 
dynamics. I. One-electron systems, Phys. Rev. A 86, 043408 (2012). 

[10] L. Torlina, M. Ivanov, Z. B. Walters, and O. Smirnova, Time-dependent analytical R-matrix 
approach for strong-field dynamics. II. Many-electron systems, Phys. Rev. A 86, 043409 (2012). 

[11] S. Banerjee, D. Kröner, and P. Saalfrank, Resonance Raman and vibronic absorption spectra 
with Duschinksy rotation from a time-dependent perspective: Application to β-carotene, J. 
Chem. Phys. 137, 22A534 (2012). 

[12] S. Wall, D. Wegkamp, L. Foglia, K. Appavoo, J. Nag, R. F. Haglund Jr, J. Stähler and M.Wolf, 
Ultrafast changes in lattice symmetry probed by coherent phonons, Nature Communications 3, 
721 (2012). 

2013 

[13] A. Bojahr, M. Herzog, S. Mitzscherling, L. Maerten, D. Schick, J. Goldshteyn, W. Leitenberger, 
R. Shayduk, P. Gaal and M. Bargheer, Brillouin scattering of visible and hard X-ray photons 
from optically synthesized phonon wavepackets , Opt. Express 21, 21188 (2013). 

[14] D. Schick, R. Shayduk, A. Bojahr, M. Herzog, C. von Korff Schmising, P. Gaal and M. 
Bargheer, Ultrafast reciprocal-space mapping with a convergent beam, Journal of Applied 
Crystallography 46, 1372 (2013). 

[15] D. Schick, A. Bojahr, M. Herzog, P. Gaal, I. Vrejoiu and M. Bargheer, Following Strain-Induced 
Mosaicity Changes of Ferroelectric Thin Films by Ultrafast Reciprocal Space Mapping, Phys. 
Rev. Lett. 110, 095502 (2013). 

[16] R. Shayduk, M. Herzog, A. Bojahr, D. Schick, P. Gaal, W. Leitenberger, H. Navirian, M. 
Sander, J. Goldshteyn, I. Vrejoiu and M. Bargheer, Direct time-domain sampling of subterahertz 
coherent acoustic phonon spectra in SrTiO3 using ultrafast x-ray diffraction, Phys. Rev. B 87, 
184301 (2013). 

[17] G. Füchsel, J.C. Tremblay, T. Klamroth, and P. Saalfrank, “Quantum dynamical simulations of 
the femtosecond-laser induced desorption of H2 and D2 from Ru(0001)”, Chem. Phys. Chem. 
14, 1471 (2013).  

[18] G. Füchsel, S. Schimka, and P. Saalfrank, “On the role of electronic friction for dissociative 
adsorption and scattering of hydrogen molecules at a Ru(0001) surface”, J. Phys. Chem. A 117, 
8761 (2013). 

[19] F.J. Furch, S. Birkner, F. Kelkensberg, A. Giree, A. Anderson, C.P. Schulz and M.J.J. Vrakking, 
Carrier-envelope phase stable few-cycle pulses at 400 kHz for electron-ion coincidence 
experiments, Optics Express 21, 22671 (2013).     

[20] F. J. Furch, S. Birkner, J. H. Jungmann, F. Kelkensberg,C.P. Schulz, A. Rouzée, M.J.J. 
Vrakking, Photoelectron imaging of XUV photoionization of CO2 by 13-40 eV synchrotron 
radiation, J. Chem. Phys. 139, 124309 (2013). 

[21] B. Frietsch, R. Carley, K. Döbrich, C. Gahl, M. Teichmann, O. Schwarzkopf, P. Wernet and M. 
Weinelt, A high-order harmonic generation apparatus for time- and angle-resolved 
photoelectron spectroscopy, Rev. Sci. Instrum. 84, 075106 (2013). 



