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This Annual Report provides an overview of the research pursued at the Max-Born-Institut 
(MBI) in 2015. A presentation of scientific highlights is followed by progress reports of all pro-
jects which are part of the scientific program of the institute. A complete record of publications 
and invited talks is given in the appendix, together with information on academic teaching 
and training, guest lectures, activities in scientific organizations, and third-party funding. More 
detailed up-to-date information is available on the MBI website (http://www.mbi-berlin.de).

In 2015, a number of key results stand out in the extensive scientific output of MBI:

• Two-color high harmonic generation using incommensurate laser wavelengths was dem-
onstrated as a method for achieving very high, extreme ultraviolet (XUV) photon ener-
gies. In the two-color laser field, the electric fields of the two lasers beat against each 
other, including one or a few instances where the two fields add up constructively, lead-
ing to a substantial increase of the ponderomotive energy, and hence of the high energy 
cut-off of the harmonic spectrum, which moreover is far more continuous than harmonic 
spectra generated using a single laser color. The method is particularly useful for the 
development of novel types of core level spectroscopy. 

• In a collaborative effort with researchers from the Weierstraß-Institut and the Leibniz-
Universität Hannover, a regime of non-instantaneous generation of optical harmonics has 
been identified in dielectrics. Analyzing third-harmonic generation in titanium dioxide thin 
films, a polarization decay time of 8 fs was found which is related to a resonant interband 
polarization of the material. These findings have important consequences for femtosec-
ond pulse characterization at extremely short time scales. 

• The first laboratory-based, femtosecond time-resolving, broadband XUV magnetic circu-
lar dichroism setup has been implemented, allowing for the simultaneous observation of 
ultrafast magnetization dynamics of different elements within a multicomponent sample. 
Already in the first experiments, the sensitivity was high enough to observe optically trig-
gered demagnetization even for the small induced magnetic moments at a paramagnet-
ferromagnet interface. 

• Using a newly-developed time-compensating monochromator the dynamics of inner va-
lence ionization of N2 was studied. In the experiment, dissociative ionization of N2 using 
a narrowband femtosecond XUV pulse was followed at a variable time delay by an IR 
probe laser that further ionized the dissociating molecule, allowing detailed insights into 
the dissociation dynamics by measuring energy- and angle-resolved photoelectron and 
fragment ion distributions. The results have implications for modeling of the atmosphere 
of Titan. 

• In a collaborative effort with experimental groups from Bordeaux, Ottawa and Montreal, a 
new nonlinear optical method was developed for discriminating chiral molecules, based 
on high harmonic generation in weakly elliptical fields. Benefiting from orders of magni-
tude higher sensitivity than standard all-optical techniques, it enables sub-femtosecond 
temporal resolution of chiral dynamics. The results show that this approach can go beyond 
detection towards resolving and controlling chiral dynamics on electronic timescales.

• The predictability and determinism of rogue waves, extreme events in nonlinear optics 
and fluid systems such as the ocean, were investigated in a systematic comparative 
study based on time series analysis. In microstructured optical fibers used for supercon-
tinuum generation and in multifilament systems, extreme events are manifested as short 
light flashes of extra-high intensity. It was found that quantum fluctuations amplified by 
nonlinear interactions in the microstructured fibers lead to a truly stochastic behavior 
whereas extreme events in the ocean and the multifilament system are based on turbu-
lence and, thus, are to a certain extent predictable. It was shown that extreme events can 
be predicted in a short time interval before they set in.

Preface
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More than 170 articles have been published in peer-reviewed journals and books, includ-
ing a substantial number of papers in high-impact journals. The number of invited talks at 
international conferences has been maintained at a high level. In the Year of Light 2015, MBI 
members have contributed to a number of public outreach events, such as the Salon Sophie 
Charlotte of the Berlin-Brandenburg Academy of Sciences, the Lange Nacht der Wissen-
schaften and others.

There has been a number of academic honors and recognitions for MBI scientists and staff 
members. Jannick Weißhaupt received the Lise Meitner Prize of Humboldt University for his 
Master Thesis on femtosecond hard X-ray generation. Rene Costard was honored with the 
Springer Thesis Prize for his outstanding dissertation on nonlinear vibrational spectroscopy 
of phospholipids. Geert Reitsma received a prestigious Rubicon Fellowship from the Dutch 
funding organization NWO and Günter Steinmeyer became a Fellow of the Optical Society of 
America. Thomas Elsaesser received the Lifetime Achievement Award of the Conference on 
Time-Resolved Vibrational Spectroscopy and was elected to the Board of the Berlin-Branden-
burg Academy of Sciences. Last but not least, Mark Möbis was honored for his excellent 
performance as a trainee by the IHK Berlin and has been a nominee for the Leibniz Trainee 
Prize of the Leibniz Gemeinschaft. 

On November 1, Stefan Eisebitt has joined the Board of Directors of MBI and started his work 
as the new director of Division B. He is presently implementing his team with new research 
activities in short-wavelength imaging, magnetism and physics of nanosystems. Such topics 
will replace some of the ongoing projects, e.g., in high-field physics which will gradually be 
phased out. This process will lead to changes of MBI’s project structure in the very near future. 

Theory of light-matter interactions and ultrafast processes has become a key part of the insti-
tute’s program and has reached a high visibility. In 2015, Olga Smirnova received a call for a 
joint appointment as a W3-S-professor from the Technische Universität Berlin. The procedure 
is expected to be finished successfully within the coming months.

In December 2015, MBI suffered a tragic loss: our colleague and friend Wolfgang Sandner 
who served as an MBI director for some 20 years passed away at the age of 66. His prema-
ture death came totally unexpectedly in a period in which he worked with strong effort towards 
establishing ELI, the European Large Scale Light Infrastructure. Being one of the founding 
directors, Wolfgang has shaped MBI in a decisive way and we will always honor his memory.

Berlin, March 2016

 

Thomas Elsaesser            Marc Vrakking                Stefan Eisebitt
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Efficient laser-driven acceleration of heavy ions – Fast Gold –
J. Bränzel, A. A. Andreev, L. Ehrentraut, and M. Schnürer 

A new laser plasma acceleration scheme for heavy ions is 
found, leading to a significant boost of their kinetic energy 
by Coulomb explosion.

About 16 years ago irradiation of micrometer thin solid foils 
with ultra-intense laser pulses revealed an astonishing phe-
nomenon: Several percent of the incident laser energy was 
transferred into kinetic energy of light ions – protons and 
carbon ions stemming from the surface contamination lay-
er – which propagate in a beam of extreme low emittance 
and with velocities at several percent of the speed of light. 
This discovery triggered a large amount of ongoing experi-
mental and theoretical studies. While some focus is put on 
laser-acceleration of protons, also the question of how to 
achieve laser acceleration of heavy ions was raised. Such 
a technique would have the potential to support experi-
ments in nuclear physics. The synthesis of heavy elements 
is one of the prominent open problems in physics. To gain 
a deeper insight from an experimental point of view, heavy 
ions with very high velocities are needed. The collision of 
heavy particles at high kinetic energy enables the study 
of the resulting reaction products. If such energies can be 
achieved with laser based acceleration, a variety of experi-
ments with other optically synchronized laser based sec-
ondary sources such as neutron-, gamma- or X-ray bursts 
can be realized. Beyond basic research, beams or pulsed 
beams of heavy ions are in the focus of applications in solid 
state physics as well as in the bio-medical field.

Such beams are produced with particle accelerators which 
belong to the biggest and most complex machines for re-
search today. To make things more compact is a strong 
motivation for searching new concepts and technologies 
in particle acceleration. One approach is acceleration by 
plasma created by laser pulses at relativistic intensities. 
The term “relativistic” indicates that the intense light field 
causes an electron motion close to the speed of light and 
hence relativistic effects determine the properties of the 
laser-plasma interaction. Enormous fields with strength of 
the order of megavolts per micrometer can be created in 
a well-defined direction leading to fast ions. The process 
responsible is called Target Normal Sheath Acceleration 
(TNSA). Due to the extreme acceleration these ion beams 
have some striking characteristics which are studied and 
applied in experiments.

The challenge of heavy ion acceleration results directly 
from basic principles: Ions are accelerated proportional to 
their charge to mass ratio Z/A leading to higher velocity for 
lighter elements. In a standard TNSA-configuration em-
ploying micrometer thick foils, laser plasma acceleration of 
heavy ions such as gold has been quite inefficient as very 
high ionization degrees are difficult to obtain. This limitation 
is now overcome in our experiments with freestanding gold 
foils of nanometer thickness, which provide an so far un-
expected high degree of ionization and specific distribution 
of  the heavy materials (Z > 40+ for Gold ions). Compared 

to former experiments, we achieved kinetic energies of the 
gold ions with 1 MeV per nucleon with an order of mag-
nitude less laser energy. High intensity laser irradiation of 
nanometer foils requires an ultra-high temporal contrast of 
the laser pulse. We achieve a peak to background intensity 
contrast of 140 dB with a nonlinear optical filter (XPW) in 
the laser amplifier chain and a plasma mirror at laser out-
put.

Common laser plasma driven acceleration models as-
sume an averaged degree of ionization, which follows with 
a fixed, spatially uniform electron density. From theoretical 
considerations and comparing experiment with simulations 
we recognized, that the obtained high kinetic energies of 
the heavy ions are not consistent with an average ioniza-
tion. Instead, we found for the ultra-thin targets a spatially 
varying degree of the ionization, with the highest degree of 
ionization at the target boundaries (Fig. 1) – where it greatly 
enhances the electrical field and thus the force driving the 
ion acceleration.

Based on our new insight into this mechanism, extrapola-
tion of our results suggest the possibility to study nuclear 
processes if heavy ions with adequate kinetic energies 
are produced by using femtosecond lasers with 100 Joule 
pulse energy – e.g. in facilities such as the Extreme Light 
Infrastructure. 

Publication 

BAP15: J. Braenzel et al.; Phys. Rev. Lett. 114 (2015) 
124801

Fig. 1:   
A laser pulse (1.3J @ 35 fs) irradiated 14 nm thick gold 
foils. The picture shows the dependence of maximal 
ion energy on its ionization energy – as the experiment 
delivered (pink squares). We found good agreement 
with the 2D – PIC simulation – blue squares and with 
the prediction of our new theoretical model – blue line 
in contrast to the established, old model – black line.
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How long does it take an electron to tunnel? 
L. Torlina1, F. Morales1, J. Kaushal1, I. Ivanov2, A. Kheifets2, A. Zielinski3, A. Scrinzi3, H. G. Muller1, S. Sukiasyan4,  
M. Ivanov1, 4, 5, and O. Smirnova1

1 Max-Born-Institut, Berlin, Germany, 2 Research School of Physical Sciences, The Australian National University,  
Canberra, Australia, 3 Ludwig Maximilians University, Munich, Germany, 4 Department of Physics, Imperial College  
London, UK, 5 Institut für Physik, Humboldt-Universität zu Berlin, Germany

How long does it take an atom to absorb a photon and 
lose an electron? And what happens if not one, but 
many photons are needed for ionization? How much 
time does the absorption of multiple photons take? 
These questions lie at the core of attosecond spectros-
copy, which aims to resolve electronic motion at its natu-
ral time scale. 

Ionization in strong infrared fields is often described as 
a tunneling process: the electron escapes by passing 
through the potential barrier created by the atomic po-
tential that binds the electron and the electric field of the 
laser pulse that pulls the electron away. Thus, unexpect-
edly, attosecond spectroscopy finds itself facing an al-
most age-old and controversial question: how long does 
it take an electron to tunnel through a barrier? Using 
analytical theory in conjunction with abinitio numerical 
experiments, Torlina and coworkers have shown that 
the optical tunneling of an electron from an atom can 
occur instantaneously.

In the paper by Torlina et al., this question is studied 
using the so-called attoclock setup, pioneered by the 
group of Ursula Keller (ETH). In this setup, the rotating 
electric field of a circularly polarized laser pulse serves 
as the hand of a clock. One full revolution of this hand 
takes one laser cycle – about 2.6 fs for experiments us-
ing Ti:sapphire laser pulses at 800 nm. As the electric 
field rotates, so does the tunneling barrier and, as a 
result, electrons emitted at different times tunnel in dif-
ferent directions. It is this link between time and the di-
rection of electron motion that enables the attoclock to 
serve as a time-keeping device. In every clock, a zero-
time must be established. In the attoclock, this is done 
by using a very short laser pulse, which lasts only one 
to two cycles. Tunneling is then restricted to the small 

Fig. 1:   
The attoclock as a tunneling process: the laser field and 
the core potential combine to create a barrier through 
which the bound electron can tunnel. This barrier rotates 
with time, causing electrons to escape in different direc-
tions at different times.

Fig. 2:   
The experimental observable: the angle- and energy-
resolved photoelectron spectrum, shown here for ioniza-
tion from the ground state of the hydrogen atom induced 
by a single-cycle circularly polarized infrared pulse. 
Dashed lines indicate the offset angle – the angle the 
peak of the distribution makes with the x-axis.

Fig. 3:   
Ionization times (left axis) reconstructed using the 
ARM theory from offset angles (right axis) obtained 
numerically using TDSE calculations. Red circles are 
the numerically calculated offset angles. Blue dia-
monds show the offset angles with the correction due 
to the pulse envelope subtracted. Green inverted tri-
angles show the Coulomb correction to the ionization 
time evaluated at the peak of the photoelectron distri-
bution. Orange triangles show the ionization times we 
obtain using our reconstruction procedure. In terms of 
the figure, this is simply the result of subtracting the 
green curve from the blue curve.
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window during which the rotating electric field passes 
through its maximum.

Next, like any other clock, the attoclock must be cali-
brated. One has to know how the time of electron emis-
sion – its exit from the tunneling barrier – maps onto the 
angle at which the electron is detected. This calibration 
of the attoclock has now been accomplished by Torlina 
et al., using a method that made no ad-hoc assumptions 
about the nature of the ionization process or the under-
lying physical picture. Combining analytical theory with 
accurate numerical experiments, and having calibrated 
the attoclock, the authors could finally look carefully at 
delays in electron tunneling. They arrived at a surpris-
ing answer: the time delay in tunneling may be equal to 
zero. At least within the realm of non-relativistic quantum 
mechanics, the results indicate that an electron tunnel-
ing out of the ground state of a Hydrogen atom spends 
zero time under the tunneling barrier. The situation may 
change, however, if this electron encounters other elec-
trons on the way – a scenario that may become impor-
tant for other atoms or molecules. In this instance, the 
interaction between the outgoing electron and the elec-
trons that remain bound in the ion may give rise to ad-
ditional time delays.

As such, the attoclock provides a unique window not 
only into tunneling dynamics, but also into the inter-
action between different electrons that participate in the 
ionization process. By resolving ionization times, it be-
comes possible to observe how the electrons that stay 
behind readjust to the loss of their comrade.

Publication 

TMK15: L. Torlina et al.; Nat. Phys. 11 (2015) 503-508 
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The exciting story of He atoms in strong laser fields
H. Zimmermann, J. Buller, S. Eilzer, and U. Eichmann

Astonishingly, the interaction of atoms with intense laser 
radiation does not necessarily lead to ionization but also 
to bound excited states. As investigated in a recent pub-
lication [ZBE15], we have experimentally confirmed pre-
dictions of a model that provides an intuitive understand-
ing of why and how strong-field excitation happens.

When exposing atoms to modern high intensity laser ra-
diation it seems as if it is more appropriate to consider 
light as a classical electromagnetic wave rather than as 
a stream of photons. The photon picture was revolution-
arily put forward by Einstein to explain light-matter inter-

action at low light levels, where an atom picks a single 
photon of appropriate energy to get either excited or ion-
ized (the famous photo effect), see Fig. 1a). The enor-
mous number of photons compressed in a short laser 
pulse translates into an enormous electric field strength 
of the electromagnetic wave of almost 1 billion V/cm 
compared to 1 V/cm for light sources available back in 
Einstein’s time. These field strengths perturb the atom 
profoundly enforcing most likely ionization. 

 

The fact that excitation can still be observed in such 
strong laser fields and conveniently explained in the 
wave picture has been demonstrated in our experiments. 
We exposed He atoms to an intense laser pulse with 
a duration of 40 femtoseconds and measured the final 
excited state distribution. Although the electron is heav-
ily shaken during the laser pulse, the He atom manages 
to prevent ionization and gets excited. Most importantly, 
we could favorably compare our experimental results 
with the so-called “frustrated tunneling ionization” (FTI) 
model, established earlier by our group [NGS08]. The 
FTI model is based on the strong-field tunneling picture 
put forward by Russian physicist L. Keldysh fifty years 
ago. Tunneling of the electron occurs instantaneously 
whenever the strong laser field makes the otherwise 
insurmountable binding potential penetrable and, ac-
cording to Keldysh’s theory, the electron disappears into 

Fig. 1:   
a) Einstein’s view of excitation at low light levels:  
A photon (green dot) hits an atom in its ground state 
and instantaneously promotes the electron to a higher 
orbit only, if the photon energy matches the transition 
energy.
b) The strong laser pulse interacts with a ground state 
electron heavily influencing its trajectory and its final 
relaxation in a higher orbit, although the photon energy 
does not match the transition frequency.

Fig. 2:   
Comparison of the distribution of principal quantum 
number n: Measured n-distributions for a laser intensity 
of 1.8 x 1015 W/cm2 (blue dots) and 2.9 x 1015 W/cm2 
(red squares).Calculated n-distribution according to the 
semiclassical FTI model at field strengths of 1015 W/cm2 
(open squares) and 1.4 x 1015 W/cm2 (open diamonds).
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thin air. The tunneling process itself, however, does not 
inevitably lead to the liberation of the electron. Tunnel-
ing ionization can be frustrated so that the electron re-
mains bound in an excited state, if one considers the 
subsequent dynamics of the electron in the combined 
laser and Coulomb field of the ionic core properly. At 
certain circumstances the electrons do not gain enough 
“escape” energy after the tunneling process neither from 
the laser nor through collisions in order to leave the at-
tractive potential of the ionic core, see Fig. 1b).

With this experimental investigation, we were able to 
corroborate the frustrated tunneling model as an intuitive 
way to comprehend excitation of atoms in the strong- 
field tunneling regime. The results clearly elucidate the 
fundamental process of atomic excitation at highest la-
ser intensities as a process, which combines the quan-
tum mechanical process of tunneling with the classical 
description of an electron in an electromagnetic wave 
plus a Coulomb field.

Publication 

ZBE15: H. Zimmermann et al.; Phys. Rev. Lett. 114 
(2015) 12300

Reference

NGS08: T. Nubbemeyer, K. Gorling, A. Saenz, U. Eich-
mann, and W. Sandner; Strong-field tunneling without 
ionization; Phys. Rev. Lett. 101 (2008) 233001



1616

Energy exchange in highly ionized nanoparticles 
B. Schütte1, 2, M. Arbeiter3, T. Fennel3, G. Jabbari4, A. I. Kuleff4, M. J. J. Vrakking1, and A. Rouzée1

1 Max-Born-Institut, Berlin, Germany, 2 Department of Physics, Imperial College London, UK, 3 Institut für Physik, 
Universität Rostock, Germany, 4 Theoretische Chemie, PCI, Universität Heidelberg, Germany

Excited atoms often decay via the emission of radiation, 
a process that is known as fluorescence. A different sce-
nario can emerge when an excited atom is surrounded 
by other excited atoms, ions and electrons. Such a situ-
ation is achieved when an intense laser pulse interacts 
with a nanoscale object. In this case, an excited atom 
can decay by transferring its excess energy to another 
particle in the environment. Researchers from the Max-
Born-Institut in Berlin, the University of Rostock, and 
the University of Heidelberg found evidence for such an 
energy exchange involving electrons that are trapped 
within a nanocluster. They observed a so far unidentified 
peak in the electron spectrum following the ionization 
of a nanocluster by a near-infrared (NIR) laser pulse. 
The researchers attributed this signal to the relaxation 
of one electron from an excited Rydberg atom and the 
simultaneous transfer of the excess energy to a second 
electron that can escape from the cluster. The obtained 
results, which were published in Nature Communica-
tions, are of universal nature and expected to play an 
important role in other nanoscale systems including bio-
molecules.

Interatomic Coulombic decay (ICD) describes the re-
laxation of an excited atom by transferring its excess 
energy to a neighboring atom that gets ionized. This ef-
fect has received significant attention in recent years, 
as it may be a source of radiation damage in biological 
systems. At the same time, it was proposed to exploit 
ICD for novel cancer therapies. So far, ICD has been ob-
served following the ionization or excitation of clusters 
by high-energy photons in the extreme-ultraviolet (XUV) 
and X-ray range. In contrast, it had not been expected 
that ICD could be induced by low-energy photons in the 
NIR regime.

The ionization of a cluster by an intense NIR laser pulse 
triggers highly complex dynamics. A so called nanoplas-
ma is formed that consists of a large number of ions and 

electrons interacting with each other. Recombination of 
electrons and ions has been found to result in the gen-
eration of Rydberg atoms and ions, which can decay 
via fluorescence. However, in a strongly ionized cluster, 
Rydberg atoms may also relax via correlated electronic 
decay (CED) processes similar to ICD, i.e. without the 
emission of radiation. In CED, one electron can relax 
from a Rydberg state to the ground state and transfer its 
excess energy to a second electron, which is either lo-
cated in the same atom, in the nanoplasma, or which is 
in a Rydberg state of a nearby atom (see Fig. 1). Using 
this additional energy, the second electron can escape 
from the cluster. „Even though CED may be expected 
in nanoplasmas, the effect had neither been observed 
in experiments nor had it been predicted by theoretical 
models“, explains Dr. Bernd Schütte from the Max-Born-
Institut. „The major challenge in the experiment was to 
find suitable conditions that allow a direct observation of 
correlated electronic decay.“

Just recently, the researchers were rewarded for their 
search and found evidence of CED in the electron spec-
trum from argon clusters ionized by an intense NIR laser 
pulse. Their results have now been published in Nature 
Communications. The emergence of a peak in the en-
ergy spectrum of emitted electrons that is close in en-
ergy to the atomic ionization potential (see Fig. 2) was 
found to be the signature of an electronic decay process 
involving bound atomic states. Surprisingly, the scien-
tists found that the energy exchange between electrons 
takes place almost 100 picoseconds after the cluster is 
ionized. This is much slower than for typical ICD pro-
cesses that proceed on 100 femtoseconds timescales.

Support for this explanation was obtained by modeling 
the complex dynamics taking place in the expanding 
clusters by the group of Prof. Thomas Fennel from the 
University of Rostock. „The tricky aspect of the experi-
ment is that the charged and expanding cluster disturbs 

Fig. 1:   
Correlated electronic decay in 
clusters:  
An electron in a Rydberg state 
can relax to the ground state 
and transfer its excess energy 
a) to a second electron that oc-
cupies a Rydberg state in the 
same atom, b) to a quasifree 
electron in the environment, or  
c) to an electron that occupies 
a Rydberg state in a second 
atom.
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the electrons emitted via CED. Electrons that have been 
emitted in early expansion stages will have lost their 
specific bound-state signatures“, explains Fennel. The 
ICD expert Dr. Alexander Kuleff from the University of 
Heidelberg adds: „Our calculations show that ICD bet-
ween lowly excited argon atoms takes place on a time-
scale of 200 femtoseconds, but the process significantly 
slows down, when higher Rydberg states are involved. 
This is in good agreement with the experiment, which 
suggests that the observed electrons are emitted from 
higher Rydberg orbitals.“

 
Although the first experiments on clusters with intense 
NIR laser pulses were already performed in the 1990s, 
it took a long time to observe correlated electronic decay 
in expanding nanoplasmas for the first time. One reason 
why this effect could not be revealed in previous experi-
ments is that it can only be directly observed in a very 
small range of laser intensities and cluster sizes. How-
ever, after having understood the involved dynamics, 
the researchers could show that CED has a universal 
nature. The process was observed in all the investigated 
clusters, which include atomic krypton and xenon clus-
ters as well as molecular oxygen clusters: „CED takes 
place as soon as a nanoplasma is born within the clus-
ter and excited states are populated by recombination“, 
explains Dr. Arnaud Rouzée from the Max-Born-Institut, 
adding „CED is therefore expected to be important also 
for experiments, in which intense XUV and X-ray laser 
pulses interact with nanoscale objects, including biomol-

ecules.“ Further experiments are under way in order to 
elucidate the overall significance of correlated electronic 
decay in highly excited complex systems.

Publication

SAF15b: B. Schütte et al.; Nat. Commun. 6 (2015) 
8596/1-7

Fig. 2:   
Electron spectrum measured after the ionization of 
argon clusters by intense NIR pulses. The gray area 
represents thermal electron emission. In addition, a 
peak structure (blue area) with a prominent peak close 
to the ionization potential of atomic argon (15.76 eV) 
appears. This structure can be explained by correlated 
electronic decay.
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A new approach towards solving mysteries 
of the interstellar medium 
A. Marciniak1, V. Despré1, T. Barillot1, A. Rouzée2, M. C. E. Galbraith2, J. Klei2, C.-H. Yang2, C. T. L. Smeenk2, V. Loriot1, 
S. Nagaprasad Reddy4, A. G. G. M. Tielens3, S. Mahapatra4, A. I. Kuleff5, M. J. J. Vrakking2, and F. Lépine1

1 Institut Lumière Matière, Université Lyon, France; 2 Max-Born-Institut, Berlin, Germany, 3 Leiden Observatory, Leiden 
University, The Netherlands, 4 School of Chemistry, University of Hyderabad, India, 5 Theoretische Chemie, PCI, 
Universität Heidelberg, Germany

It is one of the most intriguing questions in astrochemis-
try: the mystery of the diffuse interstellar bands (DIBs), 
a collection of about 400 absorption bands that show 
up in spectra of light that reaches the earth after having 
traversed the interstellar medium. Despite intense re-
search efforts over the last few decades, an assignment 
of the DIBs has remained elusive, although indications 
exist that they may arise from the presence of large hy-
drocarbon molecules in interstellar space. Recent ex-
periments at the Max-Born-Institut lend novel credibility 
to this hypothesis.

Among the hydrocarbons that are possible carriers of 
the DIBs, polycyclic aromatic hydrocarbons (PAHs) are 
considered to be particularly promising. The presence 
of PAH molecules was previously inferred in many as-
tronomical objects, as well as in the interstellar medium 
of the Milky Way. However, within the astronomical com-
munity, the linewidths of the DIBs, which are indicative 
of the lifetimes of the excited states that are involved in 
the absorption process, are often considered as an ar-
gument that speaks against the PAHs. The new experi-
ment was performed in collaboration with scientists from 

Fig. 1:   
Schematic of the experiment.  
a) Schematic of the XUV-induced dynamics in PAH molecules studied in this paper. Excited states are created in the va-
lence shell of the cation through one of two possibilities, namely the formation of a single-hole configuration or the forma-
tion of a 2hole-1particle configuration (involving a shake-up process) (left) (IP stands for Ionization potential). The cation 
can be further ionized by the IR probe laser, provided that non-adiabatic relaxation has not taken place yet (middle). After 
relaxation, the IR probe cannot ionize the cation anymore (right).  
b) Two-color XUV-IR ion signals measured in the case of anthracene, as a function of the detected mass-to-charge ratio 
and the XUV-IR delay. XUV-only and IR-only signals have been subtracted. The XUV pump and IR probe pulses overlap 
at zero delay (black dashed line). A red colour corresponds to a signal increase, while a blue colour signifies depletion. 
For positive XUV-IR delays, a very fast dynamics is observed for the doubly charged anthracene ion (A2+, m/q = 89). As 
explained in the text, the measurement reflects non-adiabatic relaxation in the anthracene cation (A+). The dynamics ob-
served in the first fragment (A-C2H2

+) is not discussed in this article.

a)

b)

IPcation

IPneutral
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the University of Lyon and aided by theoretical input 
from scientists at the universities of Heidelberg, Hyder-
abad and Leiden. It has been shown that the lifetimes of 
excited states of small to medium-size PAHs are consis-
tent with the linewidths that are observed for the DIBs.

In the experiments, a series of small to medium-size 
PAH molecules (naphthalene, anthracene, pyrene and 
tetracene, containing 2-4 benzene-like aromatic rings), 
were ionized by an ultrashort extreme-ultraviolet (XUV) 
laser pulse. As a result of electron correlation, the ab-
sorption of an XUV photon not only led to removal of one 
of the electrons, but furthermore to electronic excitation 
of the molecular ion left behind. The lifetimes of these 
excited cationic electronic states were monitored by 
probing the ions with a moderately strong, timedelayed 
infrared (IR) laser pulse. When the ions are formed, the 
electronic excitation is at its highest, and only one or a 
few IR photons are needed to remove a second elec-
tron. However, a little later, when the ion relaxes and 
energy is transferred from the electronic to the vibration-
al degrees of freedom, more IR photons are needed to 
remove the second electron. In other words, monitoring 
the formation of doubly-charged ions as a function of 
the time delay between the XUV and IR laser pulses 
allowed extraction of the lifetimes of the states formed 
by the XUV ionization process. As it turned out, and as 
was further supported by high-level calculations, these 
lifetimes of a few 10 s of femtoseconds are well within 
the range of what is required for potential carriers of the 
DIBs.

Beyond the implications for the DIBs, the new experi-
ments have implications for the further development of 
attosecond science. One of the most sought-after goals 
in attosecond science at the moment, is the observa-
tion of charge migration, i.e. ultrafast (attosecond to few-
femtosecond) motion of an electron or hole through a 
molecular structure. It has been proposed that charge 
migration may provide new opportunities for control of 
chemical reactivity, a goal that is as old as the chemi-
cal research itself. First indications that attosecond to 
few-femtosecond timescale dynamics can be observed 
in polyatomic molecules were obtained by researchers 
at the university of Milano last year. The PAH molecules 
that were investigated in the experiments at MBI repre-
sent the largest molecular species yet to which ultrafast 
XUV-IR pump-probe spectroscopy has been applied. 
Besides the insights into ultrafast electronic relaxation 
obtained from the current work, the theoretical work 
performed in order to interpret the experiments sug-
gests that PAH molecules are also ideal candidates for 
observing attosecond to few-femtosecond timescale 
charge migration. Such experiments will therefore be at-
tempted next.

Publication

MDB15: A. Marciniak et al.; Nat. Commun. 6 (2015) 
7909-7915
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Hot means slow: Electron plasma oscillations tuned down with light
T. Tyborski, M. Woerner, and T. Elsaesser

A plasma is a special state of matter in which a large 
number of electrons form are negatively charged cloud 
of particles which is separated from a positively charged 
background of ions. Plasma exists in many systems 
including hot stars, the ionosphere and other ionized 
gases, as well as solid state materials. The electric 
forces between electrons and ions allow for generating 
periodic spatial motions of the electron cloud relative 
to the ions, so called plasma oscillations or plasmons. 
Recently, plasmons in metals and semiconductors have 
received strong interest. They display peculiar optical 
properties and hold strong potential for applications in 
high-speed optoelectronics and optical microscopy with 
sub-wavelength spatial resolution. 