15 
 

[22] M. Müller, A. Paarmann, C. Xu, and R. Ernstorfer, Coherent electron source for ultrafast 
electron diffraction and imaging, EPJ Web of Conferences 41, 10007 (2013),  

[23] S. Lüneburg, M. Müller, A. Paarmann and R. Ernstorfer, Microelectrode for energy and current 
control of nanotip field electron emitters, Appl. Phys. Lett. 103, 213506 (2013). 

[24] F. Büttner, M. Schneider, C. M. Günther, C. A. F. Vaz, B. Lägel, D. Berger, S. Selve, M. Kläui 
and S. Eisebitt, Automatable sample fabrication process for pump-probe X-ray holographic 
imaging, Opt. Express 21, 30563 (2013). 

[25] L. Müller, S. Schleitzer, C. Gutt, B. Pfau, S. Schaffert, J. Geilhufe, C. von Korff Schmising, M. 
Schneider, C. M. Günther, F. Büttner, F. Capotondi, E. Pedersoli, S. Düsterer, H. Redlin, A. Al-
Shemmary, R. Treusch, J. Bach, R. Frömter, B. Vodungbo, J. Gautier, P. Zeitoun, H. Popescu, 
V. Lopez-Flores, N. Beaulieu, F. Sirotti, N. Jaouen, G. Malinowski, B. Tudu, K. Li, J. Lüning, H. 
P. Oepen, M. Kiskinova, S. Eisebitt and G. Grübel, Ultrafast Dynamics of Magnetic Domain 
Structures Probed by Coherent Free-Electron Laser Light, Sync. Rad. News 26, 27 (2013). 

[26] S. Schaffert, B. Pfau, J. Geilhufe, C. M. Günther, M. Schneider, C. von Korff Schmising and S. 
Eisebitt, High-resolution magnetic-domain imaging by Fourier transform holography at 21 nm 
wavelength, New J. Phys. 15, 093042 (2013). 

[27] F. Büttner, C. Moutafis, A. Bisig, P. Wohlhüter, C. M. Günther, J. Mohanty, J. Geilhufe, M. 
Schneider, C. v. Korff Schmising, S. Schaffert, B. Pfau, M. Hantschmann, M. Riemeier, M. 
Emmel, S. Finizio, G. Jakob, M. Weigand, J. Rhensius, J. H. Franken, R. Lavrijsen, H. J. M. 
Swagten, H. Stoll, S. Eisebitt, and M. Kläui, Magnetic states in low-pinning high-anisotropy 
material nanostructures suitable for dynamic imaging, Phys. Rev. B 87, 134422 (2013). 

[28] K. Kunnus, I. Josefsson, I. S. Schreck; W. Quevedo, P.S. Miedema, S. Techert, F.M.F. de 
Groot, M. Odelius, P. Wernet, A. Föhlisch, From ligand fields to molecular orbitals: probing the 
local valence electronic structure of Ni(2+) in aqueous solution with resonant inelastic X-ray 
scattering, J. Phys. Chem. B 117, 16512 (2013). 

[29] R. Mitzner, J. Rehanek, J. Kern, S. Gul, J. Hattne, T. Taguchi, R. Alonso-Mori, R. Tran, C. 
Weniger, H. Schröder, W. Quevedo, H. Laksmono, R.G. Sierra, G. Han, B. Lassalle-Kaiser, S. 
Koroidov, K. Kubicek, S. Schreck, K. Kunnus, M. Brzhezinskaya, A. Firsov, M.P. Minitti, J.J. 
Turner, S. Moeller, N.K. Sauter, M. J. Bogan, D. Nordlund, W.F. Schlotter, J. Messinger, A. 
Borovik, S. Techert, M.F.M. de Groot, A. Föhlisch, A. Erko, U. Bergmann, V.K. Yachandra, P. 
Wernet, J. Yano, L-Edge X-ray Absorption Spectroscopy of Dilute Systems Relevant to 
Metalloproteins Using an X-ray Free-Electron Laser. J. Phys. Chem. Lett. 4, 3641 (2013). 

[30] M. Beye, S. Schreck, F. Sorgenfrei, C. Trabant, N. Pontius, C. Schüßler-Langeheine, W. Wurth, 
A. Föhlisch, Stimulated X-ray emission for materials science, Nature  501, 191 (2013). 

[31] R. Könnecke, R. Follath, N. Pontius, J. Schlappa, F. Eggenstein, T. Zeschke, P. Bischoff, J.-S. 
Schmidt, T. Noll, C. Trabant, S. Schreck, P. Wernet, S. Eisebitt, F. Senf, C. Schüßler-
Langeheine, A. Erko, A. Föhlisch, A. The confocal plane grating spectrometer at BESSY II. J. 
Electron Spectros. Relat. Phenomena 188, 133 (2013). 

[32] P. Wernet, M. Beye, F.M.F. de Groot, S. Düsterer, K. Gaffney, S. Grübel, R. Hartsock, F. 
Hennies, I. Josefsson, B. Kennedy, K. Kunnus, T. Leitner, T. Mazza, M. Meyer, D. Nordlund, 
M. Odelius, W. Quevedo, P. Radcliffe, I. Rajkovic, B. Schlotter, M. Scholz, S. Schreck, E. 
Suljoti, S. Techert, J. Turner, C. Weniger, W. Zhang, A. Föhlisch, Mapping chemical bonding of 
reaction intermediates with femtosecond X-ray laser spectroscopy, EPJ Web Conf. 41, 05025 
(2013). 

[33] L. Torlina, J. Kaushal, and O. Smirnova, Time-resolving electron-core dynamics during strong-
field ionization in circularly polarized fields, Phys. Rev. A 88, 053403 (2013) 

[34] T. S. Theuerholz, A. Carmele, M. Richter, and A. Knorr, Influence of Förster interaction on light 
emission statistics in hybrid systems, Phys. Rev. B 87, 245313 (2013). 



16 
 

[35] T. Tyborski, C. Merschjann, S. Orthmann, F. Yang, M.-Chr. Lux-Steiner, and Th. Schedel-
Niedrig, “Crystal structure of polymeric carbon nitride and the determination of its process-
temperature-induced modifications”, J. Phys.: Condens. Matter 25, 395402 (2013). 

[36] C. Merschjann, T. Tyborski, S. Orthmann, F. Yang, K. Schwarzburg, M. Lublow, M.-Chr. Lux-
Steiner, and Th. Schedel-Niedrig, “Photophysics of polymeric carbon nitride: An optical 
quasimonomer”, Phys. Rev. B 87, 205204 (2013). 

[37] S. Wall, L. Foglia, D. Wegkamp, K. Appavoo, J. Nag, R. F. Haglund Jr, J. Stähler and M. Wolf, 
Tracking the evolution of the electronic and structural properties of VO2 during the ultrafast 
photoinduced insulator-metal transition, Phys. Rev. B 87, 115126 (2013). 

[38] D. Wegkamp, M. Meyer, C. Richter, M. Wolf, and J. Stähler, Photoinduced work function 
modifications and their effect on photoelectron spectroscopy, Appl. Phys. Lett. 103, 151603 
(2013). 

2014 

[39] S. Banerjee and P. Saalfrank, Vibrationally resolved absorption, emission and resonance 
Raman spectra of diamondoids: A study based on time-dependent correlation functions, Phys. 
Chem. Chem. Phys. 16, 144 (2014). 

[40] J. Goldshteyn, A. Bojahr, P. Gaal, D. Schick and M. Bargheer, Selective preparation and 
detection of phonon polariton wavepackets by stimulated Raman scattering , Physica status 
solidi (b) 251, 821 (2014). 

[41] P. Gaal, D. Schick, M. Herzog, A. Bojahr, R. Shayduk, J. Goldshteyn, H. A. Navirian, W. 
Leitenberger, I. Vrejoiu, D. Khakhulin, M. Wulff and M. Bargheer, Ultrafast Switching of hard X-
rays, J. Synchrotron Rad., 21, 380 (2014). 