The detailed study of the physics underlying the inter-
action of plasmons with electromagnetic radiation has 
developed into a new research field called ’plasmonics’ 
[1]. While early work has focused on optically probing 
elementary excitations on a sub-wavelength scale with 
the help of metallic nanostructures [2], more recently 
nonlinear optical properties of the plasmon-photon sys-
tem in tailored (meta)materials came to the fore [3]. For 
designing novel plasmonic devices based on such non-
linear properties a detailed understanding of underlying 
microscopic physics is important. So far, however, the 
intrinsic nonlinear response of bulk plasmons in metals 
and semiconductors is not well understood. In 2015, a 
joint team of researchers from MBI and Humboldt Uni-
versity in Berlin presented the first time-resolved study 
of the nonlinear response of bulk plasmons in a highly 
doped semiconductor [TKS15].

In order to address the linear and nonlinear response of 
longitudinal bulk plasmons a judiciously designed inter-
action geometry was applied [4]. As shown in the insets 
of Fig. 1(a) and (f), an epitaxially grown [5], 100 nm thick 
highly n-doped ZnO layer (Ne = 1 x 1020 cm-3) was sand-
wiched between vacuum and ’metallic’ ZnO with an 
even higher doping concentration (Ne = 6 x 1020 cm-3). 
Since the layer thickness is both distinctly thinner 
than the optical skin depth and distinctly thicker than 
the Thomas Fermi length on which electric fields are 
screened, an incoming p-polarized electro-magnetic 
wave is reflected off the ’metallic’ ZnO underneath re-
sulting in a standing optical wave within the 100 nm 
thick layer with an electric field orientation perpendicular 
to the layers. As a result, the linear reflectivity spectrum 
[Fig. 1(a)] shows an absorption band of the longitudinal 
bulk plasmon around hω = 360 meV whose spectral po-
sition is independent of the angle of incidence Θ.

The nonlinear reflectivity measurements were per-
formed in a setup using an Au-coated prism for beam 
steering as shown in the inset of Fig. 1(f). In the fem-
tosecond pump-probe experiments, p-polarized pump 

and probe pulses independently tunable in the mid-
infrared were generated in two parametric frequency 
converters driven by a femtosecond Ti:sapphire laser 
system. The cross correlation of the two mid-infrared 
pulses has a typical width of 150 fs (FWHM). 30 % of 
the incident pump pulse energy of 1.8 μJ are absorbed 
by the sample (focal diameter 150 μm). The energy of 
the probe pulses was less than 50 nJ.

Spectrally resolved pump-probe data are presented 
in Figs. 1(b), (c). Panel (b) shows a contour plot of 
ΔA(hωdet, t) as a function of detection frequency hωdet 
(abscissa) and delay time t (ordinate). Cross sections of 
the contour plot for different fixed delay times are plot-
ted in panel (c). At t = 20 fs, one observes a red-shift-
ed enhanced absorption with a maximum at 290 meV 
and a broad bleaching signal with a maximum around 
350 meV. The main signature of the transient spectra in 
the time range 0 < t < 400 fs is the dispersive spectral 
envelope indicating a distinct red-shift of the plasmon 
resonance, i.e., a transient decrease of the plasma fre-
quency by about 50 meV. Time-resolved transients of 
the absorption change recorded at fixed probe frequen-
cies are summarized in panel (f) (lines). With increasing 
pump fluence, the signal amplitudes begin to saturate. A 
quasi-instantaneous rise of the signal is followed by an 
initial partial fast decay and a slower time evolution with 
decay times of the order of 500 fs, vanishing completely 
beyond a 2 ps delay.

Intraband excitation of electrons by the pump pulse at 
a constant total electron density represents the key in-
teraction to account for the observed bulk plasmon dy-
namics. Essentially, the pump pulse heats the plasma to 
carrier temperatures around 3300 K which subsequent-
ly cools down to lattice temperature by emission of LO 
phonons and - at a later stage - of acoustic phonons. 

Theoretical calculations [TKS15] allow for modeling 
the temporal evolution of plasma temperature. For the 
present pumping conditions, one calculates the heat-
ing and cooling kinetics of the electron plasma shown 
in panel (g). A hot Fermi distribution in the non-para-
bolic conduction band of ZnO results in an increase 
of the ensemble averaged effective mass of electrons 
m which corresponds to a dynamic decrease of the 
plasma frequency w∝(1/m)0.5. To account for the time-
resolved pump-probe data, the equations of motion of 
a harmonic oscillator having both the frequency and 
oscillator strength of the corresponding time-dependent 
plasmon were solved [TKS15]. Panels (d, e) and sym-
bols in (f) show the theoretically calculated spectrally 
resolved pump-probe signals. The excellent agreement 
of theory and experiment confirms the plasmon red-shift 
due to a transient increase of the average conduction 
band mass as the predominant mechanism behind the 
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nonlinear response of the longitudinal bulk plasmon. 
This pronounced nonlinear response is of interest for 
applications in optical switching.
 

Publication

TKS15: T. Tyborski et al.; Phys. Rev. Lett. 115 (2015) 
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Fig. 1:   
(a) Linear reflectivity of the sample (layer sequence see inset) measured for 2 different angles of incidence Θ. The reso-
nance at 360 meV originates from the bulk plasmon of the top layer. Dashed line: pump spectrum in the femtosecond ex-
periments. (b) Contour plot of the femtosecond pump-probe data. The change of absorbance ΔA is plotted as a function 
of probe energy (abscissa) and pump-probe delay (ordinate). (c) Cross sections through the contour plot for fixed delay 
times. (d, e) Contour plot and spectral cuts of the calculated transient spectra. (f) Time-resolved absorption changes for 
different incident pump fluences at fixed probe frequencies plotted as a function of pump-probe delay. Symbols represent 
plasmon kinetics calculated from the theoretical model for an incident pump fluence of 1.8 μJ. The inset shows the mea-
surement geometry based on a Au-coated prism. (g) Calculated plasma temperature as a function of the delay time.

Detection frequency [meV]

200    300     400     500

R
efl

ec
tiv

ity

1

Delay time t [ps]

Photon energy [meV]

0        200        400      600       800

D
el

ay
 ti

m
e 

t [
fs

]

200    300     400     500 -0.5       0.0         0.5         1.0          1.5        2.0

0.05

0.00

-0.05

4000

2000

0

500 

0 

0.1 

0.0 

-0.1

0



2222

Clocking the motions of water on the surface 
of the DNA double-helix
T. Siebert, B. Guchhait, Y. Liu, R. Costard, and T. Elsaesser

Surfaces of biological macromolecules are complex 
environments governed by the electric interactions and 
bonding of polar and charged surface structures with 
interfacial constituents such as water, ions as well as 
other molecular species in direct proximity. This inter-
play of a molecular surface and its environment is cru-
cial for regulating the global structure of proteins, lipid 
membranes and nucleic acids and plays a central role 
in the remarkable biological functions and chemical 
processes realized by these systems. Despite this high 
relevance for biomolecular functionality, short-range 
electric interactions at molecular surfaces – in particular 
their dynamics – are not fully understood. While X-ray 
crystallography can provide static molecular-scale ge-
ometries in which these interactions take place, unravel-
ing the mechanisms with which diverse molecular par-
ticipants and surface structures act together to define 
the processes taking place at the interface is challeng-
ing. Molecular motions and structural dynamics of these 
interfacial constituents must be captured on time scales 
faster than 1/1012 of a second in an environment extend-
ing only a few molecular layers from the surface.

The DNA double helix with its hydration shell and atmo-
sphere of counterions presents a prominent example of 
surface interactions that are central for the global struc-
ture and function of this system. By using the vibrational 
motions of structural elements in the DNA backbone, lo-
cal interactions and electric forces in this environment 
have been measured for the first time without disturbing 
the natural molecular arrangements at the surface. This 
is achieved by monitoring the distortions that fluctuat-
ing electric forces at the interface impose on vibrational 
motions of the backbone after their excitation with ul-
trashort infrared laser pulses. The optical response to 
these coherent excitations detected as so-called photon 
echoes reveals the magnitude and time scale of electric 
interactions at the interface when vibrational frequen-
cies measured upon excitation are correlated with those 
acquired after a defined waiting period.

Using this approach, fundamental insight to the proper-
ties of the hydration shell surrounding the DNA double-
helix has been obtained. While other charged elements 
and counterions are present at the interface, varying the 
amount of water molecules in the hydration shell shows 
that water dipoles dominate the electric interactions at 
the DNA surface. From the time scale of the electric 
fluctuations, it was further concluded that water at dis-
tances up to several angstroms form the DNA surface 
behaves very differently from pure water in its bulk state. 
The fluctuating motions of water molecules are several 
times slower and the typical positions that water mol-
ecules assume around the helix as well as the bond-
ing with the DNA surface are preserved for durations 
at least an order of magnitude longer than the making 

and breaking of the equivalent bonding network in pure 
water. This change in the dynamic properties of water 
exposed to the electric potential of the DNA surface is 
synonymous with changes in its fundamental physical 
properties. Effects such as electric screening from water 
at the surface and the influence of outer water layers or 
species at greater distances can be evaluated correctly 
with this insight.

The DNA surface not only influences the properties of 
water in proximity, the measurements further show that 
the inner hydration shell significantly changes the local 
coupling between vibrational motions in different struc-
tural elements of the DNA backbone. Since the DNA 
surface and the hydration shell alter the properties of the 
respective partner as a result of their electric interaction, 
neither can be described correctly without the presence 
of the other. From this picture of the interface, the first 
two water layers of the hydration shell can be seen as 
an integral part of the double-helix structure in its natural 
state and not as a separate, independently acting me-
dium surrounding the DNA at the surface.

Publications

SGL15: T. Siebert et al.; J. Phys. Chem. B 119 (2015) 
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Fig. 1:
(a) Schematic representation of the DNA surface and the surrounding water derived from the X-ray crystal structure 
of a hydrated DNA double-helix (Database: PDB 3BSE). (b) Two-dimensional infrared spectrum showing the 
vibrational response of the DNA backbone as function of excitation and detection frequency after a waiting period of 
500 femtoseconds (1 fs = 1/1015 s). The shape of the signals along diagonal of the spectrum gives information on the 
strength and time-scales of electric fluctuations at the interface. The signatures located off the diagonal further give 
a measure of the coupling and energy transfer among the backbone vibrations. (c) Time-dependent correlations in 
the frequencies of the backbone vibrations compared to correlations in the vibrations of pure water. The fast initial 
decay reflects the scrambling of the original distribution in backbone frequencies due to the electric fluctuations at the 
interface while the nearly constant long-range contributions show the static nature of the interfacial geometry along the 
double-helix. The shorter time-scale and magnitude of the fluctuations in the environment of pure water is associated 
with a much faster decay in the frequency correlations of the respective water vibrations.
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1.1: Ultrafast Nonlinear Optics
G. Steinmeyer (project coordinator)
and S. Birkholz, M. Bock, R. Grunwald, J. Herrmann, A. Husakou, J. Hyyti, S. König, V. Petrov, A. Treffer, 
R. Wehner, N. Zhavoronkov

1. Overview

Within the topical focus of nonlinear optics down to the 
few-cycle regime, one highlight of the work in 2015 is 
the experimental demonstration of an adaptive and 
self-reconstructive non-collinear autocorrelation setup. 
This setup overcomes the dilemma of splitting an input 
few-cycle pulse into two identical replicas without intro-
ducing additional dispersion. Additionally, this setup is 
shown to be robust against distortions of the wave front, 
which has been deliberately introduced in one of the two 
correlator arms.

We also further pursued our investigation of extreme 
events in optical systems, analyzing the predictability of 
rogue waves in a variety of different physical systems. 
Here it was surprising to see that unpredictability is not a 
hallmark of rogue phenomena per se. In particular, it ap-
pears that ocean rogue waves are, at least in principle, 
predictable. The frequently heard statement that rogue 
waves come out of nowhere and disappear without a 
trace therefore does not seem to be correct.

A further highlight is our work on nonlinear processes in 
supercontinua, which follows a long tradition going all 
the way back to the discovery of supercontinuum gen-
eration in PCFs by soliton fission. While this process is 
remarkably efficient in generating white-light supercon-
tinua at nanojoule pulse energies, the spectral broad-
ening process concomitantly destroys the favorable 
coherence properties of light. While a lot of interesting 
phenomena result from the underlying noise amplifica-
tion process, e.g., fiber optical rogue waves, there has 
so far been no proposal how to use the large amplifica-
tion of the highly nonlinear process for actually amplify-
ing a signal. We now show such an all-photonic signal 
amplification for the first time. 

Finally, we obtained some new results in our second 
topical focus area, i.e., extreme wavelengths and atto-
second pulse generation. Here we further investigated 
the process of quasi-phase-matching the high-harmonic 
generation process in gas-nanoparticle composites and 
perform a detailed analysis on the role of the metal used 
for the nanoparticles. We then studied the role of de-
tuning and pump waveform in two-color high-harmonic 
generation schemes. We find a marked influence of 
a resulting temporal asymmetry in the driver field and 
show how this finding can be exploited for efficiency op-
timization of the process.

2. Topics and collaborations

At present the research topics of the project are:

T1: Nonlinear optics down to the few cycle limit

T2: Extreme wavelengths and attosecond pulse 
generation.

Collaboration partners: E. McGIynn (DCU, Dublin, 
Ireland), C. Fischer (Metrolux Göttingen), W. Seeber 
and M. Kracker (FSU Jena), P. Kazansky (University 
Southampton, ORC, UK), U. Wallrabe and J. Brunne 
(University Freiburg, IMTEK), M. Guina (ORC, Tam-
pere, Finland), G. Genty (TUT, Tampere, Finland),  
J. S. Skibina (Nanostructured Glass LLC, Saratov, Rus- 
sia), A. Demircan (Leibniz-Universität Hannover),  
C. Brée (Weierstraß-Institut, Berlin), A. Bjeoumikhov 
(IFG, Berlin), M. Rhodes and R. Trebino (Georgiatech, At-
lanta, GA, USA), F. Guëll (University Barcelona, Spain), 
S. Anzengruber, S. Bürger, and B. Hofmann (TU Chem-
nitz), Y. Song (Tianjin University, China), J. Jahns and  
M. Musigmann (Fernuniversität Hagen), T. Usmanov 
and I. Kulagin (Institute of Ion-Plasma and Laser Tech-
nologies, Uzbekistan), F. Benabid (Xlim Limoges, 
France), R. Ganeev (Saitama Medical University, Ja-
pan), and T. Fennel (University of Rostock).

Funding: 
• BMBF/DLR: RUS 08/103, UZB_012, FASULAM
• DFG: STE 762/9-1, STE 762/11-1, GR
 1782/14-1, and GR 1782/14-2

3. Results in 2015

T1: Nonlinear optics down to the few cycle limit  

Adaptive generation and diagnostic of few-cycle nondif-
fracting wavepackets and tailored orbital angular mo-
menta
 
Our work on flexible shaping and characterization of 
few-cycle wavepackets focuses on applications of dis-
persionless micro-electro-mechanical systems (MEMS), 
which are developed and characterized in a joint project 
with IMTEK (U Freiburg). Particular emphasis is put on 
realizing an adaptive non-collinear autocorrelator con-
cept with such a MEMS. This new approach enables for 
an improved characterization of extremely short pulses 
by a using purely reflective, piezo-driven Fresnel-bi-mir-
ror with fast (kilohertz range) angular tunability [TBK15, 
TBB]. The experimental setup and a measured second-
order autocorrelation trace of a sub-3-cycle pulse are 
shown in Figs. 1 and 2, respectively. 
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The specific functionality of MEMS axicons may not only 
serve for variable scaling but also for an ‘adaptive self-
reconstruction’ in case of localized distortions. Recently 
this property was demonstrated for the first time by auto-
correlation [TBB]. The active reconstruction of a distort-
ed autocorrelation was proven in the spatial domain as 
well as by Fourier analysis (Fig. 3). Further applications 
of MEMS for optical tomography in the time domain with 
ultrashort pulses are proposed.

Rogue waves in optics and beyond

One often hears that fluctuations in most physical sys-
tems underlie Gaussian statistics. A common example 
for such behavior is the thermal noise of resistors, which 
results in perfect normal distributions of voltage and cur-
rent. Nevertheless, a well-known counter example is 
the height distribution observed in ocean waves. Ocean 
waves show a marked deviation from a normal distri-
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Fig. 2:   
Autocorrelation of a 6-fs 
Ti:sapphire laser pulse with 
(a) an adaptive MEMS-type 
non-collinear setup in com-
parison to (b) a reference 
Michelson-type collinear 
setup [TBB].

Fig. 1:   
Experimental setup for 
the adaptive and self-
reconstructive non-collinear 
autocorrelation of ultrashort 
pulses [TBB].
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Adaptive self-reconstruction 
in temporal domain indicated 
by Fourier analysis for two 
distinct tuning angles of the 
MEMS axicon (left: undis-
torted, right: local distortion 
by a thin reflective wire). At 
the second angle (c, d), an 
approximate revival of the 
undistorted frequency spec-
trum is observed. w0 and 
w1 represent fundamental 
frequencies of autocorrela-
tion and SHG side-bands, 
respectively (angles
a1 = 0.9°, a2 = 1.2°, distance 
z = 180 mm) [TBB].
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bution, with extremely large waves appearing more fre-
quently than predicted by Gaussian statistics. These so-
called rogue waves may cause severe damage to ships 
on the ocean and other maritime structures. In the past 
years, more and more systems have been discovered 
which also show strong deviations from Gaussian sta-
tistics, e.g., optical rogue waves have been measured 
in fibers. More recently, similar extreme value statistics 
were detected in the beam profiles of multifilaments. 
While this certainly confirms that rogue waves are much 
more ubiquitous as originally thought, the question 
arises whether one can exploit the analogies across the 
systems to reach a better understanding of ocean rogue 
waves. While ocean rogue waves are very rare events, 
optical systems enable recording of many analogous 
extreme events within a split second.

Using the massive of records of rogue events measured 
in the multifilament system, similar data sets from the 
fiber-optical rogue wave scenario, and a data set of the 
original Draupner even in the North Sea on January 1, 
1995, we investigated the aspect of a possible predict-
ability of rogue waves [BBD15]. Is it really true that rogue 
waves appear out of nowhere and leave without trace? 
If the latter is confirmed, one should probably abandon 
all research on rogue waves and rather trust in building 
stronger ships. 

The outcome of this study was rather surprising. We 
originally expected to see the same behavior in all types 
of rogue waves or at least for all optical rogue wave  

systems. It turned out, however, that both the multifila-
ment system as well as the ocean wave record exhibit 
a small yet clearly detectable amount of determinism. 
Moreover, the multifilament data set contained several 
hundred rogue events, which enabled a separate test 
for predictability of these events, and, in fact, rogue 
waves in both these systems appear to be predictable. 
Translating back to ocean rogue waves, however, the 
effective time for a warning seems to be rather short. 
One can at best expect to issue a warning within a few 
ten seconds before impact of the wave. On the other 
hand, we could not observe the slightest indication for 
determinism or predictability in the fiber-optical rogue 
wave record. Only those particular rogue waves really 
appear without a warning.

The difference between predictable and unpredictable 
rogue wave seems to lie in the nature of the physical 
system. If the system is seeded by quantum noise, 
namely amplified spontaneous emission from the pump 
laser, the resulting dynamics have a completely sto-
chastic character and no prediction is possible. In con-
trast, if the system is ruled by classical mechanics there 
is always a certain amount of determinism. Predictions 
may be possible, but it is certainly not guaranteed that 
warnings of extreme events can be given in due time.

While it is certainly interesting to see that rogue waves 
do not come out of nowhere, the question on their origin 
remains. There currently exist two competing explana-
tions. On the one hand, it has been claimed that nonlin-
ear effects of the ocean system give rise to the formation 
of extreme waves. Older explanations suggested simple 
random interference of linear waves as an alternative 
explanation, cf. Fig. 4. So far, neither theory can fully 
explain observed wave height distributions. While the 
model assumptions either markedly over- or underesti-
mate the frequency of extreme waves, it appears that an 
important aspect may have been forgotten. Computa-
tion of the probability density functions always made use 
of the central limit theorem, assuming an infinite number 
of interfering waves. It turns out that one can fix the devi-
ations of the linear interference model when a finite and 
temporally variable number of interfering waves is as-
sumed. So the answer to the rogue wave phenomenon 
on the ocean may be quite simple; it may, in fact, be sim-
ple random interference of waves on the ocean surface.  
 
 
A photonic signal amplifier [HHB15]

The stochastic nature of the rogue events emerging 
during supercontinuum generation relates to ampli-
fied spontaneous emission on the input pulse train at 
the fiber input. Given the highly nonlinear propagation 
through the fiber, even tiniest changes in the input pulse 
energy result in major changes of the output spectra. 
Amplitude and phase structure of the output superconti-
nua may therefore strongly vary from shot to shot. One 
consequence of these fluctuations on the nanosecond 
time scale is the effective incompressibility of the super-
continua into a short pulse. Even if a suitable dispersion 
compensation scheme could be found for one pulse, the 
scheme would need to be adapted within ten nanosec-
onds to correctly compress the subsequent pulse. Con-

Fig. 4:   
Simulated shapes of ocean rogue waves resulting 
from linear random interference of a number of el-
ementary waves. (a) Random phases. (b) Short-lived 
phase coincidence, giving rise to one wave cycle that 
exceeds the average wave height by more than a 
factor two. (c) Same for longer lifetime of the phase 
coincidence.

(c)

(b)
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sequently, while the noise amplification process dur-
ing supercontinuum generation is certainly fascinating 
from a physics point of view, no useful applications have 
been proposed or demonstrated so far.

In a collaborative effort with Prof. Goëry Genty from 
Tampere University of Technology, we now demon-
strated that the same amplification process can also 
be obtained with a sensible signal at the fiber input. To 
this end, we used an amplitude modulator to generate 
a faint amplitude modulation (75 dBc) at 4 MHz fre-
quency, see Fig. 5. Directly detecting this signal with 
a photo diode, the modulation was barely visible on a 
radio spectrum analyzer. After propagation through the 
fiber and spectrally dispersing it, however, we could 
see a strong increase of the modulation index (up to  
10 dBc). While background noise contributions also 
experienced an enhancement, the resulting signal-to-
noise ratio was nevertheless substantially improved by 
up to 30 dB. 

To the best of our knowledge, the discussed signal am-
plification process is the first demonstration of an all-
optical signal amplification process, making only use of 
nonlinear optical effects inside the fiber. As no active 
laser gain is provided inside the fiber, the process can 
certainly only improve the signal-to-noise ratio, leading 
to a signal restoration and suppression of noise. Nev-
ertheless, such signal restoration may be highly inter-
esting for the recovery of extremely faint modulation 
signals.

T2: Extreme wavelengths and attosecond pulse 
generation

Quasi-phase-matched high-harmonic generation in gas-
nanoparticle composites [HIK15, HHK15] 

Following our previous investigations in the field of HHG 
assisted by metal nanostructures, we have studied the 
possibility to increase the interaction length (and thus 
efficiency) in a gas-nanoparticle composite. We utilize 
quasi-phase-matching to this end, with periodicity pro-
vided by modulation of the plasma density along the 
propagation axis. We have extended our previous re-
sults and now consider nanoparticles made of different 
metals. Depending on the optical properties of the metal 
and on its damage threshold, the achievable enhance-
ment of the electric field near a nanoparticle can vary 
significantly. In the framework of a cooperation with the 
group of Prof. Usmanov from Tashkent Institute of Ion-
Plasma and Laser Technologies, we have analyzed the 
possibility to achieve quasi-phase-matching of HHG and 
resulting high harmonic efficiencies, using different met-
als that are available experimentally [HHK15]. We have 
found that silver provides the best enhancement proper-
ties and is most suitable for the quasi-phase-matched 
generation of the harmonics. The efficiency of the HHG 
process and properties of the emitted harmonics were 
studied numerically in different pump regimes. As an ex-
ample, Fig. 6 shows the results for aluminum and cop-
per ellipsoidal nanoparticles.

 

Terahertz generation by optimized pump wave-forms 
[GBB15, BHu15]

Broadband ultrashort terahertz (THz) pulses can be 
generated using laser-field ionized gases by femtosec-
ond two-color pulses. Further pursuing previous investi-
gations in this field, we now studied possibilities for con-
trolling and optimizing the yield of THz generation, either 
employing optimized pump waveforms or changing the 
phase and detuning between the fundamental and the 
second harmonic input pulses. We demonstrated that 

Fig. 5:   
Working principle of the all-photonic signal amplifica-
tion process [OSN15]. A mode-locked laser pulse train 
experiences a faint amplitude modulation at a MHz 
radio frequency before being launched into a highly 
nonlinear optical fiber. A supercontinuum emerges 
at the output of the fiber. Spectrally resolving this 
supercontinuum, one sees a strong enhancement of 
the modulation in a few nanometer wide detection 
channels.

Fig. 6:   
Renormalized differential volume as a function of 
enhancement for ellipticity of 3.56 for aluminum (red 
bottom curve) and copper (blue top curve) ellipsoidal 
nanoparticles.
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a saw-tooth-like temporal shape of the pump waveform 
optimizes the free electron trajectories in such a man-
ner that they reach the highest velocity at the extrema 
of the electric field, effectively increasing the temporal 
asymmetry of the pump field [GBB15]. This asymmetry 
allows for enhancing the THz conversion efficiency to  
2 %, i.e., an unprecedented performance for THz gener-
ation in gases. Moreover, we studied the control of THz 
pulse characteristics by changing phase and detuning at 
the central frequencies of both input pulses [BHu15]. As 
shown in Fig. 7, the spectrum and the waveform of the 
THz pulses appear significantly modified by a change of 
these parameters.
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Fig. 7:   
Control of the THz pulse spectrum and the THz field 
shape by changing phase and frequency detuning 
between the fundamental and the second harmonic. 
Spectra are shown in the left panels opposite to the 
temporal shapes on the right hand side. The first, sec-
ond, and third row show the cases of zero detuning 
and phase difference Dj ≠ p/2, the same with  
Dj = p/2, as well as for positive detuning and  
Dj = Δϕ = π/2, respectively.
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1.2: Ultrafast Laser Physics
V. Petrov, U. Griebner (project coordinators)
and F. Bach, M. Bock, A. Gitin, L. v. Grafenstein, R. Jung, M. Kalashnikov, N. Khodakovskiy, M. Mero, X. Mateos, 
F. Noack†, J. Tümmler, I. Will, Y. Wang

1. Overview

The main objective of this project is to develop advanced 
laser systems for ultrashort pulses in the near- and mid-
infrared (IR) wavelength range. To this aim, new laser 
geometries and pump sources, special operational 
modes and pulse-shaping techniques are investigated. 
A major part of the results generated in this project is 
directly applied for implementing new laser systems for 
other research projects. 

Power scalable ultrafast laser systems based on ultra-
broadband optical parametric amplification (OPA) at lon-
ger (>2 µm) wavelengths are desirable for shorter cut-off 
wavelengths in high-harmonic generation and for driv-
ing hard X-ray plasma sources. They will benefit from 
operation around degeneracy. For all-solid-state chirped 
pulse OPA (OPCPA) this requires not only sub-50 fs 
oscillators as alternatives to Ti:sapphire seed sources 
but also novel laser systems operating at half the seed 
wavelength with longer pulse durations from few 100 fs 
up to few 100 ps or even nanoseconds as pump sources. 
Picosecond pulses amplified in Yb-based modules will 
be optimum for pumping OPCPA schemes operating in 
the few-cycle regime seeded by ultrafast 2-µm lasers 
while moving to yet longer wavelengths in the mid-IR 
requires amplified picosecond or nanosecond pulses in 
the 2-µm spectral range. Depending on the particular 
wavelengths, extreme OPA bandwidths can be obtained 
with specially designed pulse shaping schemes and non-
linear crystals also away from degeneracy. A great deal 
of the activities within this project is devoted to explor-
ing components for such systems which includes char-
acterization and testing of various laser and nonlinear 
materials in diverse operational regimes. The first com-
plete OPA system for use in other MBI projects, a novel  
100-kHz few-cycle OPCPA source, is pumped at ~1 µm 
and seeded near 1.5 µm, with the option for generation of 
broadband femtosecond pulses also at ~3 µm. The first 
two OPA stages of this system were completed in 2015, 
providing output energies already at the desired level. 
The work on the second large scale OPCPA system tar-
geting the 5-µm wavelength range in the mid-IR and aim-
ing at sub-100 fs, 1 kHz pulses, has continued in 2015 
with the development of the pump channel at ~2 µm with 
unprecedented output parameters and implementation of 
the pulse shaping/stretching and synchronization.

A separate topic of the project encompasses the devel-
opment of picosecond thin-disk amplifiers of high aver-
age power. This development work was supported by 
the EU within the framework of an EFRE project as col-
laboration between MBI and the Ferdinand-Braun-Insti-
tut, Leibniz-Institut für Höchstfrequenztechnik (FBH). In 
this context, the FBH developed and manufactured the 
required high-power pump diodes.

The thin-disk laser systems pumped with the FBH di-
odes have been continuously improved and simultane-
ously used for pumping a high-power OPCPA system 
to produce few-cycle pulses (Project 4.1), as well as a 
plasma X-ray laser (Project 3.3). The latter was also in-
cluded in the Laserlab-Europe Access program. Within 
this program the laser was used at the MBI for several 
weeks by a group from the National Institute for Laser, 
Plasma & Radiation Physics Bucharest-Magurele (Ro-
mania). The experiments were related to the optimiza-
tion of the X-ray laser by using a temporarily shaped 
laser pulse for pumping.

Activities on the high-field laser (HFL) part of the proj-
ect, were primarily focused on development of meth-
ods for improvement of the pulse parameters of the 
Ti:sapphire based laser sources. This concerns broad-
ening the amplification bandwidth of the Ti:sapphire 
medium and improvement of the temporal contrast.  

 
2. Topics and collaborations

At present the project is organized in three topics:

T1: High average power thin-disk lasers

Partly supported by EU EFRE and Laserlab JRA EU-
ROLITE
• scaling of thin-disk laser technology to high pulse en-

ergy and exploring the limits of the solutions developed, 
• demonstration of the developed technology by means of 

a Yb:YAG thin-disk laser system with CPA that delivers 
pulses of more than 1 J total energy.

T2: Ultrahigh intensity lasers 

Partly supported by EU EUROLITE and Marie 
Skłodowska-Curie Foundation (JMAP) projects
• development of methods for broad band amplification 

in the Ti:sapphire active medium,
• development of diagnostics and characterization of 

the temporal contrast of recompressed CPA laser 
pulses on a picosecond time scale.

T3: Power scaling of diode-pumped femtosecond 
laser systems beyond Ti:sapphire

Partly supported by SAW and Marie Skłodowska-Curie 
projects
• ultrafast lasers/amplifiers based on different dopant-

host combinations for the 1 to 2-μm spectral range,
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• second-order nonlinear frequency conversion for 
ultrafast systems, especially OPA and OPCPA for 
down conversion to longer wavelengths in the near- 
and mid-IR.