[42] D. Schick, A. Bojahr, M. Herzog, C. von Korff Schmising, R. Shayduk and M. Bargheer, 
udkm1Dsim - A Simulation Toolkit for 1D Ultrafast Dynamics in Condensed Matter, Comput. 
Phys. Commun. 185, 651 (2014). 

[43] D. Schick, M. Herzog, A. Bojahr, W. Leitenberger, A. Hertwig, R. Shayduk and M. Bargheer, 
Ultrafast lattice response of photoexcited thin films studied by X-ray diffraction, Structural 
Dynamics 1, 6 (2014). 

[44] J. Flick, H. Appel, and A. Rubio, Nonadiabatic and Time-Resolved Photoelectron Spectroscopy 
for Molecular Systems, Journal of Chemical Theory and Computation 10, 1665-1676 (2014). 

[45] M. Ruggenthaler, J. Flick, C. Pellegrini, H. Appel, I.V. Tokatly, and A. Rubio, Quantum-
electrodynamical density-functional theory: Bridging quantum optics and electronic-structure 
theory, Phys. Rev. A 90, 012508 (2014). 

[46] G. Füchsel, J.C. Tremblay, and P. Saalfrank, A six-dimensional potential energy surface for 
Ru(0001)(2x2):CO, J. Chem. Phys. 141, 094704 (2014). 

[47] M. Müller, A. Paarmann and R. Ernstorfer, Femtosecond electrons probing currents and atomic 
structure in nanomaterials, Nature Communications 5, 5292 (2014). 

[48] C. von Korff Schmising, B. Pfau, M. Schneider, C. M. Günther, M. Giovannella, J. Perron, B. 
Vodungbo, L. Müller, F. Capotondi, E. Pedersoli, N. Mahne, J. Lüning, and S. Eisebitt, Imaging 
ultrafast demagnetization dynamics after a spatially localized optical excitation, Phys. Rev. Lett. 
112, 217203 (2014). 

[49] J. Geilhufe, B. Pfau, M. Schneider, F. Büttner, C.M. Günther, S. Werner, S. Schaffert, E. 
Guehrs, S. Frömmel, M. Kläui and S. Eisebitt, Monolithic focused reference beam X-ray 
holography, Nature Communications 5, 3008 (2014). 

[50] J. Meibohm, S. Schreck, P. Wernet, Temperature Dependent Soft X-ray Absorption 
Spectroscopy of Liquids, Rev. Sci. Instrum. 85, 103102 (2014). 



17 
 

[51] S. Schreck, M. Beye, J. A. Sellberg, T. McQueen, H. Laksmono, B. Kennedy, S. Eckert, D. 
Schlesinger, D. Nordlund, H. Ogasawara, R.G. Sierra, V.H. Segtnan, K. Kubicek, W.F. 
Schlotter, G.L. Dakovski,; S.P. Moeller, U. Bergmann, S. Techert, L.G.M. Pettersson, P. Wernet, 
M.J. Bogan, Y. Harada, A. Nilsson, A. Föhlisch, Reabsorption of soft-x-ray emission at high x-
ray free-electron laser fluences, Phys. Rev. Lett. 113, 153002 (2014). 

[52] S. Schreck, A. Pietzsch, K. Kunnus, B. Kennedy, W. Quevedo, P.S. Miedema, P. Wernet, A. 
Föhlisch,. Dynamics of the OH group and the electronic structure of liquid alcohols, Struct. Dyn. 
1, 054901 (2014). 

[53] L. Torlina, F. Morales, H. G. Muller, and O. Smirnova, Ab-initio verification of the Analytical R-
Matrix theory for strong field ionization, J. Phys. B: At. Mol. Opt. Phys. 47, 204021 (2014). 

[54] L. Schroedter, M. Müller, A. Kickermann, A. Przystawik, S. Toleikis, M. Adolph, L. Flückiger, T. 
Gorkhover, L. Nösel, M. Krikunova and others, Hidden Charge States in Soft-X-Ray Laser-
Produced Nanoplasmas Revealed by Fluorescence Spectroscopy, Phys. Rev. Lett. 112, 
183401 (2014). 