Collaboration partners: F. Diaz (University Tarragona, 
Spain), P. Fuhrberg (LISA laser OHG), H. Zhang (Shan-
dong University, P. R. China), F. Rotermund (Ajou 
University, Korea), M. Tonelli (University Pisa, Italy),  
A. Agnesi (Pavia University, Italy), J. Liu (Qindao Univer-
sity, China), A. Kovacs, K. Osvay (University Szeged, 
Hungary), M. Romanovsky (General Physics Institute, 
Russia), A. Savelev (Moscow State University, Russia),  
J. P. Chambaret (ILE, France), J.-Ch. Chanteloup (LULI, 
Palaiseau, France), S. Schad (TRUMPF Lasers GmbH), 
B. Kanngießer (TU Berlin), L. Isaenko (DTIM Novosi-
birsk, Russia), V. Pasiskevicius, (KTH, Stockholm, Swe-
den), P. Schunemann (BAE Systems, Nashua, USA), 
V. Badikov (HTL, Krasnodar, Russia), K. Kato (Chi-
tose, Japan), l. Buchvarov (Sofia University, Bulgaria),  
M. Ebrahim-Zadeh (ICFO, Barcelona, Spain), M. Eich-
horn (ISL, France), V. Panyutin (Kuban State Univer-
sity, Russia), A. Leitenstorfer (University of Konstanz),  
G. Arisholm (FFI, Norway).

3. Results in 2015 

 
T1: High average power thin-disk lasers 

The development of picosecond high-power thin-disk la-
sers was a joint initiative between the MBI and the FBH. 
This initiative was financially supported by EU EFRE 
funds. The goal of this project was to establish the tech-
nology for diode-pumped solid-state laser systems gen-
erating high pulse energies exceeding 1 J at a repetition 
rate of 100…200 Hz, which corresponds to an average 
output power of 100…200 W.

In this context, a particular important milestone of the 
project was the development and production of fiber 
coupled pump diodes delivering 6 kW peak power at  
20 % duty cycle at the FBH. These pump diodes have  
been delivered in 2014 and 2015 to the MBI and were 
used for the development of high-power thin-disk  
amplifiers.  
 
Each of the two amplifier chains of the two-channel thin-
disk laser system contains a regenerative preamplifier 
and a final ring amplifier (for details see the MBI annual 

report 2014, Project 1.2). By means of the newly deliv-
ered pump diodes, we increased the pump power for the 
ring amplifier to 12 kW for each of the two pump heads 
installed in the amplifier – in total 24 kW. In addition, we 
were able to optimize the regenerative pre-amplifier and 
thus increase the seed pulse energy for the final ring 
amplifiers to more than 300 mJ energy. The two techno-
logical improvements together allowed us to reduce the 
number of round-trips in the ring amplifier to two. The 
consequence was the elimination of the Pockels cells, 
which had limited the beam diameter in the ring amplifier 
(see Fig. 1). As a result, an output energy Eout > 1 J was 
extracted from a single ring amplifier. Figure 2 shows 
the output pulse energy of the final ring amplifier in de-
pendence on the energy of the input pulses.

In summary, the work of the EFRE-financed part of 
the project led to the demonstration of the two-channel 
Yb:YAG thin-disk laser system that can produce pulses of 
E > 1 J energy per laser channel at 100 Hz repetition rate. 

Significant effort was spent in 2015 for further optimizing 
the thin-disk laser that is needed for pumping a high-
pulse energy OPCPA system. Thus, one of the thin-disk 
lasers was configured to produce two synchronous, fre-
quency doubled laser pulses with 100 mJ pulse energy 
at 515 nm wavelength and 100 Hz repetition rate. 

The duration of the pulses after conversion to green 
light amounts to 2 ps (FWHM). Particular attention was 
paid to obtain a stable and smooth profile of the pump 

Fig. 2:   
Output pulse energy of the thin-disk ring amplifier vs. 
seed pulse energy. 
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beam, required for pumping the final OPCPA crystal 
with a 10 mm diameter at an average intensity level of  
50 GW/cm2. As shown in the scheme of the pump la-
ser (Fig. 3), the desired pulse energy was achieved with 
two regenerative power amplifiers that operate with up 
to 0.3 J pulse energy (Fig. 4) with a beam diameter of 
4 mm. In order to produce stable output beams and sup-
press local intensity peaks in the beam profile, spatial 
filters were installed in both channels before and after 
the grating compressor. Additional spatial filters for the 
green pulses in each of the three pump channels re-
lay-image the beam in the frequency doubling crystals 
and enable setting the beam sizes in each of the OPA 
crystals independently. Details on the operation of the 
OPCPA stages can be found in the report of Project 4.1.

In 2015, the two thin-disk laser systems were used as 
pump sources in two other projects on a daily basis:

• One of the two thin-disk laser systems mentioned 
 above was used as a pump source for the develop- 
 ment of a terawatt OPCPA system (see Project 4.1). 
• The second thin-disk laser system served regularly 
 for pumping a plasma X-ray laser (Project 3.3) which 
 is included in the Laserlab-Europe Access program 
 and used by external groups such as the National In- 
 stitute for Laser, Plasma & Radiation Physics (INFL- 
 PR) in Bucharest-Magurele, Romania.

T2: Ultrahigh intensity lasers

Broad band amplification in the Ti:Sa active medium

Most of modern high peak power and short pulse la-
ser systems rely upon Titanium Sapphire (Ti:Sa) as the 
amplifier material due to its broad emission spectrum, 
high thermal conductivity and the relatively low quality 
requirements to the pump pulses. However, gain nar-
rowing and saturation limit the achievable pulse duration 
to about 40 fs. 

The problem of limited bandwidth can be resolved 
by a new amplification technique called polarization 
encoded chirped pulse amplification (PE-CPA) that 
was developed at the MBI last year. The technique is 
based on using the difference of π- and σ-emission 
cross-sections of Ti:Sa and optical rotatorydisper-
sion (ORD) to encode/decode directions of polariza-
tion vectors of spectral components. This results in 
an effective re-shaping of the spectral gain. Hence 
the amplification bandwidth can be kept broad whilst 
maintaining the efficiency of amplification. As the ef-
fective spectral gain is tuned, unlike in spectral shap-
ing of the beam, the overall amplification process 
can be kept lossless and efficient. This technique is 
particularly advantageous for intermediate and pow-
er amplifiers of ultrashort pulse large scale systems 

Fig. 3:   
Thin-disk laser system based on two regenerative amplifiers (1030 nm, red) with frequency doubling (515 nm, green) as 
pump source for the high pulse-energy OPCPA system.

Fig. 4:   
Regenerative thin-disk amplifier: output pulse energy 
of 306 mJ +/- 0.8 % (rms) of one amplifier during a 
time interval of 2.5 h. 
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where the energy extraction, rather than total gain, is 
of major importance.

Before amplification the polarization vectors of the spec-
tral components are encoded using an ORD quartz crys-
tal (right rotating quartz in Fig. 5(b)) with the resulting 
distribution between π- and σ-cross-sections (Fig. 5(a)). 
The components around the central and most intense 
part of the spectrum are directed closer to the σ-axis, 
while the sides of the spectral band are aligned towards 
the π-axis. The emission cross-section of σ-polarized 
light is nearly 0.4 of the π-polarized light and this allows 
one to shape the spectral gain in a way that the spectral 
dependence of the emission cross-section and thus the 
gain narrowing can be substantially reduced. After am-
plification, the second quartz crystal (left rotating quartz 
in Fig. 5(b)), with an opposite sign of ORD decodes the 
polarization state of the spectral components. The two 
achromatic l/2 plates are used to fit the whole polar-
ization encoded spectral distribution between π- and 
σ-directions. Birefringence in Ti:Sa leading to a temporal 
walk-off between the π- and σ-components can be com-
pensated by the addition of an un-doped, but orthogo-
nally oriented sapphire of the same thickness.

The optimum thickness of the quartz crystal resulting in 
the broadest bandwidth is 17.4 mm. It was found from 
computer modeling of the PE-CPA amplifier (Fig. 5(b)). 
The software used for modeling the PE-CPA amplifica-
tion is based on a spectrally dependent model of ampli-

fication of strongly chirped pulses. It includes saturation 
of amplification and ORD encoding and decoding of po-
larization vectors.

The proof-of-principle experiment was accomplished 
using the 10 Hz, mJ-class laser system at MBI. The  
20 fs pulses from an oscillator (Femtolaser) were 
stretched to 120 ps and amplified in a 10-pass Ti:Sa 
amplifier to ~1 mJ. The 35 nm bandwidth pulses were 
compressed to their transform limited pulse duration of 
28 fs using a diffraction grating compressor.

The polarization encoded amplifier was built in a 6 pass 
configuration with a Ti:Sa crystal of 15 mm thickness 
and 20 mm diameter. It was pumped from both sides 
by the second harmonic beam of a Q-switched Nd:YAG 
laser (Big Sky, CFR, repetition rate: 10 Hz). The diam-
eter of the seed pulse was about 2.5 mm and the pump 
diameter was de-magnified from 6 to 2.5 mm by two 
lenses (focal lengths: 1 m). An un-doped sapphire cut 
as the doped one (thickness of 15 mm) was mounted 
next to the Ti:Sa crystal. To compensate for the inher-
ent temporal walk-off both crystals had orthogonally 
directed c-axis. To minimize uncompensated walk-off, 
the incident angles of the amplified beams on the active 
medium were kept as small as possible and the total 
length of the amplifier was set to 2.1 m. The sapphire 
crystal was mounted on a fine rotator stage and was ad-
justed to eliminate the spectral interference fringes from 
the outgoing amplified spectrum.

Fig. 5:   
Polarization encoded chirped pulse 
amplification (PE-CPA): (a) distribution 
of polarization directions of spectral 
components by a 17.4 mm optical rota-
tory dispersion quartz for the shown 
wavelengths in the figure; (b) principle 
schematic of PE-CPA.

Fig. 6:   
Polarization encoded chirped pulse amplification (PE-CPA): (a) high gain case, amplified spectra with (solid line) 
and without (dashed line) for a PE gain of ~200; (b) low gain case, spectra of the seed (solid) and amplified decoded 
π-polarized (dashed line) and σ-polarized (dot line) components for a PE gain of ~30.
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To show the broadband amplification capability of the 
scheme, the bandwidth of the seed pulse was broad-
ened in a self-phase modulation (SPM) stage and 
stretched in a bulk medium resulting in a nearly rect-
angular spectrum with FWHM of ~90 nm. Two sets of 
experiments were carried out: with high (~200) and low 
(~30) PE gain. In the first set of experiments the seed 
pulse coming from the first amplification stage was re-
compressed to 28 fs, broadened by SPM by loosely 
focusing into a 5 mm BK7 glass plate to reach a band-
width of ~90 nm. After stretching by multi-passing a SF6 
glass block (80 cm path) and after passing through a 
λ/2 plate and the first ORD quartz the 35 μJ seed pulse 
was injected in the amplifier. The experimental results 
are presented in Figs. 6(a) and (b). In the high gain case 
the bandwidth (80 nm) is conserved, while in a low gain 
case with the seed FWHM of 33 nm the amplified spec-
trum is broadened to ~47 nm.

It is worth to mention that the amplification process leads 
to observable spectral mismatch of polarization states. 
As a result the spectrum cannot be fully decoded back 
to the initial linear polarization which leads to energy 
losses that in the case of a moderate gain (~ 20-30) do 
not exceed 30 %. The latter value can be improved by 
increasing the thickness of the decoding quartz. The dip 
in the center of the spectrum is related to the difference 
in the values of π- and σ-cross-sections which appears 
to be too large for a ‘smooth’ amplification.

The computer modeling of a PE-CPA Ti:Sa amplifier 
predicts seed pulses broader than the spectral band-
width achieved so far. A 200 nm broad spectrum should 
be attainable at a multi-joule level. This output requires 
seed pulses with a smooth spectrum preferably of a 
Gaussian shape. An example of the computer model-
ing of a four pass PE-CPA amplifier pumped by 50 J 
and seeded by a 2 J Gaussian-shaped pulse (FWHM:  
180 nm) is shown in Fig. 7. After amplification the spec-
trum is broadened to 200 nm. Nearly 30 % depolariza-
tion losses can be compensated by doubling the thick-
ness of the decoding quartz.

In 2016 further investigations of the new PE-CPA meth-
od of amplification will be performed aiming to mitigate 
the dip appearing in the pulse spectrum and test the 
ability to recompress the pulse.

 
T3: Power scaling of diode-pumped fs laser sys-
tems beyond Ti:sapphire

Laser damage studies of mid-IR nonlinear crystals for 
optical parametric amplification 

Laser damage presents one of the major limitations 
when applying nonlinear optical crystals for frequency 
conversion of existing coherent sources. The situation is 
most critical in frequency down-conversion of high ener-
gy and average power to longer wavelengths where no 
solid-state lasers exist. In parametric converters which 
require a single pump source the nonlinear process 
starts from quantum noise and the threshold is higher 
compared to difference-frequency generation (DFG). 
In addition, traveling-wave schemes (without a cavity) 
such as OPGs (or OPAs) require yet higher pump in-
tensities. Often the threshold cannot be reached before 
damage occurs. Optical damage issues in nonlinear 
crystals are even more pronounced for down-conver-
sion into the mid-IR because (i) non-oxide crystals ex-
hibit smaller band-gap and inferior thermo-mechanical 
properties compared to oxides and (ii) the concentration 
of defects and residual absorption are always higher in 
such nonlinear crystals.

In 2015, laser-induced damage threshold (LIDT) mea-
surements in dependence on few parameters (wave-
length, pulse duration, repetition rate, spot size, coating 
etc.) were performed on a number of crystals that can 
be pumped near 1 µm and are transparent in the mid-
IR: LiNbO3, LiGaS2, LiGaSe2, BaGa4Se7, CdSiP2, etc. 
The II-IV-V2 chalcopyrite CdSiP2 (CSP) is transparent 
up to about 6.5 µm and with its extremely high nonlinear 
coefficient (~80 pm/V) an ideal candidate for noncritical 
frequency down conversion with high-power 1 µm laser 

Fig. 7:   
Simulation of a saturated PE-CPA amplifier. The seed pulse has a Gaussian spectrum with FWHM = 180 nm; pump 
energy: 50 J, seed energy: 2 J, 4 passes. (a) The thicknesses of encoding and decoding quartz plates are equal 
(17.4 mm). (b) The second quartz plate is 35 mm thick.
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sources if the damage resistivity could be improved. The 
combined effects of reduced absorption features along 
with superior surface preparation resulted in a signifi-
cant improvement in the LIDT near both 1 and 2 µm for 
the “new” CSP sample (CSP 2) versus that previously 
obtained for the “old” CSP sample (CSP 1), see Fig. 8.

The LIDT (0 %-damage probability) at 2.09 µm cor-
responds to 1.7 J/cm2 for the “new” CSP sample 
(CSP 2) whereas it was 0.9 J/cm² for the previous 
sample (CSP 1). The 100 %-damage probability is at  
10.6 J/cm2 for CSP 2 and 3 J/cm² for CSP 1. Thus, at 
2.09 µm the new CSP crystal (CSP 2) exhibits approxi-
mately two times higher laser damage resistivity than 
the previous sample (CSP 1). The high dispersion of 
the R-on-1 data for the new CSP sample (between 1.7 
and 10.6 J/cm²) could be explained by low density of de-
fects responsible for surface damage in this crystal. At  
1.064 µm, the LIDT obtained is 0.35 J/cm2 for the “new” 
CSP sample (CSP 2) whereas it was 0.27 J/cm² for the 
previous sample (CSP 1). The 100 %-damage probabil-
ity is at 0.6 J/cm2 for CSP 2 and 0.4 J/cm² for CSP 1.

There exist only sporadic studies on the optical break-
down threshold in LiNbO3 (LN) with high-repetition-
rate amplified ultrafast laser systems near 1 µm. We 
performed a systematic study of a wide range of such 
samples using a 1.03-µm, 1-ps Yb amplifier system. 
The samples included uncoated and anti-reflection (AR) 
coated 5 mol% MgO-doped congruent LN crystals. In or-
der to explore the effect of a varying thermal load on the 
crystals due to residual absorption, we conducted the 
experiments at a repetition rate of 10 and 100 kHz, and 
a laser spot size at full width at half maximum (FWHM) 
of 100 µm. 4 uncoated and 5 AR-coated LN samples 
are investigated. For the uncoated samples, the dam-
age thresholds were 1.05 ± 0.09 J/cm2 at 10 kHz and 
0.62 ± 0.07 J/cm2 at 100 kHz with the error bars rep-
resenting the standard deviation of 11 values at each 
repetition rate. For the AR-coated samples, the damage 
thresholds were 0.89 ± 0.09 J/cm2 at 10 kHz and 0.46 ± 
0.04 J/cm2 at 100 kHz, where 24 single threshold values 
were used to determine the error bars at 100 kHz and 

only 13 sites were used to determine the error bars at 
10 kHz repetition rate. The results indicate that (i) the 
damage threshold drops by approximately 50 %, when 
increasing the repetition rate from 10 to 100 kHz and (ii) 
the AR-coating reduces somewhat the surface damage 
resistivity.

 
100-kHz OPCPA at 1.55 µm/3.1 µm

The large scale SAW project launched in 2012 is de-
voted to the development of a high average power 
OPCPA system pumped with 1.03-µm pulses at a rep-
etition rate of 100 kHz with a dual output of 1.55 µm, 
carrier-envelope phase (CEP)-stable and 3.1 µm, non-
CEP stable beams. The free-running 1.55-µm Er-laser 
front-end exhibits massive CEP jitter with white fre-
quency noise spectrum with an upper cut-off frequency 
of about 2 MHz As a comparison, current state-of-the-
art CEP stabilization techniques provide an effective 
servo bandwidth only up to a few 100 kHz. In 2015, we 
implemented a patent pending feed-forward CEP cor-
rection scheme, which can, in principle, provide a high 
enough effective servo bandwidth to push the CEP jitter 
below a few 100 mrad in the corrected laser pulse train. 
However, it turned out that the f-to-2f beatnote signal, 
which is the rf seed source of the driver electronics, ex-
hibits an amplitude noise spectrum essentially identical 
to that of the CE offset frequency noise rendering out-
of-loop CEP noise characterization impossible and the 
CEP-corrected laser pulse train useless for seeding an 
OPCPA due to the high frequency random pulse energy 
fluctuations. As a low-noise replacement Er-fiber oscil-
lator had not been available in the short-term, active 
CEP stabilization at 1.55 µm was abandoned in favour 
of passive CEP stabilization schemes and the develop-
ment of a new OPCPA architecture started from scratch.

The present status of the OPCPA system is shown 
in Fig. 9. Two amplifier stages were installed, which 
will serve as the front-end of the future third stage, 
which will be implemented in 2016. A bulk compres-
sor was also included to demonstrate re-compressibil-

Fig. 8:   
R-on-1 laser damage curves at 2.09 µm (a) and 1.064 µm (b) on the “new” CSP crystal (CSP 2) compared with the results 
for the previous CSP sample (CSP 1) obtained under identical conditions.
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ity of the signal pulses. The first OPCPA is a collinear  
MgO-doped PPLN stage providing 1.8-µJ signal pulses 
at 1.55 µm at a pump pulse energy of 25 µJ and a gain 
of 1800. The high gain in the first stage leads to neg-
ligible gain narrowing and the transform-limited pulse 
duration remains below 35 fs. The second OPCPA is 
a noncollinear KTA stage providing 96-µJ signal puls-
es and 47-µJ, 3.1-µm idler pulses, when pumped with  
500-µJ pulses. Due to DFG in the OPCPA, the idler 
pulses are potentially passively CEP stabilized, but are 
angularly dispersed because of the noncollinear amplifi-
er geometry. The pump-to-signal energy conversion effi-
ciency in the second stage reaches a record high value of  
19 %. The level of amplified parametric superfluores-
cence is << 1 % even with the seed blocked before the 

OPCPA stages. The signal pulses can be re-compres- 
sed in AR-coated fused silica to near the transform lim-
ited duration of ~50 fs with negligible losses (c.f. Fig. 10) 
leading to an unprecedented combination of high aver-
age- and peak-power at a repetition rate of 100 kHz. 

1-kHz OPCPA at 5 µm

The second SAW project started in 2014 aims at the de-
velopment of a high energy (>1 mJ) OPCPA system at a 
repetition rate of 1 kHz with sub-100 fs pulses at 5 µm. 
In the second year the main activities were devoted to 
the implementation of the the pump line at 2 µm. The 
main 2-µm chirped pulse amplifier system is based on 

Fig. 9:   
Present status of the 100-kHz 1.55-µm/3.1-µm OPCPA system.

Fig. 10:   
Re-compressed signal pulses after the second OPA stage: (a) retrieved temporal intensity and phase and (b) spectral 
intensity and phase. The FWHM pulse duration is 52 fs. Inset (a): near field beam profile.
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Ho:YLF and consists of a regenerative amplifier (RA) 
and a booster amplifier running at room temperature. 

The RA is designed as a ring cavity using an AR-coated, 
50 mm long, 0.5 % Ho-doped YLF rod as active medium. 
An RTP Pockels cell, operating in the λ/2 regime, ensures 
for injecting the seed pulse and extracting the amplified 
pulse. The single-rod booster amplifier is utilized in a sin-
gle-pass geometry and based on 50-mm long, 0.75 % 
Ho-doped YLF rod. Both direct water-cooled Ho:YLF 
crystals are end-pumped by randomly-polarized contin-
uous-wave Tm:fiber lasers emitting at 1.94 µm. Chirped 
volume Bragg gratings (CVBG) are employed to stretch 
and compress the pulses.

Ho:YLF exhibits an upper state lifetime t of ~14 ms. 
When operating at repetition rates near 1 kHz, which 
is slightly higher than the inverse t, complex behavior 

may appear in cw-pumped RAs [M. Grishin et al.; Opt. 
Express 15 (2007) 9434], including periodic double-
pulsing and multi-stabilities. We performed numerical 
simulations of the bifurcation diagrams for few-kHz rep-
etition rate Ho:YLF regenerative amplifiers. A modified 
Frantz-Nodvik equation [L. M. Frantz and J. S. Nodvik; 
J. Appl. Phys. 34 (1963) 2346] is used for calculation of 
the pulse amplification. The calculated bifurcation dia-
gram for a 2 kHz repetition rate is shown in Fig. 11(a) for 
25 round trips. The analysis displays the typical multi-
stabilities of Ho:YLF RA’s when operating at few-kHz 
repetition rate.

To check the validity of the calculations, we examine 
the bifurcation diagram of the RA at 2 kHz repetition rate 
by evaluating the pulse energy distributions for pump power 
values between 5 and 51 W (Fig. 11(b)). The amplification 
threshold is at a pump power of ~8 W, followed by a 

Fig. 11:   
Characterization of the Ho:YLF regenerative amplifier pulse train dynamics at 2 kHz repetition rate. Simulated (a) and 
measured (b) bifurcation diagram in dependence on pump power (OP: operation point for seeding the booster amplifier). 
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range with a linear increase of single-pulse energy with 
pump power. This interval ends at a first bifurcation lo-
cated at a pump power of 18 W (output pulse energy 
0.5 mJ). After the first bifurcation point a short region of 
period-doubling starts before the onset of chaotic behav-
ior at ~25 W pump power. Saturation of the amplifier is 
reached at ~40 W with a pulse energy of 10.5 mJ. Above 
45 W pump power the chaotic region turns into a stable 
periodic-doubling regime. The measured bifurcation 
diagram is consistent with our simulations (Fig. 11(a)). 
The stable emission in the upper bifurcation branch de-
livers up to 10 mJ pulse energy at 1 kHz repetition rate 
whereas the pulse energy in the lower bifurcation arm is 
50 µJ only and remains nearly unchanged with increas-
ing pump power. We observe an excellent stability for 
both, the long and short-term measurement with pulse-
to-pulse rms-values <0.9 %. The saturation of the gain 
medium in every second amplification cycle ensures the 
remarkably good stability. The very high pulse energy of 
10 mJ corresponds to a net gain of ~107 and yields the 
maximum average power of 10 W. For the applied pump 
power of 47 W, this corresponds to a high optical-to-
optical efficiency of 21 %.

Figure 12(a) shows the pulse energy vs. pump power 
for single-pass amplification at 1 kHz repetition rate 
measured with seed pulses of 9.5 mJ energy from the 
RA. The single-pass amplifier output was 34 mJ in ther-
mal equilibrium and for optimized mode overlap at the 
maximum cw pump power of ~105 W. This pulse en-
ergy corresponds to an average power of 34 W and a 
sizeable extraction efficiency of 23 %. The long-term 
stability as well as the short term peak-to-peak fluctua-
tions of the RA is preserved in the single pass amplifica-
tion. The measured pulse-to-pulse stability amounts to  
<0.9 % rms in the 34 mJ kilohertz pulse train. Similar to 
the pulse stability, the beam quality after the booster is 
nearly unaffected by the amplification process and mea-
sured to be better than an M2 of 1.2 (inset Fig. 12a).

The recorded optical spectrum is centered at 2.051 µm 
with a FWHM of 2.9 nm (inset, Fig. 12(b)). To prevent 
damage of the available compressor CVBG we limited 
the pulse energy for compression to 11 mJ. Single-pass-
ing the CVBG the pulse duration is 37 ps after the first 
booster amplifier (Fig. 12(b)).

In 2016, the implementation of femtosecond mid-IR 
parametric amplifiers will be performed.
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2.1: Laser Plasma Dynamics and Particle Acceleration
M. Schnürer (project coordinator)
and A. A. Andreev (also at Vavilov State Optical Institute, St. Petersburg, Russia), F. Abicht, J. Bränzel, L. Ehrentraut, 
Ch. Koschitzki, A. Lübcke, D. Casas (guest), P.V. Nickles (guest)

1. Overview

The main goal of the project is the investigation and 
optimization of the dynamics in laser-plasma particle 
accelerators. Acceleration is based on the interaction 
of an intense ultra-short laser pulse with plasma. The 
research is maintained by MBI’s high-field laser infra-
structure (Project 4.2) with two optically synchronized, 
10 Hz ultra-high intensity lasers, providing ultra-high 
contrast pulses with a peak power/pulse duration of  
100 TW / 25 fs and 70 TW / 35 fs.

MBI is part of the national DFG TRANSREGIO 18 col-
laboration, comprising the major German laboratories 
in the field of relativistic plasma dynamics. Within this 
collaboration laser driven ion and electron acceleration 
is being studied over a wide range of laser parameters, 
with applications in plasma physics.

The dual beam MBI system represents the experi-
mental base for novel particle acceleration and short 
wavelength radiation experiments. In the third period of 
the TR18 which started in January 2013, the two-beam 
Ti:sapphire laser facility in the High-Field Laser Appli-
cation Laboratory at MBI has already enabled complex 
pump-probe experiments. During 2015 experimental 
projects using the 70 TW and 100 TW-laser in parallel 
were performed.

 
The project has two major topics:

a) The first topic about relativistic plasma dynamics fo-
cuses on the investigation of laser driven ion/proton ac-
celeration. Research concentrates on a detailed study of 
energy transfer processes in relativistic plasmas, includ-
ing effects of collective electron motion in ultra-strong 
laser fields. In 2015 experiments and theoretical simu-
lation focused on the influence of target surface struc-
ture in comparison to other optimization routes. This will 
have an impact on target development in respect to cost 
effective and robust systems which provide ion pulses at 
moderate repetition rate of about 10 Hz. 

Achievable intensities of the order of 1020 W/cm2 allow 
the investigation of radiation pressure dominated pro-
cesses. New target systems, such as, e.g., mass-limited 
targets and ultra-thin foil targets, are in the focus of ion 
acceleration research as they enable a higher energy 
transfer efficiency. Already last year surprising results 
were achieved with ultra-thin foils supporting a heavy 
metal layer, enabling efficient laser plasma driven heavy 
ion acceleration. All experiments rely on temporal pulse 
cleaning (contrast improvement) with unprecedented 
values due to a combination of a XPW-frontend, novel 

pre-amplifier architectures (cf. research in Project 1.2) 
and a double plasma mirror at MBI. The in-house target 
lab develops methods to produce freestanding polymer 
and metal foils in the nm range, as well as freestanding 
two component targets (metal coated ultra-thin polymer 
foils). These targets and characterization methods pro-
vide a principal background for interaction experiments 
exploring the interplay between electron dynamics and 
efficient ion acceleration. 

b) The second topic on electron acceleration is aiming 
at the investigation of interaction schemes allowing for 
stable GeV-electron beam production. This research re-
quires a heavily radiation shielded “Bunker” area and 
radiation surveillance systems that are in operation. The 
development of stable acceleration schemes is a key re-
quirement for brilliant X-ray sources and electron accel-
erators. Beside the use of implemented laser and target 
diagnostics the optical interferometry of the laser driven 
gas target has been applied in different phase configu-
rations. During the second half of 2015 a specific prob-
lem concerning the last power amplifier (cf. Project 4.2) 
of the 100 TW laser was solved. This allows now much 
better parameter scans in electron acceleration experi-
ments. The demonstration of electron bunches with 300 
MeV energy and only 1 % bandwidth is an important 
milestone for future injector – post accelerator schemes. 

2. Topics and collaborations

 
T1: Relativistic laser plasmas and ion acceleration

Collaboration partners: Univ. Düsseldorf, Univ. Jena, 
LMU München, MPQ Garching: joint projects within the 
national Transregio 18, project supported by the DFG; 
plasma theory: V. T. Tikhonchuk (CELIA, Université 
Bordeaux 1, France); experiment: A. Zigler (Hebrew 
University, Jerusalem, Israel), S. Ter-Avetisyan (GIST, 
Korea), P. Gibbon (Jülich Supercomputing Center),  
V. Malka (LOA, France), D. Batani (Univ. Milano, Italy), 
T. Sokollik (Key Laboratory for Laser Plasmas, Shang-
hai Jiao Tong University, China).
In-house-collaborations with Projects 1.2, 3.2, 3.3, and 4.2.

T2: Electron acceleration

Transregio 18 partners: Univ. Düsseldorf, Univ. Jena, 
LMU München, MPQ Garching, S. Steinke (LBNL, 
USA), experiment, L. Yu (Key Laboratory for Laser Plas-
mas Shanghai Jiao Tong University, China), theory.
In-house collaborations with Projects 1.2, 3.2, and 3.3.
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3. Results in 2015

T1: Relativistic laser plasmas and ion acceleration 

Complementary imaging of acceleration and deflection 
fields in laser-ion-acceleration

By means of a short and intense laser pulse a charge 
separation in plasma can be produced, that leads to a 
strong and directed electrical field in a small microme-
ter to millimeter sized volume. This field accelerates 
charged particles to high velocities, where the maximum 
field gradient determines the length of the acceleration 
unit. In ionized matter, or plasma, these gradients can 
be substantially higher than those of vacuum-solid inter-
faces in conventional HF-cavities. This situation drives 
the interest in physics and technology of plasma based 
particle acceleration. The lifetime and dynamics of laser 
initiated acceleration fields depend on energy dissipa-
tion processes which are coupled to electrons with rela-

tivistic velocities. Typically, the time scale of these pro-
cesses extends over several times the pulse duration, 
which results in highly transient acceleration field struc-
tures. Characterization of these fields is not only impor-
tant to conclude about the plasma kinematics involved 
in the acceleration process but also to investigate the 
potential of cascaded acceleration schemes and the ap-
plication of charged particle injection. The focus of our 
investigation is not only on the target normal component 
of the electric field, which plays the key role in target 
normal sheath acceleration (TNSA), but also on the ra-
dial electric field component (parallel to the foil surface) 
and the occurring toroidal magnetic field.

In the experiments, a (pump) laser pulse of the 100 TW 
laser arm interacts with a 30 nm polymer (C5H7O2) foil 
with a solid state electron density ne0 of 3 x 1023 1/cm3. 
The associated and fast evolving field structure of this 
interaction is investigated by means of a (probing) pro-
ton beam that is created with the help of the 70 TW laser 

Fig. 2:   
Experimental (upper) and simulated (lower) streak deflections in transversal (right) and longitudinal (left) configura-
tion. (The simulation result (left) is restricted to one half of the picture.)

Fig. 1:   
Experimental setup 
of the longitudinal and 
transversal proton 
probing of a laser 
irradiated thin foil.  
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arm (for further laser parameters see project 4.2). This 
“probing” proton beam stems from laser irradiated titani-
um foils (5 µm thick) and its adherent CH-contamination.

The experimental setups in transversal and longitudinal 
imaging configuration are illustrated in Figs. 1(a) and 
1(b), respectively. The only difference between both set-
ups consists in a rotation of the interaction (polymer) foil 
by 90° while the incident angle of the pump laser pulse 
remains constant. 

In the experiment we gain the temporal information from 
the kinetic energies of the probing protons. These ener-
gies cover a broad band and are perfectly chirped in 
time. Therefore, the interaction time of protons with dif-
ferent kinetic energy is well defined. The time coordi-
nate is decoded via a kinetic energy measurement with 
a magnetic spectrometer (Thomson-spectrometer). In 
order to discriminate the spatial deflection, a grating di-
vides the probe beam in stripes which have to be aligned 
parallel to the dispersion direction of the magnet.

In order to explain the experimental observations, two 
different analytical models have been studied in detail. 
Their ability to reproduce the streak deflectometry mea-
surements was tested on the basis of three-dimensional 
particle simulations by including the corresponding ana-
lytic field descriptions and accounting for the specific ex-
perimental conditions. An exemplary result is presented 
in Fig. 2. Characteristic features of the streak deflectom-
etry measurements in both probing configurations could 
be explained in a consistent way via a combination of a 
surface potential and an acceleration front model. Due 
to complementary streak deflectometry measurements 
with two different imaging configurations and using dif-
ferent experimental parameters a comprehensive inves-
tigation of the field structure becomes possible. 

Furthermore, our setup allows discriminating deflect-
ing fields, such as radial electric and magnetic fields. A 
change of the laser pulse duration from the femtosecond 
to the picosecond range led to a transition of the domi-
nating field acting on the probing proton beam. This is 
directly visible in the proton streak image in Fig. 3. In the 
picosecond domain the influence of the magnetic field 
was more effective than the counter-acting electric field. 
Also, the applied proton deflectometry method allowed 

for an unambiguous determination of the field polarity. In 
the femtosecond case the polarity of the magnetic field 
was calculated to be just opposite to the picosecond 
interaction. The induced change of the magnetic field 
polarity has been observed and provides a benchmark 
for further analysis of field generating mechanisms. 

Amplification of relativistic electron ensembles in tran- 
sient light fields     
 
The exposure of ultra-thin foils with intense laser puls-
es permits an efficient acceleration of ions stemming 
from the foil. Thicknesses of the order of the optical 
skin depth allow exciting the whole electron ensemble 
in a collective manner and thus establishing maximum 
charge separation and strong accelerating fields for the 
ions. Such a situation provides a well ordered and high 
ionization of a target foil when consisting of a heavy ele-
ment such as gold. Recently, we demonstrated that this 
way an acceleration boost occurs and heavy ions direct-
ly gain high velocities [BAP15] which may allow nuclear 
experiments with ELI-class lasers. 

Therefore, we investigated the hot electron distribu-
tion (precursor or blow out) from intense laser – solid 
foil interaction. We found a significant amplification of 
the electron numbers within kinetic energies between 
0.5 MeV and 5 MeV by the use of double foil target. 
Around the peak of the energy distribution this ampli-
fication amounts at least to a factor of three. These in-
vestigations are motivated by the search for an effec-
tive electron blow out useful for radiation generation 
exploiting the relativistic mirror concept. We analyze our 
experimental findings with a theoretical model which in-
cludes interaction between electrons and laser field. The 
essential idea, discussed already in several theoretical 
papers, comprises electron energy gain in a light field 
and separation of electron and light pulse before decel-
eration becomes effective due to the declining field.

The laser (with ASE to pulse peak temporal contrast 
of 14 or 10 orders) is focused on freestanding thin  
(12 - 400) nm Formvar (polyvinyl formal - C5H7O2) foils 
on a mask (stainless steel target base plate) with holes 
of 0.6 or 2 mm diameter. The relativistically normalized 
laser vector potential amounts to ao= 6. Foils have been 

Fig. 3:   
Comparison between 
long-pulse-induced 
(left – focusing in-
fluence of a mag-
netic field: protons 
are deflected towards 
target normal) and 
short-pulse-induced 
(right – defocusing 
influence of a radial 
electric field) streak 
deflections.
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prepared via a spin coating process on glass substrates 
which allow foil floating on water surface. Following the 
idea of light field separation from an electron pulse we 
applied a robust construction with two foils attached on 
two target base plates, separated by about 0.5 mm. The 
first foil generates the electron pulse which interacts fur-
ther with a weaker light field due to a partly transparent 
first foil. After interaction of electrons with this weaker 
light field a second thin foil allows transmission of the 
relativistic electrons and blocking of the light field. As a 
result the electron distribution changes significantly. The 
increase of electron number at kinetic energies between 
(1 – 2) MeV appears as an amplification by a factor of up 
to three. An example of such a measurement is shown 
in Fig. 4.

Function of surface structure in relativistic laser inter-
action

Intense light irradiation of a solid state surface and fol-
lowing plasma creation causes substantial reflection 
of the light which is lost for other energy transfer. By 
changing the surface morphology light can be differently 
scattered or absorbed. But a given functionality for low 
light intensity is not similarly well suited for extremely 
intense irradiation. Therefore, we investigate the role of 
surface structure for absorption of intense light pulses 
and following secondary emission of particles and X-
rays. 

Considering practical applications, easy-to-handle and 
cost-effective methods for surface structuring using dif-
ferent materials are desirable. One of the most conve-
nient top down approaches is the formation of laser in-
duced periodic surface structures (LIPSS). It is essential 
that LIPSS produces a morphology which approaches 
parameter conditions for optimum absorption of very in-

tense femtosecond laser pulses at 800 nm wavelength 
[APB15]. In our project study we benefit from the experi-
ence obtained in MBI project group 3.2 during the last 
years.

Figure 5 shows an obtained result for a LIPPS on a 5 
micron Ti-foil in comparison to a plain Ti-foil. The main 
effect is an increase of ion numbers. Although the light 
absorption has apparently increased, the electron tem-
perature, which would affect the ion cutoff energy, does 
not change. These processes are currently studied in 
much more detail.
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Fig. 5:   
The experimental ion energy distribution functions for 
the plane and ripple target (upper graph) and calcula-
tion (center graph) for d1 = 200 nm (structure width),  
d2 = 100 nm (groove width), h = 200 nm (structure 
height), calculated ion energy distribution functions for 
the plane (pink) and ripple (red) target from Ti+15 C+4 
with laser irradiation of IL = 6 x 1019 W/cm2, tL = 30 fs, 
dL = 4 µm similar to the experimental condition; SEM-
image of the ripple target (lower graph).
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Fig. 4:   
Comparison of emitted electrons from laser irradiated 
thin plastic foils: F1F2 (black line) shows the amplified 
emission in case of a double foil configuration versus 
irradiated single foils F1 or F2.
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The introduced project studies comprise experimental 
and theoretical work for simulation of the experiments 
and understanding of fi ndings with help of developed 
analytical models. Furthermore, also several other in-
dependent theoretical topics related to specifi c target 
types in relativistic laser interaction have been investi-
gated and published in 2015 [LAn15, LAG15, APS15, 
LAS15, ODF15].

T2: Electron acceleration

Laser Wakefi eld Accelerators (LWFAs) are capable of 
producing Multi GeV electron beams. Electrons are typi-
cally injected from the background plasma. As the injec-
tion criteria in a fl at top density profi le is typically fulfi lled 
over a certain distance, electron spectra from LWFAs 
have typically broad energy spread of up to 100 %. Sev-
eral experiments have been performed to reduce the 
length of the injection region using localized density fea-
tures or by locally enhancing the laser power in colliding 
pulse experiments. In particular the experiments of our 
TR-18 collaborators at MPQ Munich have shown that 
introducing a shock front in supersonic jet targets can 
provide an energy spread of less than 3 MeV at about 
30 MeV electron energy. Further experiments realizing 
a factor of 5 higher electron energies indicated that the 
absolute energy spread can be maintained during the 
acceleration. Our measurements confi rm this prediction. 

The shock front method using a razorblade (cf. Fig. 6) 
is fairly simple to apply, but one has to consider that the 
shock front introduces regions of high densities in the 
gas profi le that could facilitate broadband self-injection.

We performed comprehensive parameter scans on how 
to apply the shock front method correctly in order to 
achieve low energy spreads. Results with a laser drive 
of 1.2 J @ 25 fs and a relativistically normalized laser 
vector potential of a0= 1.85 are depicted in Fig. 7.

The results of different scans are currently being ana-
lyzed in order to conclude about a robust parameter 
confi guration which allows to steer electron pulses with 
a narrow energy spread.

Own Publications 2015 ff  
(for full titles and list of authors see appendix 1)

APB15: A. Andreev et al.; Plasma Phys. Control. Fusion 
58 014038/1-10

APS15: A. Andreev, Phys. Plasmas 22 (2015) 
093106/1-11

BAP15: J. Braenzel et al.; Phys. Rev. Lett. 114 (2015) 
124801/1-5

KPK15: I. J. Kim et al.; High Energy Density Physics, 
Special Issue: 10th Int. Conference on High Energy
Density Laboratory Astrophysics 17 (2015) 203-207  

Fig. 6:  
Setup of nozzle and razor blade realizing shock front 
injection (laser pulse is incident from right to left) and 
fl at fi eld interferogramm (color coded) of gas density 
(lower part).

Fig. 7:  
Out of a shot series demonstrating laser wake fi eld 
electron acceleration with 290 MeV kinetic energy 
and a spread of only 3 MeV (Photos from scintillator 
screen of the magnetic spectrometer.
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LAG15: L. Lucchio et al.; Phys. Plasmas 22 (2015) 
053114 /1-10

LAn15: Z. Lécz and A. Andreev; Phys. Plasmas 22 
(2015) 043103/1-11

LAS15: Z. Lécza et al.; Laser Part. Beams online 
(2015) 1-12

ODF15: E. Oks et al.; Opt. Express 23 (2015) 32573-
3258

in press  
 
LAn: Z. Lécz and A. Andreev; Phys. Rev. E

MAF: F. Mollica et al.; Plasma Phys. Control. Fusion 
PCF-100764.R1

SAn: A. Sharma and A. Andreev; Laser Part. Beams

TBS: S. Ter-Avetisyan et al.; J. Rev. Sci. Instrum. 

submitted

CAS: D. Casas et al.; Laser Part. Beams 

Invited Talks at International Conferences  
(for full titles see appendix 2)

A. A. Andreev; Int. Laser Plasma Acceleration Workshop 
(Guadeloupe, France, 2015-5)

A. A. Andreev; 42nd EPS Conference on Plasma Phys-
ics (Lisboa, Portugal, 2015-06) 

A. A. Andreev; SILAP 2015, Super Intense Laser-Atom 
Physics Conference (Bordeaux, France, 2015-09) 

A. A. Andreev; III Int. School-seminar: Laser Photonics 
(St. Petersburg, Russia, 2015-10) 

M. Schnürer; Frontiers in Optics (San Diego, USA, 
2015-10)
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2.2: Strong-field Few-body Physics
H. Rottke, O. Smirnova (project coordinators)
and D. Ayuso, F. Bach, M. Baggash, W. Becker, D. Brambila, F. Brauße, T. Bredtmann, U. Eichmann, S.Eilzer, F. Freyse, 
F. Furch, Á. Jiménez Galán, A. Giree, A. Harvey, P. Hawkins, M. Y. Ivanov, J. Kaushal, F. Krecinic, Z. Masin, S. Meise,  
J. Mikosch, K. Mildner-Spindler, D. B. Milošević, F. Morales Moreno, A. F. Ordonez Lasso, S. Patchkovskii, L. Plimak,  
K. Reininger, H. R. Reiss, A. Rouzée, F. Schell, C. P. Schulz, B. Schütte, L. Torlina, N. Zhavoronkov, H. Zimmermann

1. Overview
 
On a sub-femtosecond temporal and Ångström spatial 
scale the project aims at

• Understanding the strong-field induced dynamics in 
atoms and molecules

• Employing strong-field processes as a tool for imag-
ing and understanding atomic and molecular electron 
dynamics and molecular structural changes.

We put specific focus on the fundamental aspects of 
strong field induced multi-electron dynamics, on the ex-
citation of neutrals, on the forces exerted on these neu-
trals, and on the role played by molecular structure and 
dynamics. The strong-field regime of interaction of light 
with matter is typically entered at light intensities beyond 
1013 Watt/cm2 in the infrared spectral range. There the 
electric field of the light wave starts to become compa-
rable with the inner-atomic/inner-molecular field expe-
rienced by the valence electrons. Based on the knowl-
edge of the fundamental strong-field interaction mecha-
nisms gained we employ these phenomena to track and 
image molecular dynamics, of both the electronic and 
the nuclear degrees of freedom and of their coupling, 
in real-time through strong-field ionization mapping and 
high order harmonic spectroscopy.

2. Topics and collaborations

We tackle the objectives from the experimental side and 
closely linked therewith by a focused theory presently 
on four topical research fields:

T1: Single- and multi-electron strong-field phenom-
ena and their time resolution

T2: Dynamics of strong-field ionization of ordered 
structures

T3: Probing molecular dynamics by strong-field ion-
ization

T4: High harmonic generation spectroscopy.

Collaboration partners: G. G. Paulus (Friedrich Schil-
ler Univ., Jena), C. Faria (City College London, UK),  
S. P. Goreslavski, S. V. Popruzhenko (National Re-
search Nuclear University (MEPhi), Moscow, Russia), 
A. Saenz (HU Berlin), Y. Mairesse (CELIA, Univer-
sité Bordeaux, France), N. Dudovich (Weizmann Insti-

tute, Rehovot, Israel), J. Marangos (Imperial College, 
London, UK), X. J. Liu (Wuhan, Chinese Academy of 
Sciences, China), J. Chen (Peking University, Bei-
jing, China), T. Marchenko (Université Pierre et Marie 
Curie, Paris, France), F. Lépine (Laboratoire de spec-
trométrie ionique et moléculaire, Lyon, France), J. M.  
Bakker, G. Berden, B. Redlich (FOM-Institute for Plasma 
Physics Rijnhuizen, The Netherlands), A. Stolow (Stea-
cie Institute for Molecular Sciences, National Research 
Council of Canada), M. M. Murnane, H. C. Kapteyn 
(JILA and Department of Physics, University of Colo-
rado, USA), H. C. Bryant (University of New Mexico), 
E. Brunetti, D. Jaroszynski (University of Strathclyde, 
Glasgow, UK), W. Chou (Fermilab, Warrenville, USA), 
F. Martín (Universidad Autónoma de Madrid, Madrid, 
Spain), H. Stapelfeldt (Aarhus University, Denmark), 
J. Küpper, A. Rubio (Center for Free Electron Laser, 
Universität Hamburg), T. Fennel (Universität Rostock), 
A. I. Kuleff (Universität Heidelberg), M. Krikunova (TU 
Berlin), V. R. Bhardwaj (University of Ottawa, Canada), 
R. Cireasa (Institut des Sciences Moléculaires d’Orsay, 
France), F. Legare (ALLS Montreal, Canada).
In-house collaborations with Projects 2.1, 2.3, 4.1, and 
4.2 (HFL and FAL, G. Steinmeyer).

3. Results in 2015

T1: Single- and multi-electron strong-field phenom-
ena and their time resolution

Study of different ionization continua in polyatomic mol-
ecules

1,3-butadiene (C4H6) is an ideal molecule to study mo- 
lecular strong-field ionization. Especially the direct popu- 
lation of different ionic states during the interaction with 
the strong laser pulse has been investigated. Since ex-
cited ionic states undergo fragmentation different ion-
ization continua can be distinguished by coincidence 
detection of electrons and ions.

In 2015, we have started an experimental campaign 
to study laser-driven electron recollisions with spatially 
aligned 1,3-butadiene and elliptically polarized IR and 
MIR pulses at 10 kHz repetition rate. Electron recolli-
sions are very sensitive to the continuum electron wave 
function. Figure 1 (left) sketches the orbitals for the ionic 
ground (D0) and first excited (D1) state. The measured 
kinetic electron distribution of yet unaligned molecules 
is shown in Fig. 1 (right) for linear polarized 1300 nm 
pulses, which features a prominent recollision tail. This 
measurement already suggests that the recollision rate 
is reduced for D0 compared to the D1 state, which is ex-
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pected due to the nodal structure of the wave function. 
For a more detailed study butadiene is spatially aligned 
with a stretched 800 nm laser pulse. Figure 2 shows the 
rotational half-revival, measures by ionization of C4H6 
with a delayed 1300 nm pulse. Presently the alignment 
is optimized and measurements of the electron kinetic 
energy distributions with different ellipticities of the ion-
izing 1300 nm laser pulse are prepared.

Interferometric pump-probe with few cycle laser pulses 

During the interaction of atoms and molecules with 
strong few cycle pulses not only ionization occurs but 
also excited states are populated. While this process, 

coined ‘frustrated tunnel ionization’, has been studied 
within this project for quite some time through the detec-
tion of highly excited metastable neutral atoms, a new 
scheme has been developed recently.

In the pump-probe experiment the photo electron mo-
mentum distributions are measured with a high resolu-
tion velocity map imaging (VMI) spectrometer. Sub-5fs 
pulses are prepared by pulse compression in a pres-
sure gradient hollow core fiber (see Project 4.1). The 
pump-probe pulses are prepared in a broad-band Mach-
Zehnder interferometer with an intensity ratio of 5:1. Ar-
gon atoms, which are used as a sample, are ionized by 
a strong pump pulse with an intensity of about 1014 W/
cm2. The probe pulse, at much lower intensity of about 
1013 W/cm2, ionizes the thus excited states by a low or-
der process. The continuum electro wave functions cre-
ated by the pump pulse and the wave function of the 
electron from the probe pulse interfere and modulate 
the photo electron distribution. As the delay between 
pump and probe pulse is varied, the interference pattern 
changes accordingly. Figure 3 shows a kinetic energy 
distribution as a function of the pump-probe delay. One 
clearly sees the interference as diagonal lines in the 
spectrum mostly noticeable between 0.5 eV and 1.0 eV 
kinetic energy. In addition, a strong modulation (vertical 
lines) with a period of 2.5 fs is observed, which origi-
nates from a weak pedestal of the 5 fs laser pulse. The 
optical interference in connection with the highly non-
linear ionization process amplifies this weak pedestal, 
which is always present in ultrashort pulses generated 
via self-phase modulation in hollow core fibers. Unfor-
tunately, the strong modulation hampers further analy-
sis of the electron interferences to determine amplitude 
and phase of the excited state wave functions. New ex-
perimental schemes are presently discussed and will be 
implemented in the near future.

Fig. 1:   
Left: Dyson orbitals for the ionic ground (D0) and ex-
cited (D1) state of 1,3-butadiene. 
Right: Kinetic energy distribution from ionization and 
laser-driven recollision measured with linearly polar-
ized 1300 nm laser pulses and randomly aligned 
molecules. The recollision tail for ground state ions is 
slightly reduced compared to the excited ionic state.
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Fig. 2:   
Ion yield of butadiene as a function of the delay be-
tween the stretched 800 nm alignment pulse and the 
1300 nm ionization pulse showing the rotational half-
revival.
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Kinetic energy distribution of strong-field ionized argon 
is shown as a function of the pump probe delay using 
sub-5fs pulses at 800 nm. Electron interferences are 
observed as diagonal lines mostly noticeable between 
0.5 eV and 1.0 eV. The strong modulation (vertical 
lines) originates from a weak pedestal of the laser 
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Excited state distribution and spin-effects in strong-field 
excitation of neutral Helium

Excitation of neutral atoms via frustrated tunneling ion-
ization (FTI) is a recently established important exit 
channel of atoms subjected to a strong short-pulse laser 
field [NGS08]. While processes such as the acceleration 
of the excited neutral atoms in strong intensity gradients 
([ENR09]) and Coulomb explosion without double ion-
ization in strong laser field fragmentation of H2 [MNG09] 
are apparently based and convincingly explained within 
the FTI model, the important experimental confirmation 
of the predicted excited state distribution of final Ryd-
berg states has been pending so far.

 

In our experiment we excited neutral Helium atoms un-
der conditions characterized by the tunneling regime of 
strong-field physics using femtosecond pulses from a 
Ti:sapphire laser. We employed the method of pulsed 
field ionization in conjunction with direct detection of the 
excited neutral atoms to obtain the final distribution of 
excited states. The measured He yield signal is propor-
tional to the amount of initially excited atoms with a de-
tection efficiency of approximately 30 %. Our measure-
ments confirm the predictions of the FTI model as well 

as quantum mechanical calculations using the single-
active electron (SAE) approximation [ZBE15], (see Fig. 
4). The good agreement suggests that one can model 
excitation in the tunneling regime by an almost purely 
classical process.

Moreover, we find that the excitation process also re-
sults in an efficient population of triplet excited states 
of Helium [ZBE15], which stems from the fact that we 
excite states with high orbital angular momentum l > 2. 
For these high l states the Russel-Saunders coupling 
scheme breaks down removing the strict conservation 
of singlet and triplet states. The direct excitation of triplet 
states from the singlet ground state is then possible via 
the admixture of the singlet component.

 
Opportunities for detecting ring currents using an atto-
clock setup

Interaction of matter with strong, ultrashort laser fields 
offers insights into phenomena that occur on the attosec-
ond time scale, providing opportunities for deciphering 
the dynamics of laser-induced optical tunneling. The en-
ticing opportunity to detect tunneling times during strong- 
field ionization relies on the attosecond angular streak-
ing principle, which provides the link between electron 
detection angle and its time of ionization in strong infra-
red circularly polarized fields. The application of ultra-
short few-cycle pulses allows one to realize this principle 
experimentally in the so-called attoclock setup. 

Interesting questions that can be addressed by the at-
toclock include its sensitivity to internal electron dynam-
ics prior to ionization. Perhaps the simplest example is 
the possibility of angular separation of photoelectrons 
originating from strong-field ionization of two different 
orbitals carrying stationary currents. This is the case for, 
e.g., p+ and p− orbitals in the ground states of noble gas 
atoms (Ar, Kr, Xe, etc.). Indeed, one would expect that 
when a co-rotating or a counter-rotating electron tunnels 
out, the rotating laser field will spin them away differ-
ently, as they have different initial velocities orthogonal 
to the tunneling direction. Interaction with the core po-
tential should reveal this disparity in the initial conditions 
as it will affect the deflection angle, leading to an angular 
separation of the photoelectron signals coming from the 
two orbitals.

Fig. 4:   
Comparison of measured (filled red squares and blue 
circles) and calculated (open triangles and circles)  
n-distributions of Helium.
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Angle-resolved spec-
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trons removed from a 
Kr atom by a two-cycle, 
right circularly polar-
ized field, for the peak 
intensity  
I0 = 1.75 × 1014 W/cm2  
(E0 = 0.05 a.u.),  
λ = 800 nm.
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We present a theoretical description of attosecond an-
gular streaking in long-range potentials for orbitals car-
rying stationary current, extending our previous results 
beyond s orbitals. To explore theoretically the ionization 
from p− and p+ orbitals in the attoclock setup, we ex-
tend our earlier long-pulse results to the domain of short 
pulses.

 
 
We have shown the sensitivity of the attoclock observ-
ables to the internal dynamics in the initial state. The 
difference between the attoclock offset angles for p+ 

and p− orbitals is about 3–4 deg for Ar and Kr in typical 
experimental conditions. Experimentally, the attoclock 
setup has been applied to study ionization from p states 
in the Ar atom. The resulting offset angles have been 
used to extract the spatial coordinate corresponding to 
the position of the exit from the tunneling barrier. Our 
results suggest that corrections at the level of about  
2 deg might be required for this mapping, since the off-
set angle for an s orbital is about 2 deg smaller than for 
the dominant p− orbital.

We expect that the attoclock setup could be used for 
detecting ring currents, excited in atoms or molecules. 
Ring currents of opposite direction are expected to in-
crease or decrease the attoclock offset angle relative to 
the value detected in a system, in which such currents 
have not been excited in the initial state.

To increase the sensitivity of detecting the current direc-
tion, one can also measure angular and energy depen-
dent photoelectron dichroism. It amounts to detecting the 
attoclock spectra in left and right circularly polarized fields 
and taking the ratio of the difference to the sum of such 
spectra. The resulting attoclock spectra will have opposite 
offset angles for opposite directions of ring currents.

Finally, we note that energy separation of p+ and p− sig-
nals in long pulses leads to spin polarization, thus angu-
lar separation should lead to additional opportunities to 
create short spin-polarized electron bunches.

 
Above-threshold ionization with bicircular fields

Over the past years, interest in the low-energy part of 
the above-threshold-ionization (ATI) spectrum has been 
revived, because for a long-wavelength (mid-ir) driving 
field it displays a lot of unexpected structures (cp. the 
so-called “low-energy structure” (LES)). This has been 
intensely investigated for linear polarization, and the ef-
fect has been attributed to the interplay of the interaction 
of the liberated electron with the laser field and the Cou-
lomb field. In the context of the “strong-field approxima-

Fig. 6:   
Example of a bicircular field. The two components 
have equal intensities, opposite helicities, and a fre-
quency ratio of 2:1. The electric field is represented by 
the black line, the vector potential by the dashed red 
line, and the integral of the vector potential by the dot-
dashed blue line. The arrows indicate the temporal 
evolution. 
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Fig. 7:   
Velocity map generated by the direct (left panel) and the once-rescattered electrons (first-order Born approximation, right 
panel). The intensities are I1 = I2 = 2 x 1014 W/cm2 and the fundamental wavelength is 800 nm. The ground state of the 
neon atom is represented by four 2p Slater-type orbitals. The false-color scale is logarithmic. See the text.
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tion”, the LES and other related effects are generated by 
the first-order term in the Born series, which allows for 
exactly one additional interaction of the electron with the 
Coulomb field and, specifically, by forward scattering of 
the returning electron [BMi15].

We are interested in ATI by a “bicircular” field. This is 
the superposition of two circularly polarized fields with 
opposite helicities and different frequencies (most of the 
time, we consider a frequency ratio of 2:1), which ro-
tate in the same plane. If the intensities of the two com-
ponents are equal, the resulting field has the star-like 
shape illustrated in Fig. 6. It obeys a threefold rotational 
symmetry plus reflection symmetry about the three ob-
vious axes. Bicircular fields have raised much interest 
recently, because they generate circularly polarized 
high-order harmonics with alternating helicities. This is 
especially interesting if the atomic ground state is not an 
s state [Mil15, Mil15b, Mil15c, MWB15].

Figure 7 exhibits ATI spectra for a neon atom driven by 
a 2:1 bicircular field, as shown in Fig. 6, presented in 
the form of a velocity map. The spectrum of the direct 
electrons (those that do not rescatter) is displayed in 
the left  part. It reproduces largely the vector potential 
of the driving field, according to the streaking condition 
p = -A(t), where t is the time of ionization. Note that it 
obeys both the rotational symmetry and the reflection 
symmetry. The velocity map of the rescattered electrons 
is presented in the right part. The three obvious circular 
structures correspond to rescattering at comparatively 
high energies of the returning electron, while the shrimp-

like structures are analogues of the LES for linear po-
larization. Note that the rescattered-electron spectrum 
violates the reflection symmetries, which are observed 
by the direct-electron contributions. Analyzing a given 
experiment, this allows one to conclude whether or not 
rescattering is important.

 
T2: Dynamics of strong-field ionization of ordered 
structures

Correlated electronic decay in strongly ionized clusters

The ionization and explosion dynamics of clusters in-
duced by intense near-infrared (NIR) laser fields has 
been the subject of intense research over the last two 
decades. Among the various processes that take place, 
the formation of a well localized nanoplasma at the clus-
ter core represents one of the main responses of the 
cluster to the intense field. Nanoplasma formation arises 
from the rapid build-up of the cluster potential as elec-
trons are stripped away from the cluster by strong-field 
atomic ionization. Electron confinement in the emerg-
ing cluster potential leads to the formation of quasi-free 
electrons that can absorb energy from the laser field by 
inverse bremsstrahlung and trigger further ionization 
of the cluster by electron impact ionization. Following 
the interaction with the NIR laser field, the nanoplasma 
quickly cools down by electron collision and thermal 
evaporation leading to an exponential tail in the photo-
electron kinetic energy distribution. So far, other elec-
tron-emission processes from nanoplasmas that involve 

Fig. 8:   
Electron kinetic 
energy spectrum 
after NIR ionization 
(I = 1 × 1014 W cm−2) 
of Ar clusters with 
an average size of 
<N>=1,000 atoms 
(a) and mixed Ar-
Kr clusters (b). In 
both cases, the 
peak observed at a 
kinetic energy close 
to the ionization po-
tential of atomic Ar 
(15.76 eV) is attribut-
ed to a CED process 
involving two weakly 
bound cluster elec-
trons (c).

Kinetic energy [ev]Kinetic energy [ev]

Autoionization Energy transfer to 
nanoplasma electron

Energy transfer between 
two Rydberg atoms

(c)

(a) (b)

Si
gn

al
 [a

rb
. u

ni
ts

]

Si
gn

al
 [a

rb
. u

ni
ts

]

0           5            10          15         200           5            10          15         20

10

1

8

6

4

2



54

electronic transitions between atomic or ionic bound 
states and the continuum have been neglected in most 
experimental and theoretical investigations.