[55] D. Rupp, M. Adolph, L. Flückiger, T. Gorkhover, M. Müller, M. Sauppe, S. Schorb, R. Treusch, 
C. Bostedt and T. Möller, Generation and structure of extremely large clusters in pulsed jets, J. 
Chem. Phys. 141, 3070 (2014). 

[56] T. Tyborski, R. Costard, M. Woerner, and T. Elsaesser, Ultrafast vibrational dynamics of BH4
- - 

ions in liquid and crystalline environments, J. Chem. Phys. 141, 034506 (2014). 
[57] J.-C. Deinert, D. Wegkamp, M. Meyer, C. Richter, M. Wolf, and J. Stähler, Ultrafast exciton 

formation at the ZnO(1010) surface,  Phys. Rev. Lett. 113, 057602 (2014). 
[58] D. Wegkamp, M. Herzog, L. Xian, M. Gatti, P. Cudazzo, C. L. McGahan, R. E. Marvel, R. F. 

Haglund, Jr., A. Rubio, M. Wolf, and J. Stähler, Instantaneous band gap collapse in photo-
excited monoclinic VO2 due to photocarrier doping, Phys. Rev. Lett. 113, 216401 (2014). 

2015 

[59] C.P. Schulz, S. Birkner, F.J. Furch, A. Anderson, J. Mikosch, F. Schell and M.J.J. Vrakking, 
Strong field ionization of small hydrocarbon chains with full 3D momentum analysis, JPCS 635, 
112122 (2015). 

[60] L. Maerten, A. Bojahr and M. Bargheer, Observing backfolded and unfolded acoustic phonons 
by broadband optical light scattering, Ultrasonics 56, 148 (2015). 

[61] L. Maerten, A. Bojahr, M. Gohlke, M. Rössle and M. Bargheer, Coupling of GHz Phonons to 
Ferroelastic Domain Walls in SrTiO3, Phys. Rev. Lett. 114, 047401 (2015). 

[62] A. Bojahr, M. Gohlke, W. Leitenberger, J. Pudell, M. Reinhardt, A. von Reppert, M. Roessle, M. 
Sander, P. Gaal and M. Bargheer, Second Harmonic Generation of Nanoscale Phonon Wave 
Packets, Phys. Rev. Lett. 115, 195502 (2015). 

[63] C. Pellegrini, J. Flick, I.V. Tokatly, H. Appel, and A. Rubio, “Optimized Effective Potential for 
Quantum Electrodynamical Time-Dependent Density Functional Theory”, Phys. Rev. Lett 115, 9 
(2015). 

[64] J. Flick, M. Ruggenthaler, H. Appel, and A. Rubio, “Kohn-Sham approach to quantum 
electrodynamical density-functional theory: Exact time-dependent effective potentials in real 
space”, Proceedings of the National Acadamy of Sciences 112, 50, p.15285-15290 (2015). 

[65] B. Frietsch, J. Bowlan, R. Carley, M. Teichmann, J. Wolter, and M. Weinelt, The valence band 
structure of Gadolinium studied with time-resolved photoemission, in Ultrafast Magnetism I (J.-
Y. Bigot, W. Hübner, T. Rasing and R. Chantrell, eds.), Springer Proceedings in Physics 159, 
274 (2015).  



18 
 

[66] M. Teichmann, B. Frietsch, K. Döbrich, R. Carley, and M. Weinelt, Transient band structures in 
the ultrafast demagnetization of ferromagnetic gadolinium and terbium, Phys. Rev. B 91, 
014425 (2015). 

[67] B. Frietsch, J. Bowlan, R. Carley, M. Teichmann, S. Wienholdt, D. Hinzke, U. Nowak, K. Carva, 
P. M. Oppeneer and M. Weinelt, “Breaking intra-atomic exchange distinct ultrafast dynamics of 
itinerant and localized magnetic moments in gadolinium metal”,  Nature Communications 6, 
8262 (2015). 

[68] J.A. Sellberg,; T.A. McQueen, H. Laksmono, S. Schreck, M. Beye, D.P. DePonte, B. Kennedy, 
D. Nordlund, R.G. Sierra, D. Schlesinger, T. Tokushima, I. Zhovtobriukh, S. Eckert, V.H. 
Segtnan, H. Ogasawara, K.  Kubicek, S. Techert, U. Bergmann, G.L. Dakovski, W.F. Schlotter, 
Y. Harada, M.J. Bogan, P. Wernet, A. Föhlisch, L.G.M. Pettersson, L. G. M., A. Nilsson, X-ray 
emission spectroscopy of bulk liquid water in “no-man’s land, J. Chem. Phys. 142, 044505 
(2015). 

[69] P. Wernet, K. Kunnus, I. Josefsson, I. Rajkovic, W. Quevedo, M. Beye, S. Schreck, S. Grübel, 
M. Scholz, D. Nordlund, W. Zhang, R.W. Hartsock, W.F. Schlotter, J.J. Turner, B. Kennedy, F. 
Hennies, F.M.F. de Groot, K.J. Gaffney, S. Techert, M. Odelius, A. Föhlisch, Orbital-specific 
mapping of the ligand exchange dynamics of Fe(CO)5 in solution, Nature 520, 78 (2015). 

[70] K. Kunnus, S. Schreck, A. Föhlisch, “Free-electron laser based resonant inelastic X-ray 
scattering on molecules and liquids”, J. Electron Spectrosc. Relat. Phenom. 204, 345-355 
(2015). 

[71] K. Kunnus, I. Josefsson, I. Rajkovic, W. Quevedo, M. Beye, S. Schreck, S. Grübel, M. Scholz, 
D. Nordlund, W. Zhang, R. W. Hartsock, W. F. Schlotter, J. J. Turner, B. Kennedy, F. Hennies, 
F. M. F. de Groot, K. J. Gaffney, S. Techert, M. Odelius, Ph. Wernet, A. Föhlisch, “Identification 
of the dominant photochemical pathways and mechanistic insights to the ultrafast ligand 
exchange of Fe(CO)5 to Fe(CO)4EtOH”, Structural Dynamics 3, 043204 (2016). 

[72] S. Schreck, M. Beye, A. Föhlisch, Implications of Stimulated Resonant X-ray Scattering for 
Spectroscopy, Imaging and Diffraction in the Regime from Soft to Hard X-Rays, J. Mod. Opt. 
2015, in Press. 

[73] M. Prémont-Schwarz, S. Schreck, M. Iannuzzi, E.T.J. Nibbering, M. Odelius, P. Wernet, 
Correlating Infrared and X-ray Absorption Energies for Molecular-Level Insight into Hydrogen 
Bond Making and Breaking in Solution, J. Phys. Chem. B 119 , 8115 (2015). 

[74] L. Torlina, F. Morales, J. Kaushal, I. Ivanov, A. Kheifets,  A. Zielinski, A. Scrinzi, H. G. Muller, 
S. Sukiasyan, M. Ivanov, and O. Smirnova, Interpreting Attoclock Measurements of Tunnelling 
Times, Nature Physics 11, 503–508 (2015). 

[75] M. Müller, L. Schroedter, T. Oelze, L. Nösel1, A. Przystawik, A. Kickermann, M. Adolph, T. 
Gorkhover, L Flückiger, M. Krikunova, M. Sauppe, Y. Ovcharenko, S. Schorb, C. Bostedt, D. 
Rupp, T. Laarmann and T. Möller, Ionization dynamics of XUV excited clusters: the role of 
inelastic electron collisions, J. Phys. B: At. Mol. Opt. Phys. 48, 174002 (2015).  