Researchers from the Max-Born-Institut, together with 
researchers from the University of Rostock and the Uni-
versity of Heidelberg have recently discovered a new 
relaxation mechanism occurring following the ionization 
of clusters by an intense NIR laser. In their investiga-
tion, they have observed the emergence of a peak struc-
ture above the thermal electron distribution (see Figs. 
8(a) - (b)) in the photoelectron emission spectra of rare 
gas clusters ionized by intense near-infrared laser fields 
[SAF15b]. The mechanism responsible for the observed 
peaks is interpreted in terms of the formation of atoms 
in low- and high-lying Rydberg states in the expanding 
nanoplasma due to recombination processes. The ob-
served decay channel emerges when these excited at-
oms relax to their ground state and donate the available 
energy to a second nearby electron (either quasi-free, or 
itself weakly bound to an atomic core) that can escape 
the cluster potential. This correlated electronic process 
(CED) is very similar to the well-known interatomic Cou-
lombic decay mechanism that has been investigated 
previously in dimers and clusters following inner-shell 
ionization or resonant XUV excitation [OTL04, MKH03]. 
CED processes were observed in a number of different 
clusters, including molecular clusters. In the latter case, 
additional peaks were observed in the photoelectron 
spectra that were assigned to the formation of doubly 
excited states followed by autoionization [SLO15]. All 
our investigations point out that CED is a generic pro-
cess and a consequence of nanoplasma formation. It 
is therefore expected to be important in nanoscale sys-
tems interacting with laser pulses in different spectral 
regions

 
T3: Probing molecular dynamics by strong-field ion-
ization

Towards time-resolved structural imaging of transition 
state dynamics

For bonds to be broken and new bonds to be formed, 
chemical reactants have to come close to each other 

and evolve through transient intermediate configurations 
known as the transition state. Transition state dynamics 
is closely related to reaction mechanisms and possibly 
their control and hence is of fundamental importance in 
chemistry. Much work has been done to unravel these 
dynamics, which often involve major structural rear-
rangement of atoms within molecules. However, there 
are a lot of open questions since to date none of the 
applied spectroscopic techniques has directly delivered 
the time-dependent molecular structure during transition 
state dynamics

In our experiment, we develop a novel probe that im-
ages, one molecule at a time, the full three-dimensional 
nuclear configuration of individual transition states as 
they evolve on the femto- to picosecond time scale. This 
involves combining two cutting-edge technologies of 
modern molecular and optical physics: (i) Preparation of 
reaction precursors using molecular ions and small ionic 
clusters with defined and tunable internal temperature. 
Starting from these well-defined initial configurations, 
chemical dynamics will be initiated by a femtosecond 
laser pulse. (ii) Coulomb Explosion Imaging, induced by 
extremely short intense laser or X-ray pulses together 
with full coincidence momentum imaging of all frag-
ments. The latter will yield the evolving molecular spatial 
structure by mapping the position of all atoms within the 
transition state as a function of time-delay between the 
two pulses. While experiments will be carried out in the 
gas-phase, solvation effects can be simulated by clus-
tering individual solvent molecules, for example water, 
to the reaction complex. Our structural probe gives di-
rect insight into reaction mechanisms and is expected to 
shed light on some of the long-standing open questions 
surrounding transition state dynamics.

In 2015, we have constructed a new experimental ap-
paratus designed to produce a mass-selected target 
of molecular ions in a coincidence spectrometer (see 
Fig. 9). First time-of-flight mass spectra of positively 
and negatively charged molecular ions were obtained, 
as depicted in the figure. We also inherited an ampli-
fied Ti:sapphire laser system with 1 kHz repetition rate, 
which we set up in our laboratory and which is now fully 
operational. First experiments on Coulomb Explosion 
Imaging of molecular ions are in preparation. Within 
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a Master thesis we are also investigating concepts to 
translate the experimental scheme to higher repetition 
rates employing an Electrostatic Ion Beam Trap. Such 
experiments would enable full coincidence imaging also 
for complex transition states taking full advantage of one 
of MBI‘s newly developed high-repetition rate OPCPA 
laser systems.
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2.3: Time-resolved XUV-science
A. Rouzée, M. Ivanov (project coordinators)
and M. Baggash, S. Birkner, D. Brambila, F. Brauße, T. Bredtmann, J. G. Brisset, G. Dixit, L. Drescher, J. Durá Diez, 
M. Eckstein, U. Eichmann, M. Flögel, F. Furch, M. Galbraith, A. Giree, S. Han, A. Harvey, J. Hummert, J. Klei, O. Kornilov, 
F. Krecinic, M. Kubin, J. Long, L. Medišauskas, J. Mikosch, N. Monserud, F. Morales Moreno, S. Patchkovskii, S. Raabe, 
G. Reitsma, H.-H. Ritze, H. Rottke, C. P. Schulz, C. Smeenk, O. Smirnova, M. J. J. Vrakking, N. Zhavoronkov 

1. Overview

The main goal of Project 2.3 is to study real-time 
electronic and nuclear dynamics in simple and 
complex photochemical and photobiological processes. 
The project has both experimental and theoretical 
components. Experimentally, we are developing a 
framework of closely interconnected time-resolved 
methods, unified by the application of novel XUV/X-ray 
light sources, both table-top, such as obtained by high 
harmonic generation, or at free electron laser facilities. 
Using photoionization as a probe step in a pump-probe 
configuration, we investigate attosecond electron 
motion in atoms and molecules and its coupling with the 
nuclear motion. This is done by combining the extreme 
temporal resolution (attosecond) with atomic–scale 
spatial resolution provided by these new light sources. 
Our experimental framework is complemented by an 
advanced theory program aiming at (i) tracking down 
and resolving correlated multi-electron dynamics on the 
attosecond time scale, and (ii) understanding the impact 
of coherently excited attosecond multi-electron dynamics 
on the longer, femtosecond-scale nuclear motion. Our 
common goal is to push atomic and molecular science 
beyond the present state-of-the-art by looking at the 
new time scale in chemical and physical processes. 

2. Topics and collaborations

At present, the project is organized in four topics:

T1: Attosecond electron and nuclear dynamics and 
control in atoms and molecules

T2: Atoms, molecules and clusters in intense XUV 
pulses 

T3: Time-resolved XUV/X-ray photoelectron imaging 
and spectroscopy of ultrafast molecular processes 

T4: Theory of attosecond multi-electron dynamics 
during XUV photoionization and its coupling to 
nuclear motion.   

Collaboration partners: P. Johnsson (Lund University, 
Sweden), A. Rudenko (Kansas State University, Man-
hattan, USA); J. Küpper (Center For Free-Electron La-
ser, Hamburg), H. Stapelfeldt (Aarhus University, Den-
mark), C. Bostedt (LCLS, Stanford, USA), F. Calegari 
(Politecnico de Milano, Italy), F. Lépine (Institut Lumière 
et Matière, Lyon, France), D. Rolles (DESY, Hamburg), 
L. Poletto (LUXOR, Padua, Italy), T. Fennel (Universität 
Rostock); M. Krikunova, D. Rupp, Thomas Müller (Tech-
nische Universität, Berlin), K. Varju (University of Sze-

ged, Hungary), L. Banares (Universidad Complutense 
de Madrid, Spain), E. Pisanty (Imperial college London, 
UK), M.-E. Madjet (Qatar Environment & Research 
Institute), P. Decleva (Università di Trieste, Italy), H.-
S. Chakraborty (Northwest Missouri State University, 
USA), D. Strasser (The Hebrew University of Jerusalem, 
Israel); K. Schaffer (Louisana State University, USA 
In-house collaborations with Projects 1.1, 2.2, 3.1, and 
4.1.

3. Results in 2015

T1: Attosecond electron and nuclear dynamics and 
control in atoms and molecules  

The reconstruction of attosecond beating by interfer-
ence of two-photon transitions (RABBITT) technique 
[PTB01] is used to access the Wigner time delay in pho-
toemission from atoms [Wig55]. Special attention was 
paid to noble gas atoms where the Wigner time delay 
difference was determined for photoemission from the 
valence p- and inner valence s-orbitals [KDG11]. The 
Wigner time delay tw is simply related to the scattering 
phase shift dl(e) of the partial wave attributable to the 
photoelectron which leaves the atom through tw = ddl(e)/
de [Wig55].

We investigated the possible influence several partial 
waves reached in ionizing an electron from the 4p-
valence orbital of krypton may have on the possibility 
to determine Wigner time delay differences using the 
RABBITT technique [BRo15b]. Photoemission from the 
p-orbital gives rise to s- and d-partial waves contribut-
ing to the wavefunction of the photoelectron and thus to 
the phase shift measured in a RABBITT experiment in 
a coherent way. For Kr we determined RABBITT phase 
differences for the ionization channels where the ion 
is left in the 2P1/2 and 2P3/2 states. They can be energy 
resolved in the magnetic bottle spectrometer used for 
the experiment. The phase differences have been mea-
sured for sidebands 12 to 18 when Kr is ionized by high 
order harmonics of orders 11 to 19 followed by a con-
tinuum-continuum transition induced by the fundamen-
tal Ti:sapphire laser pulses. We find different from zero 
RABBITT phase differences for sidebands of the same 
order determined in the ionization channels 2P1/2 and 
2P3/2 (see Fig. 1) [BRo15b]. These phase differences 
are characteristics of the Kr atom alone. They, however, 
depend on the relative directions of polarization of the 
Ti:sapphire and high order harmonic pulses.

The dependence on the relative states of polarization of 
the light pulses immediately indicates that both s- and 
d-partial waves contribute to the photoelectron wave 
packet after the bound-continuum transition. Such a  
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dependence would not have appeared if only one of the 
partial waves alone had contributed. Only in this sec-
ond case a RABBITT phase difference would directly 
represent a Wigner time delay in the bound-free transi-
tion after subtraction of an overall phase shift attribut-
able to the continuum-continuum transition induced by 
the Ti:sapphire pulses [KDG11]. Interferences in the in-
distinguishable transition pathways p→s,d→p,f from the 
initial bound orbital to the final partial waves (p, f) are 
responsible for the dependence of the RABBITT phase 
differences on the state of polarization. For more details 
see [BRo15b].

 
T2: Intense XUV pulses and attosecond XUV pump-
XUV probe applications

The strong field ionization dynamics of solid-state mat-
ter under near-infrared (NIR) laser fields with intensities 
near or above the ionization threshold is a fundamental 
and challenging problem. In case of nanometer-sized 
clusters and for sufficiently intense NIR laser, electrons 
from individual atoms can be removed by multiphoton or 
tunnel ionization. Due to the increase of the cluster po-
tential as electrons are stripped away from the cluster, 
inner-ionization takes place resulting in the formation of 
quasi-free electrons, i.e. electrons that are not bound 
anymore to particular atoms but that can freely propa-
gate within the cluster potential boundary. These quasi-
free electrons can efficiently absorb energy from the 
laser field by inverse bremsstrahlung (IBS) or collisional 
heating and can trigger further ionization of the cluster 
by electron impact ionization. The onset of these addi-
tional processes is generally termed ionization ignition. 

Recently, we have made a first step towards control-
ling the NIR-driven ionization dynamics of clusters. In a 
recent experiment [SAM], a relatively weak XUV pulse 
(1 x 1010 W.cm-2) was used to ionize Ar clusters and gen-
erate a few seed quasi-free electrons via a sequence 
of single-photon ionization events. The weakly ionized 
cluster then interacted with a moderately intense NIR 
pulse, with intensity far below the intensity threshold for 
tunnel ionization. As a result of the interaction with the 
two pulses, highly charged fragments were generated 
up to Ar4+ for an NIR field with a ponderomotive energy 
as low as 170 meV (corresponding to an intensity of 
3 x 1012 W.cm-2), i.e. two orders of magnitude below the 
ionization threshold of the cluster (see Fig. 2). We have 
shown that this surprising result is a consequence of an 
efficient low-intensity collisional heating mechanism by 
IBS of the few seed electrons generated by XUV ion-
ization followed by a strong avalanche-like process via 
electron impact ionization. In the course of the process, 
the increase of the electron charge density together with 
the cluster expansion modifies the Mie-frequency wMie 

of the nanoplasma electrons that are generated. At the 
resonance, i.e. when ħwMie = ħwNIR large energy absorp-
tion can further take place from the collective electron 
excitation which finally leads to the high charge ions 
observed experimentally. In this investigation we have 

Fig. 2:   
(a) Scheme of the two-color cluster ionization process, 
in which the cluster is ignited by a moderately intense 
XUV pulse in step 1, leading to the formation of a 
nanoplasma (step 2). In step 3, a time-delayed NIR 
pulse initially interacts with quasi-free electrons and 
electrons that are weakly bound by atoms. Because 
of IBS heating, avalanching, and resonance effects, 
the cluster is strongly ionized (step 4). (b) Schematic 
of the NIR and XUV spatial profiles at the focus for 
Gaussian pulses. (c) Time-of flight spectra from Ar 
clusters with an average size of N = <3500> atoms 
ionized by an XUV pulse only (IXUV = 2 x 1010 W.cm-2) 
and with an additional NIR pulse at a time delay of 5 
ps (I = 5 x 1013 W.cm-2 or I = 3 x 1012 W.cm-2).

Fig. 1:   
Measured RABBITT time delay differences ta for 
sidebands of orders 12 to 18 in the two ionization 
channels 2P1/2 and 2P3/2 of Kr (red and black points with 
error bars). The black points are for parallel polariza-
tion of the harmonic and Ti:sapphire laser pulses and 
the red ones for crossed polarization. ta is related 
to the RABBITT phase difference    in the 
two ionization channels by                             
(with ωIR the carrier frequency of the Ti:sapphire laser 
pulses and n the sideband order).The continuous 
black and dashed red lines represent corresponding 
calculated RABBITT time delay differences. For de-
tails see [BRo15b].
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shown that using a weak XUV pulse allows to outsmart the 
ignition threshold for NIR ionization of clusters and to de-
couple the first ionization step from the collisional heating 
mechanism. Our cluster ignition using an ultrashort XUV 
pulse is very versatile and is expected to be applicable in 
a wide range of laser parameters to study and control fun-
damental processes of the light-matter interaction.

T3: Time-resolved XUV/X-ray photoelectron imaging 
and spectroscopy of ultrafast molecular processes 

Electronic autoionization is one of the simplest process-
es driven by electron-electron correlations. Autoioniza-
tion takes place when an atom or a molecule in an excit-
ed state possesses enough energy to expel an electron 
upon electronic rearrangement. The process involves 
several electrons switching their orbitals and in mole-
cules can also be accompanied by nuclear dynamics. 
The process is thus dynamic in nature and its detailed 
investigation can help to shed light on basic principles 
of electron-electron correlations in complex systems. 
In our work last year, we completed the investigation 
of the autoionization dynamics of a Hopfield resonance 
in the N2 molecule. We used the recently constructed 
time-delay compensating XUV monochromator to care-
fully prepare short XUV pulses with the desired photon 
energy to excite the resonance of interest [EYK15]. A 
weak IR pulse was used in a pump-probe configuration 
to ionize the excited state before it undergoes autoion-
ization and thus followed the dynamics of this ultrafast 
process. Using velocity map imaging for detection we 
could follow the energy and angular distributions of the 

photoelectrons, which carry information about the tran-
sient shapes of molecular orbitals responsible for the 
autoionizing resonance. Our work provides very de-
tailed information on the dynamics of electrons in simple 
molecules, which is crucial for development of new the-
oretical tools capable of describing chemical dynamics 
in molecules with strong electronic correlations.

In parallel to this study, we started to develop near-
edge transient absorption spectroscopy to investigate 
ultrafast dynamics in molecules and solids. As an ex-
ample, we have recently developed a new high har-
monic source delivering 3 fs, almost continuous XUV 
pulses using a few-cycle optical seed laser pulse. This 
source was used to investigate the ultrafast dissociation 
dynamics of methyliodine and iodobenzene molecule 
following 266 nm pump excitation. The dissociation dy-
namics was inferred from the change of the absorption 
spectrum near the 4d edge of Iodine at 50 eV for these 
two molecular systems. A second source was recently 
developed to generate a soft X-ray continuum extending 
from 50 eV to 200 eV [SWK15] and was subsequently 
used to investigate non-resonant electric field-driven 
electron dynamics in solid-state materials, in collabora-
tion with Project 3.2.

T4: Theory of attosecond multi-electron dynamics 
during XUV photoionization and its coupling to nu-
clear motion at the femtosecond timescale

High-order harmonic generation in gases is a table-
top technique producing attosecond pulses from the 

Fig. 3:   
Time-dependent kinetic energy distributions of photoelectrons created by XUV (17.5 eV) + IR (1.6 eV) ionization. The 
feature at 0.18 eV corresponds to IR ionization of the autoionizing resonance.
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vacuum ultraviolet to the soft X-ray region and beyond, 
opening, in particular, the field of attosecond science. 
The long-standing challenge of HHG is, however, the 
low conversion efficiency of the fundamental radiation 
into its high-order harmonics. One option to address this 
challenge is to rely on phase-matching. Alternatively, 
HHG may be enhanced at the single atom/molecule 
level by enhancing the first step of the HHG process 
-- ionization -- seeding it with single attosecond pulses 
or pulse trains. In our work we focused on theoretically 
analyzing the possibility of achieving exponential ampli-
fication of high harmonic radiation in the generating me-
dium. Our interest has been triggered by the extremely 
interesting experimental results obtained in the group 
of C. Spielmann, see J. Seres et al.; Nature Physics 6, 
(2010) 455–461, which have reported such exponential 
growth in near atmospheric density gases of Ar and He, 
at very high laser intensities, e.g. well exceeding 1015 W/
cm2 in the case of the Helium gas. 

In general, there are two routes towards exponential 
amplification. The first is associated with population in-
version created in a quantum system, including an ef-
fective population inversion created in a light-dressed 
quantum system, and lasing without inversion achieved 
by unbalancing absorption and emission using carefully 
crafted dressing laser fields. The second route takes ad-
vantage of parametric gain: the flow of energy between 
a strong driving field and weak new fields via nonlinear 
wave mixing. 

Our new theoretical approach, described in our work 
[BCB], includes all such possibilities on equal footing. 
This theoretical approach allows us to identify the linear 
response of a dressed quantum system, driven by an 
intense and highly non-perturbative infrared laser field, 
to a weak probe field. Whether the transitions stimulated 
by the probe would lead to loss or amplification of the 
weak probe light depends on the dynamics of the quan-
tum system. Crucially, the strong IR driving field controls 
this dynamics.

In 2015, we have applied our approach to the simplest 
molecule, H2

+. The results clearly demonstrate that 
the coupling of electronic and vibrational degrees of 
freedom offers additional flexibility and allows one to 
achieve gain in a medium of fragmenting molecules. 
The underlying physical mechanism relies on the follow-
ing steps. First, electronic excitations triggered by the 
incident field lead to molecular fragmentation. This splits 
the medium into two ensembles: (i) ground state mol-
ecules near equilibrium and (ii) excited molecules with 
population inversion, far from equilibrium and undergo-
ing fragmentation. Second, an intense IR field ~ 1015 
W/cm2 depletes the ground state molecules. However, 
the excited states survive such high intensities thanks 
to their remarkable stability against ionization. This sta-
bility has now been clearly demonstrated in a series of 
beautiful experiments by U. Eichmann and co-workers 
at MBI. Thus, by stripping the ground state electrons 
and keeping Rydberg state electrons intact, the intense 
laser field creates effective population inversion that am-
plifies the probe radiation. 

Our results are summarized in Fig. 4. The vertical ax-
is shows the imaginary part of the linear response, in 
arbitrary units, calculated by solving ab-initio the time-
dependent Schrodinger equation for an IR-driven mol-
ecule, interacting with a weak XUV probe. The probe is 
centered at 20.4 eV. The blue curve shows the response 
of the ground state molecules. The red curve shows the 
response of the molecules initially prepared in the sec-
ond excited electronic state. A negative response corre-
sponds to gain, a positive to loss. At IR intensities below 
1013 W/cm2 both states only weakly absorb probe pho-
tons, leading to one-photon ionization. Gain for excited 
states starts above 1013 W/cm2, which is also the onset 
of their strong restructuring and stabilization by the IR 
driver. Above 1015 W/cm2 the ground state molecules be-
come transparent to the XUV: the laser field strips the 
electron away or moves it far from the core, where XUV 
absorption is possible. At the same time, excited state 
molecules remain stable and can emit XUV photons 
when the electron moves past one of the nuclei.

Fig. 4:   
Amplification of the XUV probe field by a strongly driv-
en hydrogen molecular ion. The vertical axis shows 
imaginary part of the linear response (in arbitrary 
units) of an IR-driven molecule to a weak XUV probe 
centered at 20.4 eV. The blue curve shows response 
of the ground state molecules, the red curve shows 
response of the molecules initially prepared in the 
second excited electronic state. Negative response 
corresponds to gain, positive to loss. 
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3.1: Dynamics of Condensed Phase Molecular Systems
E. T. J. Nibbering, O. Kornilov (project coordinators)
and F. Buchner, R. Costard, F. Dahms, M. Eckstein, M. Ekimova, B. Fingerhut, W. Freyer, B. Guchait, J. Hummert, 
I. Katechis, A. Lübcke, M. Oßwald, A. Rafferty, G. Reitsma, M. Richter, H.-H. Ritze, T. Siebert, Y. Liu

1. Overview

This project aims at a real-time observation of ultrafast 
molecular processes in the condensed phase, address-
ing the dynamics of elementary excitations, photo-in-
duced chemical reactions and ultrafast changes of the 
electronic and/or chemical structure of molecular sys-
tems. The project makes use of a broad range of ex-
perimental techniques including all-optical pump-probe 
spectroscopy in a range from the ultraviolet to mid-infra-
red, infrared photon-echo and multidimensional vibra-
tional spectroscopies, and photoelectron spectroscopy 
using ultrashort VUV, XUV, and soft-X-ray pulses.

2. Topics and collaborations

Research in this project has been structured into four 
major topical directions:

T1: Hydrogen bond dynamics in hydrated biomimet-
ic and biomolecular systems

Collaboration partners: J. T. Hynes (University of Colo-
rado, Boulder, Colorado, USA), D. Laage (École Nor-
male Supérieure, Paris, France), S. Mukamel (Univer-
sity of California at Irvine, USA).

T2: Transient structure determination of hydrogen 
bonded acid-base pairs

Collaboration partners: V. S. Batista (Yale University, 
New Haven, CT, USA), M. Odelius (Stockholm Uni-
versity, Stockholm, Sweden), Ph. Wernet (Helmholtz 
Zentrum Berlin, Germany). 

T3: Charge transport in biomimetic and biological 
systems

Collaboration partners: E. Pines (Ben Gurion University 
of the Negev, Beer-Sheva, Israel), D. Sebastiani (Mar-
tin-Luther-University Halle-Wittenberg, Germany).

T4: Electronic excited state dynamics in molecular 
model systems

Collaboration partners: L. Poletto and F. Frassetto 
(LUXOR, Padova, Italy).

Internal collaboration with Projects 2.3 and 3.3 has been 
established

3. Results in 2015

T1: Hydrogen bond dynamics in hydrated biomimet-
ic and biomolecular systems 
(FP7/2007-2013)/ERC grant agreement no. 247051)

Biomimetic and biomolecular systems are studied in a 
wide range of hydration levels to unravel the interactions 
between the molecular systems and the fluctuating water 
shells in the electronic ground state [Els15]. Hydrogen 
bond dynamics in hydrated DNA oligomer films [SGL15, 
GLS], in hydrated phospholipid reverse micelles, as well 
as the basic phosphate ions are the main topics in re-
cent years [CHE15, Cos15, CTF15a, CTF15b]. The 
experiments are based on ultrafast two-color infrared 
(IR) pump-probe and multi-dimensional photon echo 
spectroscopies, complemented by computational meth-
ods such as density functional theory and ab initio mo-
lecular dynamics to simulate linear and multidimensional  
spectra.

Recent results obtained on hydrated DNA are described 
in a scientific highlight article of this Annual Report.

The interaction of charged phosphates with their water 
environment plays a key role in cell metabolism and 
determines the structure of biomolecules such as DNA 
and phospholipids where phosphate groups are im-
portant hydration sites. We have investigated the ion 
H2PO4

− in aqueous solution combining 2D-IR spectros-
copy of phosphate stretching vibrations in the range from 
900 – 1300 cm−1 (Fig. 1) with ab initio calculations and 
hybrid quantum-classical molecular dynamics based sim-
ulations of the nonlinear signal [CTF15a, CTF15b].

While the line shapes of diagonal peaks reveal ultrafast 
frequency fluctuations on a sub-100 fs time scale caused 
by the fluctuating hydration shell, an analysis of the di-
agonal and cross-peak frequency positions allows for 
extracting inter-mode couplings and anharmonicities of 
5 – 10 cm−1. The spectral breadth of the excitation pulses 
enables the excitation of a coherent superposition of sym-
metric and asymmetric PO2

− stretching modes resulting in 
the observation of a quantum beat in aqueous solution. 
We follow its time evolution through the time-dependent 
amplitude and the shape of the cross peaks (Fig. 2). The 
analysis of Fermi-resonance coupling of the stretching 
mode νS(PO2

−) with the low frequency tetrahedron skele-
ton mode δ(O=P=O) demonstrates that substantial mode 
mixing defines the wave functions within the bi-exciton 
manifold where the redistribution of transition strength 
makes the per se dark |10 → |12〉 overtone transition 
spectroscopically accessible. The results provide a com-
plete characterization of the H2PO4

− vibrational Hamilto-
nian including fluctuations induced by the native water 
environment.
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T2: Transient structure determination of hydrogen 
bonded acid-base pairs
(DFG NI 492/11.1)

This activity aims at an analysis of the hydrogen-bonded 
structure of acid-base pairs. By determining structure, 
the elementary chemical processes of proton release, 
transfer, and acceptance by the base will be elucidated 
most directly. Femtosecond infrared techniques are ap-
plied to unravel the dynamics of particular hydrogen-
bonded groups. This information will be complemented 
by steady-state and time-resolved methods ranging 
from NMR to X-ray absorption and emission spectros-
copies. The experimental results are analyzed in close 
collaboration with theory groups.

We have continued our research on the characteriza-
tion of hydrogen bonding of (photo)acid-base pairs by 
use of linear and nonlinear IR spectroscopy of hydrogen 
stretching oscillators. We have explored the hydrogen 
bonding properties of the amino group of aniline-d5. 
Here, the roles of Fermi enhanced combination and 
overtone states in intramolecular vibrational redistribu-
tion (IVR) pathways were identified for N-H stretching 
excitations [GCF15, CGF15]. The interpretation of the 
O-H stretching oscillator of 2-naphthol hydrogen bond-
ed to acetonitrile has benefitted from a comparison to a 
larger number of related aromatic alcohols complexed 
to acetonitrile [PPK15a, PPK15b]. A direct correlation 
between (photo)acidity, O-H stretching frequency shift 
and hydrogen bond distances have been found in a 
combined experimental and theoretical study (see Figs. 
3(a), (b)). Electronic charge distribution changes upon 
electronic excitation of the hydrogen bonded 2-naph-
thol-acetonitrile complex does follow changes in acid-
ity, and hydrogen bond strengths as exemplified in the 
O…N distance. Interestingly, when going from the S0- to 
the 1Lb S1-state, the electronic charge distribution does 
not involve a simple local charge change on the oxy-
gen atom of the hydroxyl-group of significant magnitude 

Fig. 1:   
(top) Linear FT-IR spectrum of H2PO4

− in aqueous so-
lution. (bottom) Experimental 2D-IR spectra of H2PO4

− 
vibrations for a waiting time T = 0 fs in the broad band 
frequency range 880 – 1300 cm−1. The experimental 
broad band 2D-IR signal has been constructed from 
two independent measurements as indicated by the 
boxes. The absorptive 2D signal is plotted as a func-
tion of excitation (v1) and detection (v3) frequency with 
an amplitude change of 10 % between neighbouring 
contour lines. Yellow-red contours are due to v = 0 → 
1 and blue contours are due to v = 1 → 2 transitions. 
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Fig. 2:   
Experimental 2D-IR spectra of  
(ν1, ν3) = (νS(PO2

−), νAS(PO2
−)) = 

(1080, 1150) cm−1 cross peak dyna-
mics for waiting times T = 0 and  
200 fs. The relative intensity of 2D-IR 
spectra is normalized to the νAS(PO2

−) 
diagonal peak. Cross-peak intensity 
normalized to the decay of νS(PO2

−) 
in 2D-IR spectra of H2PO4

− for 
waiting times T = 0–1000 fs: blue line 
– simulated ESA cross peak 
(|01〉 → |11〉), green line – simu-
lated SE cross peak, red symbols 
– experimental SE cross peak. Simu-
lations are performed for a reduced 
model consisting of νAS(PO2

−) and 
νS(PO2

−) stretching modes and the 
dark Fermi-resonance mode. 
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(Fig. 3(c)), in accordance with the understanding that 
photoacidity is predominantly driven by charge changes 
on the photobase side of the Förster cycle. 

To determine what role hydrogen bonding interactions 
have on the outcome of soft-X-ray spectroscopy of the 
nitrogen K-edge we have studied in a combined ex-
perimental and theoretical approach hydrogen-bonded  
N-methylaniline in acetone and dimethysulfoxide solu-
tion [PSI15]. Whereas the N-H stretching mode frequen-
cy shift and broadening can be directly correlated with 
hydrogen bonding interactions, the soft-X-ray spectral 
features have found to show an intricate interplay be-

tween core excitations to both N-H σ*- and NLP p*-anti-
bonding orbitals.

In the soft-X-ray experiments on hydrogen-bonded  
N-methylaniline, we have utilised standing sample cells 
with Si3N4 membrane windows. These experiments 
have made clear that the liquid jet technology will be 
a pre-requisite for succesful future time-resolved X-ray 
absorption spectroscopic experiments. In a combined 
effort by researchers from the Max-Born-Institut, the 
Helmholtz-Zentrum Berlin and the Max Planck Institute 
for Dynamics and Self-Organization, a liquid flatjet for 
soft-X-ray spectroscopy was developed [EQF15].
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Fig. 4:   
Liquid flatjet generated by colliding two single 
laminar water jets. The first sheet is 1 mm wide 
and 5 mm long. The second sheet of smaller size 
is present inside the catcher unit. The thickness 
of 1 - 2 μm has been determined by measuring 
the transmission at the oxygen K absorption 
edge (left). XAS measurements in transmission 
mode can be made on aqueous solutions, as 
exemplified with the nitrogen K absorption edge 
spectrum of ammoniumchloride (right).

Fig. 3:   
(a) Solvent polarity dependent O-H stretching fre-
quency shifts of hydrogen-bonded complexes of ar-
omatic alcohols were used to derive the e = 1 case. 
2-naphthol in the S0- and the S1-states are indicated 
by 2NS0 and 2NS1. The found values, equivalent 
to solvent-free complexes, were found to correlate 
with the acidity strength (as defined by the pKa-
value). (b) Calculated effect of the solvent dielectric 
medium on the correlation between O-H stretching 
frequency and O…N distance. (c) Calculated effect 
of the solvent dielectric medium on the correlation 
between the Mulliken charge on the oxygen atom 
and the O…N distance.
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The flatjet set-up utilizes the phenomenon of formation 
of stable liquid sheets upon collision of two identical 
laminar jets (Fig. 4). Colliding the two single water jets, 
coming out of the nozzles with 50 lm orifices, under an 
impact angle of 48o leads to double sheet formation, of 
which the first sheet is 4.6 mm long and 1.0 mm wide. 
The liquid flatjet operates fully functional under vacuum 
conditions (<10-3 mbar), allowing soft-X-ray absorption 
spectroscopy (XAS) of aqueous solutions in transmis-
sion mode.

We analyze the liquid water flatjet thickness under atmo-
spheric pressure using interferometric or mid-infrared 
transmission measurements and under vacuum con-
ditions by measuring the absorbance of the O K-edge 
of water in transmission, and comparing our results 
with X-ray cross section values from the Henke tables  
(http://henke.lbl.gov/optical_constants/). The thickness 
of the first liquid sheet is found to vary between 1.4 – 3 µm, 
depending on the transverse and longitudinal position in 
the liquid sheet. We observe that the derived thickness 
is of similar magnitude under 1 bar and under vacuum 
conditions. A catcher unit facilitates the recycling of the 
solutions, allowing measurements on small sample vol-
umes (~10 ml). We demonstrate the applicability of this 
approach by presenting measurements on the N K-edge 
of aqueous NH4

+. Our results suggest the high potential 
of using liquid flatjets in steady-state and time-resolved 
studies in the soft-X-ray regime.

T3: Charge transport in biomimetic and biological 
systems
(DFG NI 492/13-1)

In this topical area, elementary charge transport dynam-
ics in solution is investigated from the viewpoint of their 
functional role in biochemical processes. The objective 
is to elucidate the underlying mechanisms for electron 
transfer, proton transfer as well as proton coupled elec-
tron transfer. This line of research builds on previous 
ultrafast studies of aqueous proton transfer using pho-
toacids [PNP15], as well as of photoinduced electron 
transfer in donor-acceptor complexes. Experimental 
techniques include transient UV/IR spectroscopy and 
photoelectron spectroscopy [RLü15].

DNA bases possess extremely efficient excited state 
relaxation pathways involving conical intersections. In-
terest in the photostability of these molecules has trig-
gered extensive research both in the gas phase and the 
solution phase. Nevertheless, there are still important 
open questions. For the pyrimidine bases (thymine and 
cytosine) it has been discussed that, similar to the gas 
phase, the np* state plays also an important role in the 
excited state relaxation of the hydrated bases and that a 
significant part of the excited state population is trapped 
in this dark state. 

This year the work on time-resolved liquid jet photoelec-
tron spectroscopy of hydrated thymine was published 
[BNY15]. The research on thymine was complemented 
by the study of excited state dynamics of guanosine in 
aqueous solution [BHR15]. It was observed that the re-
laxation dynamics of the excited state depends on the 

pump wavelength (Fig. 5). Furthermore, the depen-
dence of the photoelectron kinetic energy on the probe 
wavelength suggests that the probe step is not vertical, 
but involves an autoionizing state. The research was 
complemented by a surface hopping dynamics simula-
tions and two alternative relaxation scenarios were dis-
cussed.

 

T4: Electronic excited state dynamics in molecular 
model systems
(DFG KO 4920/1-1; DFG FI 2043/1-1)

Determination of the ultrafast electronic excited state 
dynamics of organic molecules in solution is the main 
objective of this topical area. Photophysical events 
such as internal conversion, and photochemical trans-
formations, trans/cis isomerization, ring opening or 
closure are examples of elementary processes to be 
studied in detail. 
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Fig. 6:   
Time-resolved photoelectron spectrum of 1 mM aque-
ous guanosine solution excited at 266 nm (4.66 eV) 
and photoionized at 238 nm (5.2 eV).
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Photoelectron spectra of liquid water upon ionization 
by 15th, 17th and 19th harmonics (23.4 eV, 26.5 eV 
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The experiments in the topic address investigation of 
dynamics in electronically excited states with time-
resolved photoionization methods. The major current 
activities within this area are experiments employing 
the novel time delay compensated XUV monochroma-
tor beamline. Its performance was demonstrated in the 
previous years. In 2015, the monochromator beamline 
was combined with the end station for photoelectron 
spectroscopy of solvated molecules. The end station 
consist of a magnetic bottle time of flight spectrome-
ter coupled to a chamber hosting a microliquid jet – a 
liquid jet with a diameter of few tens of microns. The 
experimental campaign concentrated on calibration 
of the TOF spectrometer and investigation of charg-
ing effects in the liquid jets illuminated by XUV pulses. 
Influences of the liquid jet solutions, presence of salts 
as well as the influence of the jet position were inves-
tigated. The results of these static studies challenged 
the interpretation of the observed liquid water peaks, 
previously assigned based on the measurements with 
a single wavelength.

Investigation of the jets continued with the photoelec-
tron spectroscopy of solvated molecules. One of the 
advantages of the XUV-based photoelectron spectros-
copy is the ability to reach the ground states of the 
molecules under investigation and thus span the full 
relaxation pathway upon photoexcitation. To this end 
several molecules were investigated with the goal to 
identify their ionization potentials in the aqueous envi-
ronment. The principal observations showed that most 
molecules are stabilized sufficiently strongly and their 
ionization potential (IP) exceeds that of liquid water. 
The two examples contrary to this observation are 
tertrazine and tryptophane, where clear ground state 
signals were observed. Finally first time-resolved mea-
surements were carried out on the solvated tartrazine 
molecules excited by 400 nm pulse and the first dy-
namic signals were obtained. The investigations will 
continue in this year.

One of the significant challenges identified in the liquid 
jet experiments was the control of the sample compo-
sition. The prepared solutions need to be transported 
through a capillary system and need to remain intact 
upon delivery to the interaction region of the photoelec-
tron spectrometer. To establish control of the sample 
composition, a new static spectroscopy system was 
developed, which allows controlling the arrival time of 
the sample to the spectrometer and verifying its com-
position by absorption spectroscopy. The system is 
currently being integrated into the existing end station. 
Its development will be published as a Master Thesis.

Further experimental activities at the monochroma-
tor beamline included investigation of interatomic/in-
termolecular Coulombic decay in a CH3Br molecule, 
conducted in collaboration with a group from Madrid 
(Prof. Luis Banares) with the project funded by Laser-
lab-Europe. The investigation required 200 nm pump 
pulses to dissociate the molecule and XUV-based 
photoion spectroscopy to probe the charge states of 
the fragments. The first XUV-based signals have been 
achieved and the 200 nm probe arm implemented. 
The campaign will continue in the year 2016.
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3.2: Solids and Nanostructures
M. Woerner, J. W. Tomm (project coordinators)
and K. Busch, G. Folpini, S. Friede, R. Grunwald, J. Gupta, M. Hempel, S. Höhm, F. Intravaia, P. Juergens, B. Klessen,
S. König, A. Mermillod-Blondin, C. Patzek, K. Reimann, A. Rosenfeld, C. Somma, R. Wehner

1. Overview

This project addresses ultrafast and nonlinear phenom-
ena in solids and nanostructures. In highly correlated 
condensed-matter systems, electron-electron and elec-
tron-phonon correlations lead to a broad range of novel 
and unusual phenomena, which are interesting from the 
point of view of both fundamental research and practical 
applications. To gain new insight into fundamental phe-
nomena in this thriving field of research, experiments 
are performed with ultrafast time resolution and in a very 
wide spectral range. The work includes studies in the 
range of nonperturbative light-matter interactions. 

Such research is complemented by studies of light-
matter interactions in materials processing with ultra-
short optical pulses and by work on degradation pro-
cesses in optoelectronic devices. The project includes 
four topics. 

 

2. Topics and collaborations

T1: Nonlinear terahertz and mid-infrared spectros-
copy

Cooperation partners: K. Biermann (Paul-Drude-Institut, 
Berlin) and C. Flytzanis (École Normale Supérieure, 
Paris, France).

T2: Material modification with femtosecond laser 
pulses 

Projects: DFG GR 1782/12-2, Laserlab-Europe MBI 
002096

Cooperation partners: S. Ashkenasi (Laser Medizin 
Technik Berlin, LMTB) and J. Krüger (Bundesanstalt für 
Materialprüfung, BAM), E. McGIynn (DCU, Dublin, Ire-
land), W. Seeber (FSU Jena), A. Pfuch and T. Toelke (IN-
NOVENT, Jena), F. Guëll (University Barcelona, Spain), 
P. Kazansky (University Southampton, ORC, UK).

T3: Optoelectronic devices

The group works in the BMBF-project ‘Integrierte mikro-
optische und mikrothermische Elemente für Diodenla-
ser hoher Brillanz’ (IMOTHEB), 13N12310.

Moreover, there are research contracts with JDSU (San 
Jose, USA) and 3S-Photonics (Nozay, France) on high-
power diode lasers. Collaborative work on quantum 
dot emitter structures and GaN-based devices is done 
together F. Yue (Shanghai, China), and P. Werner and 
V. Talalaev (Halle). Moreover, there is an on-campus 

cooperation with the Ferdinand-Braun-Institut, Leibniz-
Institut für Höchstfrequenztechnik.

T4: Joint HU-MBI Group on Theoretical Optics

K. Busch (Humboldt University Berlin) leads a joint HU- 
MBI group on theoretical optics dealing with research  
topics with a strong affinity to the research program of 
Project 3.2.  

 

3. Results in 2015

T1: Nonlinear terahertz and mid-infrared spectros-
copy

Femtosecond nonlinear response of bulk plasmons in a 
highly doped semiconductor

This experimental activity is described in detail and pre-
sented in one of the highlight articles of this annual re-
port [TKS15].

Generation of ultrabroadband terahertz pulses in the or-
ganic crystal DSTMS

Ultrashort optical pulses with spectra spanning more 
than an octave in frequency have found widespread 
application in attosecond physics, ultrafast terahertz 
(THz) and mid-infrared (MIR) spectroscopy and opti-
cal frequency combs. Here, we show the generation of 
pulses with spectra spanning more than 5 octaves in 
the terahertz frequency range by difference-frequency 
mixing within the spectrum of pulses from a Ti:sapphire 
amplifier [SFG15].

Up to now mainly inorganic crystals, e.g., GaSe, GaP, 
AgGaS2, or LiNbO3, have been used for difference 
frequency mixing in the mid-infrared and THz range.  
Recently, an interesting class of organic nonlinear 
crystals has become available, among them 4-N,N- 
dimethyl amino-4’-N’-methyl-stil bazolium 2,4,6-tri methyl - 
benzene sulfonate (DSTMS). In our experiment, pump 
pulses with a center wavelength of 800 nm, a repeti-
tion rate of 1 kHz, and pulse energies of up to 1 mJ are 
generated by a Ti:sapphire oscillator-amplifier system. 
The spectral widths of these pulses are 22 THz (FWHM) 
and 40 THz (full width at 1/10 of the maximum). A built-in 
pulse shaper is used to adjust the spectral phases to ob-
tain very high electric field amplitudes of the generated 
THz radiation. A parallel pump beam was sent onto a 
0.38 mm thick DSTMS crystal to generate the difference 
frequency of spectral components within the spectrum 
of a single 800 nm pulse. For the measurements on 
DSTMS we restricted the pulse energy to 200 µJ, cor-
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responding to an intensity of 100 GW/cm2, to prevent 
damage. The generated THz pulses are detected by 
free-space electrooptic sampling in a 10 µm thick ZnTe 
crystal. As probe pulses for the electrooptic sampling we 
use 12 fs pulses from the Ti:sapphire oscillator. Such a 
thin electrooptic crystal and short probe pulses ensure 
that electrooptic sampling is sensitive for frequencies 
up to 30 THz with the exception of the frequency range 
between 4 and 6 THz, where the (phonon) reststrahlen 
band of ZnTe prevents electrooptic sampling of the THz 
field. 

The spectrum derived by a Fourier transform of the 
electric field transient is shown in Fig. 1. It covers an 
extremely broad range from 0.25 to 26 THz. The broad 
THz spectrum is superimposed by narrow lines at 16.7 
and 20.7 THz. The dip between 4 and 6 THz is caused 
by the reststrahlen band of ZnTe, the generated spec-
trum is flat as seen by measurements with a different 
electrooptic crystal.

The spectra obtained with DSTMS are essentially in-
dependent of the angle of incidence, pointing to a non-
phase-matched generation process in DSTMS which 
allows for the very large bandwidth generated. That the 
THz electric field amplitude is large despite the miss-
ing phase matching is caused by the large second-order 
optical nonlinearity.

 We envisage a broad applicability of this source in time-
resolved nonlinear spectroscopy of molecular systems 
where a large variety of intra- and intermolecular vibra-
tional modes are located in this frequency range.  

T2: Material modification with femtosecond laser 
pulses

Material structuring with few-cycle pulses

Direct laser writing in the volume of transparent mate-
rial is a promising technology for fabricating optical mi-
crostructures in the bulk of solid dielectrics. Because of 
its mechanical, thermal and chemical properties, fused 

silica is commonly chosen as a base material to investi-
gate the influence of the processing parameters on the 
properties of the laser-induced structures. For instance, 
studies examining the consequences of varying the 
repetition rate, the laser pulse energy, polarization, fo-
cusing conditions, wavelength and duration have been 
reported. In fused silica, the combination of strong fo-
cusing (NA ~ 0.5), short pulse duration (τ < 130 fs) and 
modest pulse energy (< 0.5 μJ) enables the fabrication 
of so-called Type I structures, characterized by a homo-
geneous refractive index distribution higher than the re-
fractive index of the pristine bulk and a quasi absence 
of stress in the irradiated material. Although the laser 
pulse duration has been identified as a key parameter 
to enable the fabrication of Type I modifications, there 
is no report showing the effects of using pulse durations 
under 40 fs. For the first time, we explore the potential 
of using few-cycle pulses, i.e., sub-10 fs duration, for 
the bulk micromachining of solid dielectrics. Few-cycle 
pulses are distinguished by their large spectral width 
(about 400 nm in our case). This prohibits the use of 
traditional refractive focusing optics because of the se-
vere spatio-temporal distortions caused by glass disper-
sion. Therefore, we use high NA reflective optics (NA = 
0.5) to confine the electromagnetic radiation down to a 
spot of about 2 μm in radius while preserving the initial 
pulse duration. The laser source is a high repetition rate 
(400 kHz) non-collinear optical parametric amplifier able 
to deliver pulses with an energy of 6.5 μJ. In the focal 
plane, intensities as high as 1015 W/cm² can be reached 
in vacuum. When focusing in fused silica, aberrations 
occur mainly because focusing through a planar air/
glass dielectric strongly affects the pulse wavefront. As 
a consequence, temporal broadening and focus defor-
mation are induced. Surprisingly, we were able to dem-
onstrate that despite those detrimental effects, working 
with few cycle pulses offers great benefits over longer 
pulses. For instance, phase contrast microscopy obser-
vations show the presence of Type I modifications up to 
laser pulse energies of 1.87 μJ at a focusing depth of 
470 μm. The results shown in Fig. 2 suggest that few-
cycle pulses could constitute a unique tool to perform 
direct part marking in transparent materials when the 
stress distribution must be minimized, e.g., in thin glass 
samples.
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Fig. 1:   
Spectrum of the THz pulse 
generated by difference fre-
quency generation within the 
spectrum of ultrafast pulses 
from a Ti:sapphire amplifier/
oscillator system in the or-
ganic nonlinear crystal 
DSTMS. To illustrate the 
large spectral width, the 
upper part displays the key-
board of a piano with the 
frequencies scaled by about 
one billion.
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Plasmon-based LIPSS generation

Multiphoton and single photon excitation mechanisms of 
surface plasmon polaritons (SPPs) are the initial stages 
in the formation of laser-induced periodic surface struc-
tures (LIPSS). In 2015, we studied theoretically and ex-
perimentally the nanooptical feedback mechanisms for 
quasi-1D excitation of such nanostructures, the role of 
gradient fields on LIPSS formation, and the control of the 
structures as a function of the number of applied puls-
es. As an application of such nanostructures we used 
femtosecond-laser induced periodic surface structures 
for surface enhanced Raman spectroscopy (SERS) of 
biomolecules [MDL15]. With LIPSS induced in metals 
(Ag, Cu) at varying substrate speed (0.05-0.005 mm/s), 
wavelength (fundamental at 800 nm, SHG at 400 nm) 
and pulse energy (up to 360 µJ), we performed SERS 
on herring sperm DNA, egg albumins, and bacteria.. 
The chemical modification of the surfaces, i.e. oxidation 
of metals in air ambient, was found to be a significant 
part of the chain of coupled partial processes in SERS 
[MDL15]. In the case of Ag substrates, the SERS sig-
nals for a grating period of 255 nm exceed the signals 
for a period of 530 nm by a factor > 2. In comparison 
to smooth Ag surfaces, the maximum enhancement of 
SERS signals was about a factor 200.

In collaboration with Project 2.1 we found enhance-
ment effects at nanostructured targets (LIPSS in met-
als, dense arrays of ZnO nanorods) in experiments on 
relativistic laser particle generation [APB15, DAM]). 
For this application far-sub-wavelength nanostructures 
with periods down to about 60 nm were generated by 
inducing LIPSS by the SHG of a CPA Ti:sapphire laser 
in different kinds of ultrathin metal foils (Cu, Ti) (Fig. 3). 
The minimum Ti foil thickness was 1 µm (DAM).  
 
Few-cycle nonlinear spectroscopy of semiconductor 
nanostructures

In collaboration with Project 1.1 we investigated non-
linear optical properties of large-bandgap dielectric 
nanolayers (TiO2, SiO2) and nanorods with sub-3-cycle 
pulses at low (few-nJ) pulse energies [HHB15]. The 
nanostructures were characterized by an improved in-
terferometric frequency resolved optical gating (iFROG) 
technique including spectral filtering and more confined 
software. The measured polarization decay times (below 

Fig. 2:   
Type I microstructures 
induced by focusing 
few-cycle laser pulses in 
the bulk of fused silica 
viewed in phase contrast 
microscopy. The laser 
pulses were focused from 
left to right. The number 
of pulses accumulated 
varies between 
10 000 and 4 000 000.

Fig. 3:   
Far-sub-wavelength structures for field enhancement 
experiments with high-power ultrashort-pulse lasers, 
(a) and (b) SEM images detected at different magni-
fication, (c) analysis of the spatial frequency content 
by Fast Fourier transform. The LIPSS were generated 
in extremely thin (micron-range) metal foils (Cu, Ti) 
which were generated by exciting surface plasmon 
polaritons (SPPs) with the SHG of a linearly polarized 
CPA Ti:sapphire laser at a wavelength around  
400 nm. The minimum obtained period in a 1 µm thick 
Ti foil was 61 nm [DAM].
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7 fs) are among the shortest reported values for nonin-
stantaneous effects in near infrared and visible range. In 
addition to the information on time-dependent nonlinear 
dynamics with internal resonance-related delay effects 
(main interest of Project 1.1 in that context) the results 
give information on the material specifi c applicability of 
the nanostructures for the characterization of ultrashort-
pulses, e.g. with autocorrelation techniques.

T3: Optoelectronic devices

Narrow and wide-bandgap optolectronic devices based 
on the III-V-material systems GaAs and GaN, which are 
provided by external partners, are investigated by means 
of optical spectroscopy, such as transient photolumi-
nescence and Raman. These investigations are either 
carried out in cooperative projects such as IMOTHEB 
(together with Osram Opto Semiconductors GmbH and 
Dilas GmbH) funded by the BMBF or within the frame 
of bilateral research contracts as with Lumentum Inc. 
(former JDSU). The basic goal of these activities is the 
search for the fi nal limitations of semiconductor lasers in 
terms of emission power and brightness.

We demonstrated experimentally ex post manipulation 
of ~1.1 µm emitting InGaAs/GaAs-based quantum dot 
(QD) - quantum well (QW) tunnel injection light emitting 
devices [TCN15]. The devices were operated at elevat-
ed forward currents until irreversible alterations were 
observed. As a result, changes in the steady-state opti-
cal spectra (electroluminescence, photoluminescence, 
photocurrent), in carrier kinetics (see Fig. 4), in trans-
port properties, and real structure are found. Except for 
degradation effects, e.g., of larger quantum dots, also 
restoration/annealing effects such as increased tunnel 
barriers are observed. The results furnish evidence for a 
generic degradation mode of nanostructures. We quali-
tatively interpret the mechanisms involved on both the 
nanoscopic and the device scales.

Catastrophic optical damage in 450 nm emitting InGaN/
GaN diode lasers is artifi cially provoked by applying 
single sub-microsecond current pulses of increasing 
amplitude [HTS15]. Studying a batch of devices, we 
fi nd that COD is a ‘hot’ process. It becomes re-ignited 
in subsequent pulses. During the process, the spatial 
fi lamentation changes abruptly and the outer appear-
ance of the damage pattern is predominantly created 
within the initial pulse. The process can cause material 
ejection out of the front facet, probably liquid Gallium, as 
shown by thermography. 

Single-spatial mode lasers emitting at 980 nm are stud-
ied during continuous wave long-term operation and 
ultra-high power short term operation (stress-test) up 
to 13.5 W [HTV15]. We fi nd that both tests eventually 
activate the same degradation mechanism, namely in-
ternal catastrophic optical damage. In the case of ultra-
high power operation, we show that the mechanism that 
initializes this effect is a lateral widening of the optical 
mode, resulting in increased absorption outside the 
waveguide. Defects formed during long-term aging may 
eventually lead to the same effect. Stress testing allows 
for activation of several degradation mechanisms in a 
device one after the other and for distinguishing be-
tween mechanisms induced by aging and independent 
ones. Stress-tests could pave the way towards more 
time-effi cient device testing.

T4: Joint HU-MBI Group on Theoretical Optics

Hyperbolic meta-materials consist of alternating and 
subwavelength-thick metallic and dielectric layers that 
are arranged into one-dimensional periodic lattices. 
When carefully designed such combinations lead – 
within the effective-medium limit – to effective hyperbolic 
dispersion relations that may be exploited for a number 
of applications such as subwavelength imaging, en-
hanced nonlinearities, emission engineering, and many 
more. The dispersion relations of these fi ctitious, spatial-
ly uniform hyperbolic meta-materials (HMMs), support 
radiative modes with infi nitely large wave vectors which, 
in turn, lead to broadband super singularities of the local 
photonic density of states (LDOS).

In the actual nanostructure (i.e., without the effective-
medium description), these singularities become regu-
larized (i) by the fact that, for suffi ciently large wave vec-

Fig. 4:  
Comparison of emission data at 10 K before (black) 
and after (red) the thermal breakdown that annihilates 
the nanobridges between the quantum well and the 
quantum dots (QD). (a) Device emission for forward 
currents of 80 mA. The inset shows the device on its 
submount. (b) Steady state PL. (c) Transient QD PL. 
The transients (symbols) are extracted from the QD 
PL in the photon energy range 1.15-1.17 eV. The fi ts 
(gray lines) have been used in order to determine the 
QW-QD carrier transfer time, which drastically increas-
es from 15 to 120 ps.
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tor values, the actual lattice structure will be resolved, 
(ii) via the nonlocal properties of the thin metallic con-
stituents, and (iii) by local field corrections in the dielec-
tric. We have included these effects in the computation 
of the corresponding electromagnetic Green’s tensors 
and have carried out a comprehensive study of the 
non-additive interplay between the above regularization 
mechanisms. Specifically, from the Green’s tensor, we 
have determined the fluorescence rates (Purcell effect) 
and level shifts for emitters interacting with HMM-like 
structures [IBu15].

Among others, we find that different material models for 
the metallic constituents (e.g., local vs. nonlocal) there 
exist significant differences between the fluorescence 
rates for frequencies above the plasma frequency (see 
Fig. 5). These differences originate from Febry-Perot-
like resonances of longitudinal waves in the nonlocal 
material models. This suggests that future fluorescence 
measurements in HMM-like structures that employ high-
ly-doped semiconductors as the plasmonic elements, 
provide a novel pathway to test nonlocal material prop-
erties. Further, based on the unusual dispersion rela-
tions of HMMs novel cavities can be designed and fur-
ther effects such as the Casimir-Polder interactions and 

quantum friction in the vicinity of HMMs may be comput-
ed in a quantitative level. Corresponding design stud-
ies for fluorescence experiments and novel cavities (in 
collaboration with experimental groups) as well as the 
theoretical developments for the quantitative description 
of the Casimir-Polder interaction etc. are presently un-
der way within the Theoretical Optics group.
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Fig. 5:   
Spontaneous emission enhancement factor derived from 
the orthogonal component of the scattering Green’s ten-
sor of an infinite sequence of alternating silver and silica 
layers (panel (a)). The different curves correspond to 
different material models for silver: The nonlocal semi-
classical infinite barrier model based on the Boltzmann 
equation (blue solid line), the local Drude model (purple 
dashed line) and the nonlocal hydrodynamic model (red 
solid line). Note the significant differences between the 
material models for frequencies above the plasma fre-
quency wp (panel (b)).
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3.3: Transient Structures and Imaging with X-rays

M. Woerner, H. Stiel (project coordinators)
and R. Costard, A. Dehlinger, C. Hauf, A. Hernandez, M. Holtz, R. Jung, V. Juve, C. Seim, J. Tümmler, J. Weißhaupt

1. Overview

The investigation of ultrafast processes on atomic length 
(100 pm) and time (100 fs) scales requires both ultrafast 
bright X-ray sources as well as appropriate instrumenta-
tion such as X-ray optics and spectrometers. The cur-
rent applications focus on time-resolved X-ray diffraction 
experiments on both single crystals (rotation method) 
and powdered samples (Debye Scherrer method) us-
ing two high repetition rate laser-driven plasma sources. 
The evaluation of new imaging techniques utilizing the 
light from coherent highly brilliant soft X-ray sources as 
well as the user operation of a laboratory based X-ray 
microscope for the water window region are subjects of 
collaboration with partners from academia and industry.

2. Topics and collaborations

T1: Imaging and spectroscopy with soft X-rays from 
laser-based sources

Most of the work in this topic is done in the framework of 
the Berlin Laboratory for Innovative X-ray Technologies 
(BLiX) which is jointly operated by the TU Berlin and MBI 
(cf. Project 4.2). Plasma-based soft X-ray laser are ap-
plied for new imaging techniques in joint projects in the 
framework of Laserlab-Europe.

Collaboration partners: HZB-BESSY, FhG-ILT, Aachen, 
optixFab, Jena, AXILON, Köln, INFLPR, Magurele, Ro-
mania, GIST, Gwangju, Rep. Korea, KTH, Stockholm, 
Sweden, FSU Jena, greateyes GmbH, Berlin.

T2: Femtosecond X-ray diffraction  

Investigation of phase transitions and structural dynam-
ics in solids, in close collaboration with Project 3.2.

3. Results in 2015

T1: Imaging and spectroscopy with soft X-rays from 
laser-based sources

Laboratory X-ray microscopy in the water window region

The user operation at a full field Laboratory Transmis-
sion X-ray Microscope (LTXM) developed at MBI in the 
framework of a “BMBF Verbundvorhaben” has been 
continued (cf. Project 4.2). The LTXM is based on a 
highly brilliant laser plasma source emitting a photon 
flux at the short wavelength edge of the water window 
(l = 2.48 nm) The resolution of the system for 2D imag-

ing amounts to about 30 nm which is close to the limit 
given by the outermost zone width of the objective zone 
plate. A light microscope with a sub-mm resolution has 
been integrated. This setup allows correlative imaging 
experiments using both X-rays and visible light. For 
the 3D reconstruction, a sample needs to be imaged 
under several projection angles. The sample stage of 
the LTXM allows a rotation by 60° in both directions, re-
sulting in a total of 120°. Therefore, one must choose 
between a high resolution objective zone plate, which 
would restrain the resolution in the z-direction of the 
tomographic reconstruction, and a high focal length, 
which would allow higher rotation angles. In the present 
case, the objective’s focal length of only 666 μm limits 
the maximum rotation angle to ±20°. For this reason, 
the sample (diatom epithemia sorex) was recorded with 
projection angles ranging from -20° to +20° with an in-
crement of 2°. An example of these images is shown in 
Fig. 1. Further improvement of the 3D resolution is in 
progress.

Fig. 1:   
Example of a nanoscopic image of a diatom (epi-
themia sorex) recorded with the LTXM in 180 s at a 
projection angle of zero degree. The image belongs 
to a series of tomographic recordings taken at rotation 
angles between +20o and -20o. The nanoparticles vis-
ible in the image were used for 3D reconstruction of 
the object [DBG2015].
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New imaging techniques using coherent light sources

The work in this topic is mainly focused on the optimiza-
tion of a table-top plasma based X-ray laser (XRL) as a 
user station and its application for a new Fourier trans-
form holography technique using a specially designed 
diffractive optical element (DOE) provided by HZB-
BESSY. The XRL in grazing incidence pumping geom-
etry is based on a thin-disk laser (TDL) in CPA configu-
ration developed in Project 1.2. In comparison to other 
systems our XRL operates with moderate pump ener-
gies of the TDL providing a 70 mJ long pulse (200 ps) 
and a 250 mJ short pulse (2 ps). The XRL delivers an 
output energy in the order of 100 nJ at 100 Hz repetition 
rate. We could show that at these moderate pumping 
conditions coherent diffraction experiments are feasible 
(collaboration with FSU Jena).

T2: Femtosecond X-ray diffraction 

Improved sensitivity in femtosecond X-ray diffraction ex-
periments performed on single crystals

Recently, mainly the Debye-Scherrer method, i.e., pow-
der diffraction was employed in femtosecond X-ray dif-
fraction experiments to measure simultaneously the 
transient intensity changes ΔI(t)/I of a multitude of Bragg 
reflections using a large area detector. Such an experi-
mental setup is characterized by a rather low number 
of diffracted photons per Bragg reflection and incoming 
X-ray pulse, leading to very long measurement times if 
transient intensity changes smaller than 10-2 are to be 
measured with a sufficient accuracy. In order to reduce 
the measurement time necessary for the unequivocal 
determination of such weakly pronounced ΔI(t)/I tran-
sients we optimized the femtosecond X-ray diffraction 
setup to also include the precise measurement of the 
intensity of individual Bragg reflections by single crys-

talline samples. This method leads to a significantly in-
creased number of diffracted photons per Bragg-reflec-
tion and incoming X-ray pulse.

A further key improvement in this regard is the use of 
CdTe-PIN diodes as X-ray detectors, which have suc-
cessfully been employed in earlier femtosecond X-ray 
diffraction experiments. These detectors are energy 
sensitive and can be read out with the repetition rate 
of the monochromatic X-ray pulses (Cu Kα radiation; 
E = 8.06 keV), thus allowing the precise determination of 
the number of diffracted photons per shot. An exemplary 
histogram depicting the relative number of zero-, one- 
or multi-photon events for the (006) Bragg-reflection of 
LiNbO3 is shown Fig. 2c). The use of these detectors 
is furthermore complemented by chopping the optical 
pump pulse with a frequency of 500 Hz, which allows 
for successfully suppressing intensity fluctuations of the 
X-ray source. Thus, the measurement accuracy is basi-
cally shot noise limited and ideal to measure very weak 
intensity changes with a magnitude of roughly 10-3 down 
to standard errors on the order of 3 * 10-4.