[76] M. Müller, L. Schroedter, T. Oelze, L. Nösel, A. Przystawik, A. Kickermann, M. Adolph, T. 
Gorkhover, L. Flückiger, M. Krikunova, M. Sauppe, Y. Ovcharenko, S. Schorb, C. Bostedt, D. 
Rupp, T. Laarmann, and T. Möller, J. Phys. B: At. Mol. Opt. Phys. 48 (2015) 174002 (Part of 
Special Issue on Frontiers of Free-Electrons Laser Science Series II and Journal of Physics B: 
Highlights of 2015 collection) ,  4. Hidden Charge States in Soft-X-Ray Laser-Produced 
Nanoplasmas Revealed by Fluorescence Spectroscopy  

[77] A. Przystawik, M. Müller, L. Schroedter, T. Oelze, L. Nösel1, A. Kickermann, M. Adolph, T. 
Gorkhover, L Flückiger, M. Krikunova, M. Sauppe, Y. Ovcharenko, S. Schorb, C. Bostedt, D. 
Rupp, T. Möller and T. Laarmann, Ionisation dynamics of Xe nanoplasma formation studied with 
XUV fluorescence spectroscopy, J. Phys. B: at. Mol. Opt. Phys. 48, 184002 (2015). 



19 
 

[78] M. Müller, A. Paarmann and R. Ernstorfer, Visualization of Photocurrents in Nanoobjects by 
Ultrafast Low-Energy Electron Point-Projection Imaging, in Ultrafast Phenomena XIX, Springer 
Proceedings in Physics 162, 667-670 (2015). 

[79] M. Puppin, Y. Deng, O. Prochnow, J. Matyschok, Th. Binhammer, U. Morgner, M. Wolf, and 
R. Ernstorfer, 
Fiber-Slab-Pumped OPCPA for XUV-Based Time-Resolved Photoelectron Spectroscopy at 500 
kHz Repetition Rate. Springer Proceedings in Physics 162, 766 (2015). 

[80] M. Puppin, Y. Deng, O. Prochnow, J. Ahrens, T. Binhammer, U. Morgner, M. Krenz, M. Wolf, 
and R. Ernstorfer, 500 kHz OPCPA delivering tunable sub-20 fs pulses with 15 W average 
power based on an all-ytterbium laser, Opt. Express 23, 1491 (2015). 

[81] F. Büttner, C. Moutafis, M. Schneider, B. Krüger, C.M. Günther, J. Geilhufe, C. von Korff 
Schmising, J. Mohanty, B. Pfau, S. Schaffert, A. Biesig, M. Foerster, T. Schulz, C.A.F. Vaz, J.H. 
Franken, H.J.M. Swagten, M. Kläui, and S. Eisebitt, Dynamics and inertia of skyrmionic spin 
structures, Nature Physics 11, 225 (2015). 

[82] M. Gegg, T. S. Theuerholz, A. Knorr, M. Richter, Fully quantized spaser physics: towards exact 
modeling of mesoscopic CQED systems, Proc. SPIE 9361, Ultrafast Phenomena and 
Nanophotonics XIX, 93610Z (2015) 

[83] M. Richter, M. Gegg, T. S. Theuerholz, and A. Knorr, Numerically exact solution of the many 
emitter–cavity laser problem: Application to the fully quantized spaser emission, Phys. Rev. B 
91, 035306 (2015). 

[84] O. Pedatzur, G. Orenstein, V. Serbinenko, H. Soifer, B. Bruner, A. Uzan, D. Brambila, A. 
Harvey, L. Torlina, F. Morales, O. Smirnova, and N. Dudovich, "Attosecond Tunneling 
Interferometry", Nat. Phys. 11, 815-819 (2015) 

[85] J. Kaushal, F. Morales, L. Torlina, M. Ivanov and O. Smirnova, “Spin-orbit Larmor clock for 
ionization times in one-photon and strong-field regimes”, J. Phys. B: At. Mol. Opt. Phys. 48, 
234002 (2015) 

[86] I. Costard, T. Tyborski, B. P. Fingerhut, and T. Elsaesser, “Ultrafast phosphate hydration 
dynamics in bulk H2O”, Journal of Chemical Physics 142, 212406 (2015). 