A case benefiting from these improved capabilities is 
the ferroelectric material LiNbO3, the crystal structure of 
which is displayed in Fig. 2a). In 2014, the high field bulk 
photovoltaic effect in LiNbO3 has extensively been stud-
ied by terahertz spectroscopy as a part of Project 3.2. 
However, a detailed microscopic picture revealing the 
nature of the concomitant rearrangement of the electron 
density distribution ρ(r,t) is still lacking. Thus, we em-
ployed femtosecond X-ray diffraction to clarify this open 
question. First diffraction experiments utilizing powder 
samples of LiNbO3 excited via two photon absorption re-
vealed, that the observed intensity changes of the moni-
tored Bragg-reflections ΔI(t)/I caused by the creation of 
electron-hole pairs and the resulting shift current have a 
magnitude smaller than 10-2. Further studies therefore 
employed the improved experimental setup described 

Fig. 2:   
a) The crystal structure of LiNbO3 
with highlighted NbO6 octahedra. 
b) A rotation diffraction pattern re-
sulting from a LiNbO3 single
crystal; the (006)-Bragg reflection 
is marked with a red square. 
c) Histogram obtained with a
CdTe-PIN detector for the 
(006)-Bragg reflection. 
d) Relative change of the diffracted 
intensity ΔI(t)/I of the (006)-Bragg 
reflection versus the time delay in 
a double-logarithmic scale; key ar-
eas of interest are highlighted with 
different colors.
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above. Fig. 2d) shows the exemplary transient intensity 
change ΔI(t)/I of the (006) Bragg-reflection of LiNbO3 
(marked with a red square in the rotation diffraction 
pattern in Fig. 2b) upon excitation via two photon ab-
sorption on a double-logarithmic scale. Three relevant 
time scales can be clearly identified as highlighted by 
different colors. Around t = 0 (yellow) a negative spike is 
observed following approximately the cross-correlation 
function of our time-resolve X-ray diffraction experiment. 
It is followed by a single oscillation with a period of Tosc 
~ 10 ps (highlighted in blue). Both transient intensity 
changes can only be measured with a sufficient accu-
racy employing the improved setup, since their magni-
tude is only ~ 2 * 10-3. At longer delay times up to 1 ns, 
a strong increase of ΔI(t)/II is observed, which is caused 
by the impulsively excited strain wave that propagates 
through the single LiNbO3 crystal.

A transient measured on a single reflection does not al-
low generating the full physical picture of what is going 
on in the LiNbO3 crystal. Thus, these studies will be ex-
tended to numerous other Bragg reflections in order to 
fully reconstruct the corresponding structural changes 
within the unit cell of LiNbO3.

Theoretical analysis of hard X-ray generation by non-
perturbative interaction of ultrashort light pulses with a 
metal

The interaction of intense femtosecond pulses with met-
als allows for generating ultrashort hard X-rays. In 2015 
we have presented a theoretical model for describing 
the physical processes which underlie hard X-ray gen-
eration with metal targets interacting with intense fem-
tosecond optical pulses [WJH15a]. In our approach the 
light-metal interaction is treated with the linear Fresnel 
equations for electrons residing in the metal and the 
vacuum heating model (also called Brunel’s model) is 
applied for electrons in the vacuum. In contrast to plas-
ma theories and Brunel’s model, however, we invoked 
quantum mechanical tunneling for the extraction of elec-
trons from the metal surface. This keeps the electron 
densities in the vacuum at realistic values which are - at 
any time - much smaller than the electron density in the 
target. Moreover, the radiation reaction field is included 
in an effective one-dimensional (1D) propagation geom-
etry, thus allowing for radiative damping and the correct 
energy conservation in light-matter interaction. The gen-
erated flux of Ka photons can be calculated as a func-
tion of the incident optical intensity I, driver wavelength 
l, angle of incidence θ, and carrier-envelope phase fcep 
of the driving pulses. The different parameters were set 
to values close to recent experiments performed in 2014 
at the University of Vienna in collaboration with the MBI 
team. The theoretical model fully accounts for all as-
pects of the experimental results [WJH15a]. In case of a 
negligible space charge in vacuum, the theory predicts 
a characteristic X-ray flux proportional to the incident 
intensity and the wavelength squared I l2, suggesting 
the application of mid-infrared driving pulses for a strong 
enhancement of the generated X-ray flux. Thus, the new 
theoretical results will allow for designing a new genera-
tion of optically driven table-top sources for femtosec-
ond hard X-ray pulses.
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4.1: Implementation of Lasers and Measuring Techniques
I. Will, N. Zhavoronkov (project coordinators)
and A. Anderson, F. Furch, A. Giree, R. Jung, G. Klemz, J. Tümmler

1. Overview

The general goal of this project is the development 
of lasers and optical measurement systems tailored 
to applications specific to MBI or laboratories of 
collaboration partners.

The generation of sub-10 fs pulses by means of Optical 
Parametric Chirped Pulse Amplification (OPCPA) 
technology has further increased in significance during 
the last years. The appropriate OPCPA systems are 
developed in topic 3 of this project.

2. Topics and collaborations

The project is organized in the following topics:

T1: Lasers for particle accelerators

This topic contributes to the development of Free 
Electron Lasers (FELs) by providing highly specialized 
photo injector drive lasers. This work is carried out 
in cooperation with DESY, the Helmholtz-Zentrum 
Dresden-Rossendorf, and the Helmholtz-Zentrum Berlin 
für Materialien und Energie.

T2: Femtosecond laser system with shaped pulses
 
The main task of this topic is the implementation of new 
concepts for generation of few-cycles and/or shaped la-
ser pulses for relevant experiments at MBI.

T3: Development of OPCPA systems

A high-power OPCPA system that is pumped by a high-
power thin-disk laser is being developed in the framework 
of this topic. This project aims to reach a pulse energy of 
10 mJ from the OPCPA with a pulse duration of less than 
10 fs. The system runs at a repetition rate of 100 Hz. 

T4: High repetition rate NOPA

The development of high repetition-rate Non-collinear 
OPA (NOPA) systems (repetition rate ≥ 100 kHz) is the 
goal of this topic. The NOPAs are pumped by fiber lasers 
and by a high-power thin-disk amplifier. 

3. Results in 2015

T1: Lasers for particle accelerators

This topic deals with the development and systematic 
improvement of photocathode lasers for linear 
accelerators (linacs) of the FELs. These lasers are 
needed for driving the photo injectors of the linear 
accelerators. Thus the parameters of the photocathode 
laser, in particular wavelength, synchronization 
accuracy, pulse shape, and stability, have a substantial 
influence on proper operations of the linacs and FELs. 

During 2015, the following results were obtained:

Photocathode laser for the European XFEL

The installation of the photocathode laser at the 
underground XFEL building at DESY Hamburg was 
completed. The laser was put into full operation and has 
successfully been used for initial tests and for the first 
operation of the RF photo injector of the XFEL. It is now 
being used routinely to drive this RF gun.

A detailed description of this laser can be found in the 
Annual Report 2014, Project 4.1.

Laser at the Helmholtz-Zentrum Dresden-Rossendorf 
(HZDR)

At the HZDR a superconducting RF gun is being 
developed, that is driven by a two-channel photocathode 
laser that was developed at the MBI and installed at 
Rossendorf in 2013. Details of this laser can be found in 
the Annual Report 2011, Project 4.1. The power of this 
laser needs to be increased from 7 W to >10 W in the 
IR. This will be accomplished by replacing the single-
stage fiber preamplifier with a more powerful two-stage 
version. In 2015, we have developed an appropriate 
two-stage fiber amplifier. In order to limit nonlinear 
effects, the second stage of this amplifier operates 
with a photonic crystals fiber of 32 µm core diameter. 
Installation of this amplifier at the HZDR is planned for 
spring 2016. It will increase the UV power of the pulses 
of the photocathode laser to more than 1 W. 

Lasers at the Helmholtz Zentrum Berlin (HZB)

A gradual improvement of the photo injector drive laser for 
GunLab was carried out. This laser was developed and 
installed by the MBI in 2010. GunLab is a predecessor 
of the Energy Recovery Linac Project bERLinPro at 
HZB. In order to enable the planned investigations of 
the beam dynamics of the electron bunches generated 
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in the photo injector, the following extensions have been 
added to the GunLab laser:

• Doubling of the repetition rate to 30 kHz.

• Installation of an adjustable pulse stretcher that  
 allows for variation of the length of the laser pulses  
 and, consequently, of the electron bunches between 
 2 and 30 ps.

The MBI also engages in the development of the 
photoinjector drive laser of the high-average current 
energy recovery linac, which is being built at the HZB 
(Project bERLinPro). According to the specifications 
of the linac, this laser should produce pulses with a 
maximum repetition rate of 1.3 GHz. Thus a highly stable 
modelocked oscillator running with 1.3 GHz repetition 
rate is required.

In 2015, we have developed and tested several 
alternatives for this oscillator, including a fundamentally 
modelocked linear laser cavity, a harmonically 
modelocked fiber laser, as well as a short laser cavity 
passively modelocked by a semiconductor saturable 
absorber. Currently, the tested oscillators only partially 
fulfill the complete set of requirements, in particular 
with respect to high long-term stability, reliability and 
synchronization accuracy. At present, an actively 
modelocked ring laser is being tested, which is the most 
promising candidate to meet all requirements to the 
oscillator of the photocathode laser for BERLinPro.

T2: Femtosecond laser system with shaped pulses

Intense few-cycle pulses are essential for studying 
electron dynamics of atomic or molecular systems in 
ultrafast timescales. The femtosecond laser system 
discussed here delivers pulses with programmable 
temporal pulse shape, energy, polarization and duration 
in different spectral ranges up to the XUV. 

In 2015, the system was further improved and utilized 
for the following applications:

• study of excited states of Argon after excitation by 
strong infrared pulses with sub-femtosecond tempo-
ral resolution,

• study of magnetization dynamics of multicomponent 
magnetic alloys and multilayers, 

• direct generation of circularly polarized high harmon-
ics.

For the first class of experiments pulses with 1.5 mJ en-
ergy and 35 fs duration from a Ti:sapphire laser system 
operated at 1 kHz repetition rate were coupled into a 
1 m long hollow core fiber (HCF) with inner diameter 
of 0.32 mm filled with Ne. The shortest duration of the 
compressed output pulses was measured to be 4.3 fs, 
which corresponds to less than 1.8 optical cycles. These 
pulses were directed towards a Michelson interferom-
eter to deliver pump-probe pulses with variable delay 
and different intensity ratios. The experiments were 

conducted with pump and probe pulses in a collinear 
geometry. The objective of this application was to study 
the population of excited states in Ar after strong field 
ionization using the Velocity Map Imaging (VMI) method 
to record the velocity distribution of photoelectrons. 

An example of measured kinetic energy spectra as a 
function of pump-probe delay is shown in Fig. 1. The 
observed spectra demonstrate a strong dependence 
on the delay between pump and probe pulses with a 
clearly resolved sub-cycle structure. More details for 
excited state dynamics are presented in the report of 
Project 2.3.

In order to extend the spectral range we developed a 
new modular source for high harmonics generation 
(HHG) in cooperation with Projects 2.3 and 3.2. The 
developed set-up has a flexible design and can be 
adapted to the actual requirements of different experi-
mental tasks. The HHG source can deliver radiation 
with up to 120 eV photon energy. The obtained stabil-
ity of the source, measured as the integrated intensity 
for the single 43rd harmonic, amounts to 2.7 % RMS. 
In cooperation with TU Berlin, we have implemented a 
special XUV phase retarder (polarizer). The resultant 
XUV radiation has an ellipticity of > 0.75. The retarder 
reaches a throughput of 20 % over the photon energy 
range between 40 and 70 eV. This source was applied 
to investigate element-specific probing of magnetization 
in multi-component magnetic alloys and multilayers by 
measuring the magnetic-circular-dichroism (MCD). We 
have demonstrated time-resolved MCD signals of Ni- 
and Co- samples using a HHG source for the first time. 
We have achieved a temporal resolution of 60 fs. For 
more details see Project 2.2.

Finally, we have successfully tested a new approach for 
generating circularly polarized XUV radiation via HHG. 
We produced a tailored driving field by superimposing 
two counter-rotating circularly polarized pulses with fre-
quencies w and 2w.

Fig. 1:   
Electronic spectrum obtained with sub-5 fs pulses as 
a function of pump-probe delay.
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The main strength of this approach is the ability to gen-
erate harmonics with fully tunable ellipticity, from circular 
to linear, by tuning the ellipticity of one of the fields.

For perfectly circular drivers, only frequencies Ω = (n+1)
w + n 2w = (3n+1)w and Ω = nw + (n+1)2 = (3n+2)w are 
allowed (n is integer). On the other hand, the orders 
N = 3n are symmetry-forbidden in centrally symmetric 
media (Fig. 2).

The key features of this method for generating circularly 
polarized harmonics are:

• There is no loss in overall generation efficiency, com-
pared to linearly polarized drivers, extended by a mir-
ror set for rotation of the polarization.

• Harmonics are circularly polarized as they are pro-
duced already at the single-atom level.

• Successive harmonics are polarized in opposite di-
rections: The N = 3n+1 harmonics follow the polariza-
tion of the fundamental (w) field, while the N = 3n+2 
harmonics have the polarization of the second har-
monic (2w) field.

• 

The relative phase f between the two phase-locked 
driving fields only rotates the field. Consequently, it does 
not affect the HHG in centrally symmetric media. This is 
an important benefit since f may change during propa-
gation due to different dispersion of medium at the fre-
quencies w and 2w.

Figures 2 and 3 present results from the experiments 
where we follow the described approach. We use two 
beams, with fundamental radiation centered at 790 nm 
and at its second harmonic centered at 395 nm. Intensi-
ty of every third harmonic in the HHG-spectrum is dras-
tically reduced according to selection rules described 
above. The polarization of the allowed harmonics is 
supposed to be elliptical. Detailed measurements of the 
degree of ellipticity of the produced radiation, as well as 
its helicity, are planned for 2016.

T3: Development of a Terawatt OPCPA system

The goal of this topic is to set up an OPCPA system 
that produces high-energy (E > 10 mJ) pulses with sub-
10 fs duration. When applying these pulses to HHG, 
the generated high harmonics will be powerful enough 
to perform pump-probe experiments at attosecond 
timescales. 

Our OPCPA design utilizes powerful thin-disk lasers 
as pump source that have been developed during the 
previous years in the framework of Project 1.2.

The OPCPA amplifier is seeded by near-IR few-
cycle pulses from a Ti:Sa oscillator (rainbow HP from 
FEMTOLASERS Productions GmbH), which has been 
electronically synchronized to the oscillator of the pump 
laser.

In 2015, a detailed modelling of the three OPA stages 
was carried out. These calculations showed that the 
OPA crystals should be pumped with pulses shorter than 
5 ps and intensities in the order of 50 GW/cm2. In order 
to realize these pump parameters, the setup of the TW 
OPCPA was completely rebuilt in another laboratory and 
pumped with an appropriately adapted thin-disk laser.

The present OPCPA setup extensively utilizes spatial 
filters for cleaning the pump beams and relay-imaging 
the pump through the compressor and SHG generation 
of the pump beam, and further into each of the neces-
sary OPA crystals. In order to increase workability of 
the system the pump channels (pump telescopes) are 
separated from the OPCPA beam path. This provides 
simplicity of the beam path, and access for alignment of 
both pump and seed beams.

Figure 4 shows a scheme of the present OPCPA setup, 
together with the two-channel thin-disk pump laser. At 
present, all drawn buildings blocks, except for the com-
pressor, have been implemented and are operational.

The OPA presently generates an output pulse of 14 mJ 
energy when pumping the last OPA stage with 100 mJ 
pulses of 515 nm wavelength. Given an input energy 
of 1 nJ and a total gain in the order of 107, the spectral  

Fig. 2:   
Image from the XUV spectrometer showing high 
harmonics generated by two color counter-rotating cir-
cularly polarized pulses. Horizontal scale: wavelength 
(not calibrated).

Fig. 3:   
Spectrum of the harmonics generated by two color 
counter-rotating circularly polarized pulses (red trace) 
compared to high harmonics generated by linearly po-
larized driver at 790 nm wavelength (black trace).
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width of the output pulses is typically 180 nm (fwhm), 
(see Fig. 5), which should allow for a pulse duration of 
7 fs after compression.

At present, the output pulse is an amplified version of 
the input pulse only at lower pump level of the OPA, ap-
proximately up to Eout = 3 mJ, which corresponds to a 
total OPA gain of G = 3*106. When pumping the OPA 
stages stronger, the output energy increases, but the 
pulse contains a significant part (typically between 30 
and 60 %) of amplified induced superfluorescence of the 
first OPA stage. It turned out that this undesirable effect, 
which is due to the relatively low seed pulse energy of 

Eseed ~ 1 nJ, and to the high gain required to produce 
output pulse energy above 10 mJ, is difficult to suppress 
with the current seed-pulse oscillator. The most promis-
ing way to overcome this problem is the installation of 
a stronger seed source based on Ti:Sa oscillator and 
a Ti:Sa preamplifier, optionally followed by a gas filled 
hollow-core fiber that compensates the spectral narrow-
ing of the pulse in the preamplifier. 

Installation of this improved system generating a more 
powerful seed pulse is one of our major goals in 2016.

T4: High repetition rate NOPA

Experiments in attosecond science aim to follow the ul-
trafast dynamics induced by the coherent excitation of 
multiple electronic levels of atoms or molecules after 
sudden photoexcitation or photoionization. Detection of 
ion and electron momenta in coincidence after photo-
ionization is an ideal tool to study these systems. De-
tection in coincidence requires that only one ionization 
event is produced per laser shot and therefore demands 
high repetition rate sources. In this activity we aim to de-
velop light sources delivering Carrier-Envelope Phase 
(CEP) stable few-cycle pulses at high repetition rates  
(≥ 100 kHz) and several Watts of average power, to 
enable experiments in attosecond science with coinci-
dence detection. 

In 2013, we demonstrated the combination of a Non-
collinear Optical Parametric Amplifier (NOPA) providing 
CEP-stable few-cycle pulses at 400 kHz with a reaction 

Fig. 4:  
Scheme of the OPCPA setup and the two-channel thin-disk pump laser (all parts drawn, except the compressor, are 
operational in the present setup).

Fig. 5:   
Spectrum taken at the output of the OPA. The energy 
of the output pulses was 14 mJ.

Wavelength [nm]

In
te

ns
ity

 [a
.u

.]

650               750              850                950            1050

Spectrum at the output of the OPA 
Eout = 14 mJ

Dl



83

microscope. After an upgrade in energy per pulse and 
average power in 2014, in 2015 the ultra-high repeti-
tion rate NOPA has been optimized (pulse compression, 
long term output power stability) and commissioned for 
different applications.

The basic architecture of the system is sketched in 
Fig. 6. A Carrier-Envelope Phase-stable, octave-span-
ning Ti:sapphire oscillator (Pulse:ONE, VENTEON Fem- 
tosecond Laser Technologies GmbH) seeds both 
the NOPA operating at a central wavelength around  
850 nm, and an Yb-doped fiber chirped pulse amplifier 
system (High Power Tangerine, Amplitude Systèmes) 
with a central wavelength around 1030 nm. The fre-
quency-doubled output of the fiber amplifier provides the 
pump pulses for the NOPA. Seed and pump pulses for 
the NOPA are thus passively synchronized. Amplifica-
tion of the ultra-broadband pulses takes place in two 
parametric amplifications stages based on type I phase 
matching in BBO crystals. In the second amplification 
stage the amplification is divided into two separate thin 
crystals. Compression is achieved utilizing chirped mir-
rors and a pulse shaper located in between the oscillator 
and the NOPA. 

The pump laser delivers > 24 W at 515 nm at 400 kHz. 
The NOPA amplifies the oscillator pulses up to an aver-

age power of almost 5 W (> 12 µJ). The amplified spec-
trum spans more than 300 nm (-10 dB point) around a 
central wavelength around 850 nm supporting sub-6 fs 
pulses. The pulses were compressed down below 7 fs. 
Figure 7 shows the reconstructed temporal shape.

A separate NOPA stage was built to characterize the 
changes in the delay between pump and seed pulses. 
The additional NOPA stage utilizes the residual pump 
power after BBO3 (see Fig. 6) and a reflection of the 
seed off BBO2. The idler from a parametric amplifier 
provides a cross correlation measurement between the 
seed and pump pulses when the delay between them 
is varied. Such a measurement was utilized to charac-
terize and compensate changes in the delay. The slow 
feedback loop, consisting on a PID controller and a 
combination of a piezo stage and a stepper, locks the 
delay between pump and seed pulses and allows sta-
bilizing the output power and spectrum. Figure 8 shows 
the output power with and without implementation of the 
delay stabilization.

During 2015 this infrastructure has been employed 
for strong field ionization experiments with ion-ion 
coincidence detection (as part of Project 2.2) and 
material processing with few-cycle pulses (as part of 
Project 3.2). These activities will continue in 2016.

Time [fs]

Fig. 6:  
Block diagram of the 
complete system (up-
per block); sketch of the 
NOPA (lower block).

Fig. 7:   
SPIDER reconstruction 
of the compressed am-
plified pulses.
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Additionally, a new pump laser has been acquired during 
2015 and installation is scheduled for March of 2016. The 
new pump laser is based on a thin-disk amplifier and is 
expected to deliver 120 W at 515 nm, 100 kHz repetition 
rate and 1 ps pulses. A new NOPA will be developed 
during 2016 with the aim of achieving carrier-envelope 
phase stable sub-7 fs pulses at 100 kHz, with more than 
100 µJ of energy per pulse. The output of this system 
will be employed to generate high order harmonics 
and perform XUV-IR pump-probe experiments with 
coincidence detection utilizing a reaction microscope 
(Project 2.3).

Publications

Publications which have emerged from work in this 
infrastructure project are listed under the relevant 
projects (1.1, 1.2, 2.1, and 2.2).

Invited Talks at International Conferences  
(for full title see appendix 2)

F. Furch; OSA 2015 Int. Workshop on Compact EUV 
& X-ray Light Sources (Maastricht, The Netherlands, 
2015-10)

Time [minutes]

Fig. 7:   
Average power vs time 
with and without de-
lay stabilization in the 
NOPA.

0                 5                10               15               20               25               30

Po
w

er
 [W

]

4

3

2

1

0

Power on target



85

4.2: Application Laboratories and Technology Transfer 
 
Femtosecond Application Laboratories (FAL)
V. Petrov (project coordinator)

1. Overview

Research at MBI requires interdisciplinary scientific 
staff, flexibility in the definition and organization of sci-
entific projects, and a long term scientific infrastructure.

MBI has chosen to concentrate some of its main experi-
mental resources in the application laboratories, provid-
ing flexible, versatile and cost-effective access to expen-
sive, state-of-the-art equipment for internal researchers. 
In addition, the application laboratories, started about 
20 years ago, are particularly suited for MBI’s various 
access activities and collaboration programs extended 
to external partners from science and industry. At pre-
sent the MBI offers access to the following femtosecond 
laboratories:

• MultiColor fs-system
• UV/MIR fs-system
• High-power shaped pulse fs-system
• 80 MHz fs-system.  

Since 2013 the further development of the existing appli-
cation laboratories is confined to improvement of some 
application experiment related special parameters.

2. Results in 2015

Starting from 2015, sub-5-fs pulses with an energy up 
to 1 mJ are available in the high-power shaped pulse fs-
lab by compression of the initial 40-fs pulses in a hollow 
core fiber (HCF) filled with Ne at gradient pressure. A 
first pilot application was performed in collaboration with 
Project 2.3. In 2015, a 2 × 64 HgCdTe double detector 
array was implemented in the UV/MIR fs-lab, sensitive 
in the 2.5 - 12 µm wavelength range, which allows for 

a more versatile detection of transient IR spectra with 
higher spectral resolution.

A great deal of the ongoing efforts within Projects 1.2 
and 4.1 are devoted to new unique high repetition rate 
and high-power sources for HHG and as-spectroscopy. 
In one of the OPCPA systems the output pulse pa-
rameters at 100 kHz after the 2nd stage reached 96 µJ 
at 1.55 µm (~ 50 fs) and 47 µJ at 3.1 µm (potentially 
CEP stable) with much higher expectations for the 3rd 
stage (under development) for which the major part of 
the pump power (at 1.03 µm) has been preserved. The 
other high repetition rate (400 - 800 kHz) OPCPA sys-
tem with a center wavelength around 800 nm delivers 
at present an average power of ~5 W for compressed 
pulse duration of ~ 6 fs. It is expected that when these 
systems are completed and reach a stable operational 
mode, they also will be offered within the application 
laboratories framework.

 

3. User statistics

In 2015, the overall use of the FAL occupied more than 
70 % of the available access time. About 20 % were uti-
lized by visiting scientists (from China, Hungary, Ireland, 
Russia, and Spain) supported by the Laserlab-Europe, 
M. Sklodowska-Curie (EU) and other foreign funding 
programs.

Publications

All publications which have emerged from work in this 
facility are listed under the relevant research projects. 

Fig. 1:   
Generation of filaments in Argon by excitation 
with 50 fs, 5 mJ pulses at 800 nm (repetition rate: 
1 kHz) in the UV/MIR lab.

Fig. 2:   
Novel mode-locking devices for 
femtosecond lasers operating in 
the 2 µm spectral range are stu-
died in the 80 MHz lab, such as 
near-surface quantum well (QW) 
GaSb-based saturable absorbers 
(SAs). The Tm:CALGO laser 
part of whose set-up is shown 
in the picture was successfully 
mode-locked by such a SA which 
enabled highly stable self-starting 
and self-sustaining operation.
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High-Field Laser Application Laboratory (HFL)
M. Schnürer (project coordinator)

1. Overview

Experimental research with ultra-intense laser fields re-
quires specific light sources and a dedicated environ-
ment. Therefore MBI has developed and operates since 
2000 the High-Field Laser Application Laboratory. A ma-
jor laser upgrade (100 TW) and the construction of a lab-
oratory enabling experiments with GeV electron pulses 
was realized in 2009. The HFL is the experimental basis 
of high-field laser physics, particularly relativistic plasma 
dynamics and light-matter interaction in ultra-strong elec-
tromagnetic fields. This infrastructure supported the ef-
fective realization of external access programs (Laserlab-
Europe), national collaboration (TRANSREGIO 18), in-
house collaboration and beam time for in-house projects.

The present laser equipment, based on two parallel 
(100 TW and 70 TW), optically synchronized Ti:sapphire 
laser systems with intensities in excess of 1020 W/cm2 

and pulse duration of 25 and 35 fs excels by its pulse 
contrast capability, allowing e.g. the investigation of novel 
laser particle acceleration schemes.   
 
Infrastructure

Laser beam parameters like energy and pulse-duration 
can be varied in both arms. Diverse diagnostic equip-

ment allowing for high spectral, spatial and temporal 
resolution, consisting of optical and X-ray cameras, X-
ray and EUV-spectrometers and Thomson spectrom-
eters is available. The following supporting systems are 
available to measure and steer laser parameters:

• SPIDER for control of the duration of the Ti:sapphire 
laser pulse at full energy (10 fs resolution) and an 
scanning 3rd order correlator for the Ti:sapphire laser 
with high dynamic range,

• adaptive mirror-systems with wavefront controlling 
Hartmann sensor (70 TW and 100 TW laser beam 
line).

Main research directions include electron acceleration 
using the radiation shielded laboratory and proton/ion 
acceleration. 

2. Results in 2015

In 2015, the HFL infrastructure has been used for dif-
ferent laser-particle acceleration experiments including 
electron and ion acceleration. Novel results are reported 
in the context of Project 2.1.

Fig. 1:   
Parameter of the 70 TW (35 fs) (left) and 100 TW (25 fs) (right) laser pulses: upper row - pulse duration, middle row 
– temporal contrast and lower row – intensity distribution of focus obtained with f/2.5 to ~ 1.5 * 1020 W/cm2 for ion ac-
celeration (left) and with f/15 to 3 * 1018 W/cm2 for electron acceleration (right).
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As in previous years, continuous work on laser param-
eter stabilization is an important topic. The given laser 
architecture of the 100 TW bears several sensitive pos-
sibilities for influencing the temporal pulse contrast. The 
changes can be dramatic and continuous parameter 
control is necessary. Values which are applied in ex-
periments are shown in the overview of Fig. 1. At the 
end of 2015 a newly modified 3rd order correlator from 
Amplitude Technology © has been used to improve the 
temporal pulse contrast further. As visible from the cor-
relation traces several pre-pulses have been detected, 
prompting research into their origin. Wavefront degrada-
tion is handled with a feedback controlled large aperture 
adaptive mirror operating at full laser power. Improve-
ment has been achieved by replacing originally used 
vacuum windows from the power amplifier (Amplitude 
laser arm). The control and further optimization of the 
pulse spectrum was a part of continuing work to stabilize 
the achievable pulse power and thus the intensity in the 
focused beam at a high level.

Interaction experiments with ultra-high temporal pulse 
contrast due to XPW-frontend and plasma-mirror combi-
nation have been continued in 2015. The basic contrast 
achieved by XPW technology provides a plasma mirror 
operation at 80 % reflectivity which is an extraordinary 
high value. Ultra-high temporal pulse contrast is nec-
essary for laser drive of ultra-thin foils. This allows the 
study of electron dynamic being relevant for ion accel-
eration and such processes like electron blow out and 
direct electron acceleration in intense laser fields.

Experimental areas

A view to the currently installed electron acceleration 
setup inside the radiation shielded Bunker area for ex-
periments is shown in Fig. 2.

Ion acceleration experiments performed with a low shot 
repetition rate are currently placed outside the Bunker, 
but they are also continuously surveyed concerning 
emitted X-rays and neutrons. The target chamber setup 
is shown in Fig. 3. 

3. Users

In 2015, system operation was exclusively, except a 
short campaign at the end of 2015, used for the MBI 
in-house 2.1 project. This research is tightly connected 
to tasks within (i) the DFG funded TRANSREGIO 18 col-
laborative research consortium, (ii) a small DFG funded 
project – relativistic nano-plasma photonic – and (iii) the 
CHARPAC-program (completed November 2015) within 
the Integrated Laser Infrastructure Network Laserlab-
Europe and other bilateral cooperation’s. 

Laserlab Access

Laserlab project “High repetition rate Ti:sapphire EPD 
amplifier”:

• Vladimir Chvykov – Senior Research Scientist,
• Huabao Cao – Research Fellow,
• Roland Nagymihály – Junior Research Fellow,  

ELI-ALPS 

December: 1 week (cont. January 2016)

Publications

All publications which have emerged from experiments 
in HFL laboratory are listed under the relevant research 
projects. 

Fig. 3:   
Ion acceleration experiment: interaction chamber including focusing 
optics, attached optical, X-ray and particle diagnostic.

Fig. 2:   
Electron acceleration experiment inside the bunker: beam switching chamber, interaction chamber, concrete enclosed 
electron spectrometer and concrete beam dump (background), optical diagnostic at the left.
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Berlin Laboratory for innovative X-ray Technologies (BLiX)
H. Stiel (project coordinator)

1. Overview

The Berlin Laboratory for innovative X-ray Technologies 
(BLiX, www.blix.tu-berlin.de) is jointly operated by the 
Institut für Optik und Atomare Physik (IOAP) of the TU 
Berlin and the Max-Born-Institut. BLiX is the „Leibniz-
Applikationslabor“ of MBI. It addresses scientific issues 
of importance to science and industry in order to trans-
fer research results into prototypes. MBI contributes to 
BLiX among others:

• with the management of the user operation of a full 
field laboratory transmission X-ray microscope (LTXM)

• with the support of user operation at a soft X-ray spec-
troscopy beamline based on a highly brilliant laser pro-
duced plasma X-ray source 

• with the transfer of know-how concerning the develop-
ment and application of optics for the soft and hard 
X-ray region.