[87] I. Costard, T. Tyborski, B. P. Fingerhut, Anharmonicities and coherent vibrational dynamics of 
phosphate ions in bulk H2O, Phys. Chem. Chem. Phys. 17, 29906 (2015). 

[88] T. Tyborski, S. Kalusniak, S. Sadofev, F. Henneberger, M. Woerner, T. Elsaesser, Ultrafast 
nonlinear response of bulk plasmons in highly doped ZnO layers, Phys. Rev. Lett. 115, 147401  
(2015). 

[89] L. Waldecker, R. Bertoni, and R. Ernstorfer, Compact femtosecond electron diffractometer with 
100 keV electron bunches approaching the single-electron pulse duration limit, J. Appl. Phys. 
117, 044903 (2015) 

[90] L. Waldecker, T. A. Miller, M. Rude, R. Bertoni, J. Osmond, V. Pruneri, R. Simpson, R. 
Ernstorfer, and S. Wall, Time-domain separation of optical properties from structural transitions 
in resonantly bonded materials, Nature Materials 14, 991 (2015). 

[91] J. Stähler, J.-C. Deinert, D. Wegkamp, S. Hagen, and M. Wolf, Real time measurement of the 
vertical binding energy during the birth of a solvated electron, JACS 137, 3520 (2015). 

[92] Daniel Wegkamp, Julia Stähler, “Ultrafast dynamics during the photoinduced phase transition in 
VO2”, Progress in Surface Science 90, 464 (2015) 

2016 

[93]  L. Waldecker, R. Bertoni, J. Vorberger, R. Ernstorfer; „ Electron-Phonon Coupling and Energy 
Flow in a Simple Metal beyond the Two-Temperature Approximation, Phys. Rev. X 6 (2016), 
021003 



20 
 

[94]  Michael Schneider, Christian Michael Günther, Clemens von Korff Schmising, Bastian Pfau, 
and Stefan Eisebitt, “Curved gratings as an integrated photon fluence monitor in X-ray 
transmission scattering experiments", Optics Express, accepted 

[95]  B. Frietsch, R. Carley, M. Teichmann, J. Bowlan, and M. Weinelt, “Transient States in the  
Demagnetization of Gd – Signatures of the Underlying Microscopic Processe”, Ultrafast  
Magnetism II, Springer Proceedings, accepted 

[96]  Björn Frietsch, Robert Carley, Markus Gleich, Martin Teichmann, John Bowlan, and Martin 
Weinelt,” Fluence-dependent dynamics of the 5d6s exchange splitting in Gd metal after 
femtosecond laser excitation”, JJAP, accepted 

[97] T.Dimitrov, J. I. Fuks, H. Appel and A. Rubio, arXiv:1512.07456 [physics.chem-ph]  
[98] Judith F. Specht ; Eike Verdenhalven ; T. Sverre Theuerholz ; Andreas Knorr ; Marten Richter 

Proc. SPIE 9746, Ultrafast Phenomena and Nanophotonics XX, 97460F (March 14, 2016) 
[99] L. Flückiger, D. Rupp, M. Adolph, T. Gorkhover, M. Krikunova, M. Müller, T. Oelze, Y. 

Ovcharenko, M. Sauppe, S. Schorb, C. Bostedt, S. Düsterer, M. Harmand, H. Redlin, R. Treusch 
and T. Möller, “Time-resolved x-ray imaging of a laser-induced nanoplasma and its neutral 
residuals”, New. J. Phys., 18, 043017, (2016)  

 

Appendix B: Talks at international workshops and 
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DinL students gave more than 30 talks on international conferences and in 
addition more than 50 contributions on seminars, national workshops and conferences, 
excluding the DinL-organized events summarized in Section DinL - Workshops.  
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