2. Results in 2015

In 2015, work at the full field laboratory transmission 
X-ray microscope (LTXM, photon energy 500 eV, mag-
nification up to 1100, resolution < 35 nm) mainly con-
centrated on the implementation of tomography and the 
improvement of the light microscope integrated into the 
LTXM. Both developments are mainly inspired by user 
demands.

Depending on the magnification of the LTXM, its field of 
view covers between 20 and 30 µm. The biological sam-
ples investigated are either grown on TEM grids with 
about 3 mm in diameter or fixated on a silicon-nitride-
window. It is clear that picking certain area of interest 
on one of these sample holders and imaging precisely 
this spot at high resolution with the LTXM becomes very 
challenging without a detailed overview of the sample. 
The integrated light microscope allows picturing the 
object under investigation by rotating the sample stage 
through 90°. Figure 1 shows such a complete overview 
picture by light microscopy of all objects fixated on the 
grid. If correctly calibrated, the light microscope can 
point out the area that the LTXM will image once the 
sample has been rotated back to its original position. 
Therefore, a single object (e.g. a diatom as shown in 
Fig. 1) could be selected from the overview picture for 
tomography (cp. Fig. 2).

Fig. 2:   
Images recorded with the LTXM in tomography mode @ 500 eV. 
Four projections, each recorded with 180 s recording time are 
shown. Sample: Diatom epithemia sorex. The black dots visible 
in the images are gold nanoparticles which were used as fiducial 
markers for the 3D reconstruction procedure.

Fig. 1:   
Overview image recorded with the light micro-
scope integrated into the LTXM. The image 
shows some single objects and their environ-
ment. A single object (Diatom epithemia sorex, 
marked by circle) can be selected for tomogra-
phy (cp. Fig. 2).
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User applications at LTXM which were started in 2014 
were continued. These applications refer to investiga-
tions on nanoparticles e.g. in cells or human skin and 
inactivation of bacterial endospores by high pressure 
treatment. 

The work on the soft X-ray spectroscopy beamline 
based on a laser produced plasma (LPP) source (pho-
ton energy range between 100 and 1000 eV, maximum 
average brightness in selected emission lines up to 
1011 ph/s*mm2*mrad2) has been continued. This beam-
line is mainly applied in user driven investigations via 
near edge X-ray absorption fine structure (NEXAFS) 
spectroscopy at carbon, nitrogen and oxygen K-edges. 
In 2015, novel X-ray optics have been implemented 
allowing high resolution carbon and nitrogen K-edge 
NEXAFS. A resolution of E/ΔE ~ 950 at the respective 
edges could be demonstrated also for single shot spec-
tra. Hence, investigations of radiation sensitive biologi-
cal specimen become possible.

3. Collaborations 

FhG-ILT, Aachen
optixFab, Jena
greateyes GmbH, Berlin
HZB-BESSY
PTB, Berlin
KTH, Stockholm, Sweden
BESTEC GmbH, Berlin
FH Koblenz-Remagen

 

4. Users

Charité Berlin
Leibniz Institut ATB, Potsdam
TU Berlin

Publications

All publications which have emerged from work in BLiX 
are listed under the relevant research projects (cp. Proj-
ect 3.3).
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nard, D. Ros, A. L. Marec, S. Daboussi, L. Lu, A. Klis-
nick, and P. Zeitoun; Transient collisionally excited X-ray 
lasers pumped with one long and two short pulses; in 
X-Ray Lasers 2014, Springer Proceedings in Physics 
of the 14th International Conference on X-Ray Lasers 
(2015) Vol. 169, 53-59

UPB15: N. Umemura, V. Petrov, V. V. Badikov, and K. 
Kato; Temperature-tuned 90° phase-matched SHG and 
DFG in BaGa4S7; SPIE Proc. 9347 (2015) 93470N/1-6

WJH15a: J. Weisshaupt, V. Juvé, M. Holtz, M. Woerner, 
and T. Elsaesser; Theoretical analysis of hard X-ray gen-
eration by nonperturbative interaction of ultrashort light 
pulses with a metal; Struct. Dyn. 2 (2015) 024102/1-19

WJH15b: J. Weisshaupt, V. Juvé, M. Holtz, S. Ku, M. 
Woerner, T. Elsaesser, S. Ališauskas, A. Pugžlys, and 
A. Baltuška; Sub-100 fs mid-infrared pulses as driver for 
a table-top hard  X-ray source; in Ultrafast Phenomena 
XIX, K. Yamanouchi, S. Cundiff, R. de Vivie-Riedle, M. 
Kuwata-Gonokami, and L. DiMauro eds. (Springer, Hei-
delberg, 2015) 770-773

WSZ15: F. Willems, C. T. L. Smeenk, N. Zhavoronkov, 
O. Kornilov, I. Radu, M. Schmidbauer, M. Hanke, C. von 
Korff Schmising, M. J. J. Vrakking, and S. Eisebitt; Prob-
ing ultrafast spin dynamics with high-harmonic magnetic 
circular dichroism spectroscopy; Phys. Rev. B 92 (2015) 
220405(R)/1-5

WWM15: J. F. M. Werra, C. Wolff, C. Matyssek, and K. 
Busch; Current sheets in the discontinuous Galerkin 
Time-Domain method: An application to graphene; SPIE 
Proc. 9502 (2015) 95020E/1-12

YHY15: H. S. You, S. Han, J.-H. Yoon, J. S. Lim, J. Lee, 
S.-Y. Kim, D.-S. Ahn, J. S. Lim, and S. K. Kim; Structure 
and dynamic role of conical intersections in the πσ*-
mediated photodissociation reactions Int. Rev. Phys. 
Chem. 34 (2015) 429-459

YTK15: F. Yue, J. W. Tomm, D. Kruschke, B. Ullrich, and 
J. Chu; Temperature dependence of the fundamental 
excitonic resonance in lead-salt quantum dots; Appl. 
Phys. Lett. 107 (2015) 022106/1-5

ZBE15: H. Zimmermann, J. Buller, S. Eilzer, and U. 
Eichmann; Strong-field excitation of Helium: Bound 
state distribution and spin-effects; Phys. Rev. Lett. 114 
(2015) 123003/1-5

ZEE15: H. Zimmermann, S. Eilzer, and U. Eichmann; 
Excited state distribution and spin-effects in strong-field 
excitation of neutral Helium; J. Phys. Conf. Ser. 635 
(2015) 092134/1-2

ZPG15: Y. Zhang, V. Petrov, U. Griebner, X. Zhang, H. 
Yu, H. Zhang, and J. Liu; Diode-pumped SESAM mode-
locked Yb:CLNGG laser; Opt. Las. Techn. 69 (2015) 
144-147

 
in press

ABH: S. W. Anzengruber, S. Bürger, B. Hofmann, and 
G. Steinmeyer; Variational regularization of complex de-
autoconvolution and phase retrieval in ultrashort laser 
pulse characterization; Inverse Probl. 

BCB: T. Bredtmann, S. Chelkowski, A. D. Bandrauk, and 
M. Ivanov; XUV lasing during strong-field-assisted tran-
sient absorption in molecules; Phys. Rev. A 

BPB: M. Berg, B. Paulus, and T. Bredtmann; Electronic 
quantum fluxes in vibrating symmetric and polar single, 
double and triple bonds; Mol. Phys. 

CMS: E. Carrascosa, T. Michaelsen, M. Stei, B. Bastian, 
J. Meyer, J. Mikosch, and R. Wester; Imaging proton 
transfer and dihalide formation pathway in reactions of 
F-+CH3l; J. Phys. Chem. A 

Eic: U. Eichmann; Strong-field induced atomic excitation 
and kinematics; in Ultrafast Dynamics Driven by Intense 
Light Pulses (Springer Series on Atomic, Optical, and 
Plasma Physics) 
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GBS: L. v. Grafenstein, M. Bock, G. Steinmeyer, U. 
Griebner, and T. Elsaesser; Taming chaos: 16 mJ pi-
cosecond Ho:YLF regenerative amplifier with 0.7 kHz 
repetition rate; Laser Photonics Rev.

GKZ: U. Griebner, P. Klopp, M. Zorn, and M. Weyers; 
Femtosecond mode-locked semiconductor disk laser; in 
Ultrashort Pulse Laser Technology, S. Nolte, F. Schrem-
pel, and F. Dausinger eds. (Springer, Heidelberg)

GLS: B. Guchhait, Y. Liu, T. Siebert, and T. Elsaesser; 
Ultrafast vibrational dynamics of the DNA backbone at 
different hydration levels mapped by two-dimensional 
infrared spectroscopy; Struct. Dyn.

GSC: T. Gorkhover, S. Schorb, R. Coffee, M. Adolph, 
L. Foucar, D. Rupp, A. Aquila, J. D. Bozek, S. W. Epp, 
B. Erk, L. Gumprecht, L. Holmegaard, A. Hartmann, R. 
Hartmann, G. Hauser, P. Holl, A. Höhmke, N. Kimmel, 
K.-U. Kühnel, P. Johnson, M. Messerschmidt, C. Reich, 
A. Rouzée, B. Rudek, C. Schmidt, J. Schulz, H. Soltau, 
S. Stern, G. Weidenspointner, B. White, J. Küpper, L. 
Strüder, I. Schlichting, J. Ullrich, D. Rolles, A. Rudenko, 
T. Möller, and C. Bostedt; Femtosecond and nanome-
ter visualization of structural dynamics in superheated 
nanoparticles; Nature Photon.

HMM: D. Huynh, M. Moeferdt, C. Matyssek, C. Wolff, 
and K. Busch; Ultrafast three-wave-mixing in plasmonic 
nanostructures; Appl. Phys. B 

HMW: A. Hille, M. Moeferdt, C. Wolff, C. Matyssek, R. 
Rodriguez-Oliveros, C. Prohm, J. Niegemann, S. Graf-
ström, L. Eng, and K. Busch; Second harmonic gen-
eration from metal nano-particle resonators: Numerical 
analysis on the basis of the hydrodynamic Drude model; 
J. Phys. Chem. C 

HOB: W. Hua, S. Oesterling, J. D. Biggs, Y. Zhang, H. 
Ando, R. d. Vivie-Riedle, B. P. Fingerhut, and S. Muka-
mel; Monitoring conical intersections in the ring opening 
of furan by attosecond stimulated X-ray Raman spec-
troscopy; Struct. Dyn.

HPG: P. Hessing, B. Pfau, E. Guehrs, M. Schneider, L. 
Shemilt, J. Geilhufe, and S. Eisebitt; Holography-guided 
ptychography with soft X-rays; Opt. Express

KCO: M. Kalashnikov, H. Cao, K. Osvay, and V. Chvy-
kov; Polarization-encoded chirped pulse amplification 
in Ti:sapphire: A way toward few-cycle petawatt lasers; 
Opt. Lett.

KPU: K. Kato, V. Petrov, and N. Umemura; Phase-
matching properties of GaS0.4Se0.6 for type-2 DFG in the 
100.4 - 1030.6 µm range, SPIE Proc.

LAn: Z. Lécz and A. Andreev; Attospiral generation upon 
interaction of circularly polarized intense laser pulses 
with conelike targets; Phys. Rev. E 

LSM: P. A. Loiko, J. M. Serres, X. Mateos, M. P. 
Demesh, A. S. Yasukevich, K. V. Yumashev, V. Petrov, 
U. Griebner, M. Aguiló, and F. Díaz; Spectroscopic and 
laser characterization of Yb,Tm:KLu(WO4)2 crystal; Opt. 
Mater.

MAF: F. Mollica, L. Antonelli, A. Flacco, J. Braenzel, 
B. Vauzour, G. Folpini, G. Birindelli, M. Schnuerer, D. 
Batani, and V. Malka; Efficient laser production of en-
ergetic neutral beams; Plasma Phys. Control. Fusion 
PPCF-100764.R1 

Mil: D. B. Milošević; Few-cycle-laser-pulse induced and 
assisted processes in atoms, molecules, and nanostruc-
tures; in Ultrafast Dynamics Driven by Intense Light 
Pulses (Springer Series on Atomic, Optical, and Plasma 
Physics)

SAM: B. Schütte, M. Arbeiter, A. Mermillod-Blondin, M. 
J. J. Vrakking, A. Rouzée, and T. Fennel; Ionization ava-
lanching in clusters ignited by extreme-ultraviolet driven 
seed electrons; Phys. Rev. Lett.

SAn: A. Sharma and A. Andreev; Laser driven proton 
acceleration from near critical density plasma; Laser 
Part. Beams 

SJL: J. M. Serres, V. Jambunathan, P. Loiko, X. Mateos, 
H. Yu, H. Zhang, J. Liu, A. Lucianetti, T. Mocek, K. Yu-
mashev, U. Griebner, V. Petrov, M. Aguiló, and F. Díaz; 
Microchip laser operation of Yb-doped gallium garnets; 
Opt. Mater. Express

SLMa: J. M. Serres, P. Loiko, X. Mateos, V. Jambuna-
than, K. Yumashev, U. Griebner, V. Petrov, M. Aguiló, 
and F. Díaz; Q-switching of Tm,Ho:KLu(WO4)2 microchip 
laser by a graphene-based saturable absorber; Laser 
Phys. Lett.

SLMb: J. M. Serres, P. Loiko, X. Mateos, H. Yu, H. 
Zhang, J. Liu, K. Yumashev, U. Griebner, V. Petrov, M. 
Aquiló, and F. Díaz; Q-switching of Yb:YGG, Yb:LuGG, 
and Yb:CNGG lasers by a graphene saturable absorb-
er; Opt. Quant. Electron.

SRW: K. Shinokita, K. Reimann, M. Woerner, T. El-
saesser, R. Hey, and C. Flytzanis; Strong amplification 
of coherent acoustic phonons by intra-miniband cur-
rents in a semiconductor superlattice; Phys. Rev. Lett. 

SSS: M. P. Schneider, T. Sproll, C. Stawiarski, P. Schmit-
teckert, and K. Busch; Green’s function formalism for 
waveguide-QED applications; Phys. Rev. A 

TBB: A. Treffer, J. Brunne, M. Bock, S. Koenig, U. Wall-
rabe, and R. Grunwald; Adaptive non-collinear autocor-
relation of few-cycle pulses with an angular tunable bi-
mirror; Appl. Phys. Lett. 

TBS: S. Ter-Avetisyan, J. Braenzel, M. Schnuerer, R. 
Prasad, M. Borghesi, S. Jequier, and V. Tikhonchuk; 
New source of MeV negative ion and neutral atom 
beams; Rev. Sci. Instrum.

TNA: P. Trabs, F. Noack, A. S. Aleksandrovsky, A. I. 
Zaitsev, and V. Petrov; Generation of coherent radiation 
in the vacuum ultraviolet using randomly quasi-phase-
matched strontium tetraborate; Opt. Lett.

WIB: J. F. M. Werra, F. Intravaia, and K. Busch; TE-Res-
onance in graphene-dielectric structures; J. Opt. 
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WKB: J. F. M. Werra, P. Krüger, K. Busch, and F. In-
travaia; Determining graphene’s induced bandgap with 
magnetic and electric emitters; Phys. Rev. B 

WXX: Y. Wang, G. Xie, X. Xu, J. Di, Z. Qin, S. Suoma-
lainen, M. Guina, A. Härkönen, A. Agnesi, U. Griebner, 
X. Mateos, P. Loiko, and V. Petrov; SESAM mode-
locked Tm:CALGO laser at 2 µm; Opt. Mater. Express

WZJ: J. Weisshaupt, F. Zamponi, V. Juvé, M. Holtz, M. 
Woerner, and T. Elsaesser; Femtosecond X-ray diffrac-
tion: Laser-driven hard X-ray plasma sources and meth-
ods for analyzing spatio-temporal charge dynamics in 
crystals; in Tabletop Intense Femtosecond Pulse Sourc-
es and Their Applications, A. Baltuška and G. Cerullo 
eds. (Springer, Heidelberg) 

 
submitted

BHK: J. Bonse, S. Höhm, R. Koter, M. Hartelt, D. Spalt-
mann, S. Pentzien, A. Rosenfeld, and J. Krüger; Tribo-
logical performance of sub-100-nm femtosecond laser-
induced periodic surface structures on titanium; Appl. 
Surf. Sci. 

BMi: W. Becker and D. B. Milošević; Unified description 
of low-order above-threshold ionization on and off axis; 
IOP Conference Proceedings 

CAS: D. Casas, A. Andreev, M. Schnürer, M. Barriga-
Carrasco, R. Morales, and L. González-Gallego; Stop-
ping power of a heterogeneous warm dense matter; 
Laser Part. Beams 

DAM: S. K. Das, A. Andreev, H. Messaoudi, J. Braenzel, 
M. Schnuerer, and R. Grunwald; Highly periodic laser-
induced nanostructures on thin Ti and Cu foils for poten-
tial application in laser ion acceleration; J. Appl. Phys. 

GHB: M. Grehn, M. Höfner, J. Bonse, T. Seuthe, C.  
Theiss, A. Mermillod-Blondin, A. Rosenfeld, M. Eber-
stein, and H. Eichler; Thermodynamic aspects for laser 
modification and ablation of silicate glass systems; Mat. 
Express 

HBM: E. Hasović, W. Becker, and D. B. Milošević; Elec-
tron rescattering in a bicircular laser field; Phys. Rev. A 

HHR: S. Höhm, M. Herzlieb, A. Rosenfeld, J. Krüger, 
and J. Bonse; Dynamics of the formation of laser-in-
duced periodic surface structures (LIPSS) upon fem-
tosecond two-color double-pulse irradiation of metals, 
semiconductors, and dielectrics; Appl. Surf. Sci. 

JTN: R. Jung, J. Tümmler, T. Nubbemeyer, and I. Will; 
Thin-disk ring amplifier for high pulse energy; Opt. Ex-
press 

JTW: R. Jung, J. Tümmler, and I. Will; Regenerative 
thin-disk amplifier for 300 mJ pulse energy; Opt. Ex-
press 

KBG: S. A. Kelvich, W. Becker, and S. P. Goreslavski; 
Coulomb focusing and defocusing in above-threshold 
ionization spectra produced by strong mid-IR laser puls-
es; Phys. Rev A 

KRH: G. Kewes, R. Rodriguez-Oliveros, K. Höfner, A. 
Kuhlicke, O. Benson, and K. Busch; Threshold limita-
tions of the SPASER; Phys. Rev. Lett. 

MHD: C. A. Mancuso, D. D. Hickstei, K. M. Dorney, J. 
L. Ellis, E. Hasović , R. Knut, P. Grychtol, C. Gentry, M. 
Gopalakrishnan, D. Zusin, F. J. Dollar, X.-M. Tong, D. 
Milošević, W. Becker, H. C. Kapteyn, and M. M. Mur-
nane; Controlling electron-ion rescattering in two-color 
circularly polarized femtosecond laser fields; Phys. 
Rev. A 

OHB: S. Odžak, E. Hasović, W. Becker, and D. B. 
Milošević; Atomic processes in bicircular fields; IOP 
Conference Proceedings 

PKS: T. Pfadler, T. Kiel, M. Stärk, J. F. M. Werra, C. Ma-
tyssek, J. Boneneberg, K. Busch, J. Weickert, and L. 
Schmidt-Mende; Structure-induced resonant tail-state 
absorption in polymer: Fullerene bulk-heterojunction so-
lar cells; Phys. Rev. B 

SMS: M. P. Schneider, C. Martens, T. Sproll, and K. 
Busch; Decay properties of an atom coupled to a disor-
dered waveguide; Phys. Rev. Lett. 

WXC: Y. L. Wang, S. P. Xu, Y. J. Chen, H. P. Kang, X. 
Y. Lai, W. Quan, X. J. Liu, X. L. Hao, W. D. Li, S. L. Hu, 
J. Chen, W. Becker, W. Chu, J. Yao, B. Zeng, Y. Cheng, 
and Z. Z. Xu; Wavelength scaling of atomic nonsequen-
tial double ionization in intense laser fields; Phys. Rev. 
Lett. 

 
 
General Publications

AAB15: M. Arndt, M. Aspelmeyer, M. Bayer, G. Berg, T. 
Calarco, H. Fuchs, E. Giacobino, M. Grassl, P. Hänggi, 
W. Heckl, I. V. Hertel et. al.; Perspektiven der Quan-
tentechnologien; in Schriftenreihe zur wissenschafts-
basierten Politikberatung, Nationale Akademie der Wis-
senschaften Leopoldina, Deutsche Akademie der Tech-
nikwissenschaften, Union der Deutschen Akademien 
der Wissenschaften eds. (2015) 59

WBF15a: E. Winter, G. Berg, B. Filtzinger, I. Hertel, F. 
Neußer, K. Reiss, P. Rösner, and A. Schnöring; Zehn 
Thesen und Forderungen zur MINT-Lehramtsausbil-
dung; Empfehlungen des Nationalen MINT Forums  
(Nr. 1), Nationales MINT Forum ed. (2015) 19 pages

WBF15b: E. Winter, M. Baer, G. Berg, B. Filtzinger, M. 
Fritz, I. Hertel, A. Krieg, J. Langlet, F. Neußer, and K. Re-
iss; Thesen zu einer zeitgemäßen Fortbildung und Per-
sonalentwicklung von Lehrerinnen und Lehrern in den 
MINT-Fächern; Empfehlungen des Nationalen MINT 
Forums (Nr. 4), Nationales MINT Forum ed. (2015)  
25 pages
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Master, Diploma, and PhD theses

Master theses

Gia15: A. Gianfrate; Study of Tm-doped fluorides as 
high gain materials around 2 µm (Supervisor: U. Grieb-
ner and M. Tonelli), University of Pisa, Italy, 2015-05

Mil15: K. Mildner-Spindler; Optische Fluoreszenzlicht-
spektroskopie von Helium nach Wechselwirkung mit 
starken Laserfeldern (Supervisor: U. Eichmann and  
T. Elsaesser), Humboldt-Universität zu Berlin, 2015-07

Pat15: C. Patzek; Entwicklung und Anwendung eines 
Messplatzes zur räumlichen und zeitlichen Strahlfor-
mung eines Femtosekunden-Titan-Saphir-Lasers und 
zur Oberflächen-Materialbearbeitung (Supervisor: R. 
Grunwald), Technische Hochschule Wildau, 2015-04

Tre15: A. Treffer; Adaptive nicht-kollineare Autokorrela-
tion von nicht-diffraktiven ultrakurzen Laserpulsen mit 
MEMS-axicons (Supervisor: R. Grunwald), Technische 
Hochschule Wildau, 2015-06

 
Diploma theses

Moh15: R. Mohrhardt; Untersuchung der Streueigen-
schaften einzelner Photonen am gebundenen Atom-
Photon-Zustand in eindimensionalen Wellenleitern 
(Supervisor: K. Busch), Humboldt-Universität zu Berlin, 
2015-03

 
PhD theses

Abi15: F. Abicht; Ultrafast field dynamics in laser ion ac-
celeration (Supervisor: W. Sandner), Technische Uni-
versität Berlin, 2015-07

Bir15: S. Birkner; Strong-field ionization of atoms and 
molecules: Electron-ion coincidence measurements at 
high repetition rate (Supervisor: M. J. J. Vrakking), Freie 
Universität Berlin, 2015-11

Buc15: F. Buchner; Time-resolved photoelectron spec-
troscopy of DNA molecules solution (Supervisor: M. J. J. 
Vrakking), Freie Universität Berlin, 2015-05

Eck15: M. Eckstein; Investigation of ultrafast electronic 
and nuclear dynamics in Molecular nitrogen using an 
XUV time Delay compensating monochromator (Su-
pervisor: M. J. J. Vrakking), Freie Universität Berlin, 
2015-10

Fri15: S. Friede; Physik elementarer optischer Anre-
gungen in Hybridsystemen (Supervisor: T. Elsaesser), 
Humboldt-Universität zu Berlin, 2015-12

Mar15: C. Martens; Wellenleiterquantenelektrodynamik 
mit Mehrniveausystemen (Supervisor: K. Busch), Hum-
boldt-Universität zu Berlin, 2015-12

Sch15a: A. Schmidt; Carbon nanostructures for femto-
second mode-locked lasers in the 1.0 to 2.1 micrometer 
wavelength range (Supervisor: T. Elsaesser), Humboldt-
Universität zu Berlin, 2015-11

Sch15b: M. Schneider; Quantenelektrodynamik mit 
Anderson-lokalisierten Moden (Supervisor: K. Busch), 
Humboldt-Universität zu Berlin, 2015-12

Tor15: L. Torlina; The analytical R-matrix approach to 
strong-field dynamics (Supervisor: O. Smirnova and  
A. Knorr), Technische Universität Berlin, 2015-12

Tra15: P. Trabs; Generation and utilization of femtosec-
ond light pulses in the vacuum-ultraviolet spectral re-
gime (Supervisor: M. J. J. Vrakking), Freie Universität 
Berlin, 2015-10

Vel15: A. v. Veltheim; Noble gas dimers in strong laser 
fields (Supervisor: W. Sandner), Technische Universität 
Berlin, 2015-02
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Invited talks at conferences

A. A. Andreev; Int. Laser Plasma Acceleration Workshop 
(Guadeloupe, France, 2015-05): Relativistic nano-plas-
ma photonics

A. A. Andreev (as ELI-ALPS representative, Hungary); 
42nd EPS Conference on Plasma Physics (Lisboa, Por-
tugal, 2015-06): Relativistic laser nanoplasmonics

A. A. Andreev; Super Intense Laser-Atom Physics Con-
ference, SILAP 2015 (Bordeaux, France, 2015-09): Ef-
ficient generation of fast particles and X-ray radiation 
from nanostructured targets irradiated by ultra short, 
intense laser pulses

A. A. Andreev; III Int. School-seminar: Laser Photonics 
(St. Petersburg, Russia, 2015-10): Relativistic nano-
plasma photonics 

I. Babushkin; Int. Workshop “Nonlinear Photonics: The-
ory, Materials, Applications”, NPh’15 (St. Petersburg, 
Russia, 2015-06): What is the best pump waveform for 
THz generation in photoionized gas

W. Becker together with D. B. Milošević; 24th Int. Laser 
Physics Workshop, LPHYS’15 (Shanghai, China, 2015-
08): Unified description of low-order above-threshold 
ionization on and off axis

W. Becker together with S. Odžak, E. Hasović, and D. B. 
Milošević; 24th Int. Laser Physics Workshop, LPHYS’15  
(Shanghai, China, 2015-08): Atomic processes in bicir-
cular fields

W. Becker; Int. Workshop on Atomic Physics (MPI-PKS, 
Dresden, Germany, 2015-11): Bright circularly polarized 
harmonics generated by atoms in bicircular fields

W. Becker; Kick-off Meeting “Quantum Dynamics in 
Tailored Intense Fields”, QUTIF (Hannover, Germany, 
2015-11): Atomic processes in bicircular fields

K. Busch; SPIE Photonics West 2015, SPIE Conference 
Laser-based Micro- and Nanoprocessing IX (San Fran-
cisco, CA, USA, 2015-02): Theoretical and experimental 
considerations on threshold limitations of the spaser

K. Busch; SPIE - 10th Int. Conference on Metamateri-
als, Metamaterials X (Prague, Czech Republic, 2015-
04): Computing the optical properties of plasmonic na-
nostructures

K. Busch; 12th Int. Conference on Mathematics and 
Numerical Aspects of Wave Propagation, WAVES 2015 
(Karlsruhe, Germany, 2015-07): Modeling light propaga-
tion in nano-photonic systems (plenary talk)

K. Busch; 3rd Int. Conference on Correlation Effects in 
Radiation Fields, CERF 2015 (Rostock, Germany, 2015-
09): Few-photon transport in nano-photonic waveguid-
ing systems

K. Busch; Int. Conference on Scientific Computation 
and Differential Equations15, SciCADE 2015 (Potsdam, 
Germany, 2015-09): Maxwell’s equations and nano-
plasmonic systems: A user perspective

A. Dehlinger; SPIE Conference X-ray Lasers and Ap-
plications (San Diego, USA, 2015-08): 3D nanoscale 
imaging of biological samples with laboratory-based soft 
X-ray source

J. Durá Diez; 5th Int. Conference on Attosecond Phys-
ics, ATTO2015 (Sain-Sauveur, Québec, Canada, 2015-
07): Control of multiphoton XUV ionization of Ar by in-
tense NIR fields

U. Eichmann; Conference on Extremely High Intensity 
Laser Physics, ExHILP 2015 (Heidelberg, Germany, 
2015-07): Strong-field Kapitza-Dirac scattering of neu-
tral atoms

U. Eichmann together with H. Zimmermann; 24th Int. 
Laser Physics Workshop, LPHYS’15 (Shanghai, China, 
2015-08): Limits on Excitation of Atoms in Intense Fo-
cused Laser Fields

U. Eichmann; Workshop on Atomic and Molecular Phys-
ics, WAMP8 (Jurata, Poland, 2015-09): Atomic and 
bound electron dynamics in combined intense laser 
fields

U. Eichmann; 3rd ELI-ALPS User Workshop (Szeged, 
Hungary, 2015-11): Limits on excitation in strong laser 
fields

U. Eichmann; Int. Workshop on Atomic Physics (MPI-
PKS, Dresden, Germany, 2015-11): Atomic excitation in 
intense focused laser fields and its limits

S. Eisebitt; 2nd Conference in the Series “Ultrafast Mag-
netism Conference”, UMC-2015 (Nijmegen, The Neth-
erlands, 2015-10): Manipulating magnetization via spin 
transport effects in ultrafast optical demagnetization 

S. Eisebitt; Magnetics and Optics Research Int. Sympo-
sium 2015, MORIS2015 (Penang, Malaysia, 2015-11): 
Ultrafast spin dynamics observed by pump-probe holo-
graphic X-ray imaging

M. Ekimova; HZB-BESSY II User Meeting (Berlin, Ger-
many, 2015-12): A liquid flatjet system for solution phase 
soft-X-ray spectroscopy

Appendix 2
External Talks, Teaching
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T. Elsaesser, From Pico to Femto, Workshop on Time-
Resolved Studies at BESSY II (HZB-BESSY II, Berlin, 
Germany, 2015-01): Ultrafast science - From terahertz 
to X-ray

T. Elsaesser; 4th Banff Meeting on Structural Dynam-
ics (Banff, Alberta, Canada, 2015-02): Charge dynamics 
in polar crystals mapped by femtosecond X-ray powder 
diffraction

T. Elsaesser; The Graduate Days 2015 (Centre of Ul-
trafast Imaging, Hamburg, Germany, 2015-03): Ultrafast 
phenomena in condensed matter systems (6 lectures)

T. Elsaesser; ECONOS 2015 (Leuven, Belgium, 2015-
04): Nonlinear terahertz spectroscopy of electron dy-
namics

T. Elsaesser; Sagamore XVIII, Conference on Charge, 
Spin and Momentum Densities (Santa Margherita di Pula, 
Italy, 2015-06): Transient charge density maps of ionic ma-
terials from femtosecond X-ray powder diffraction

T. Elsaesser; 3rd Int. Conference on Ultrafast Structural 
Dynamics (Zurich, Switzerland, 2015-06): Transient 
charge density maps of ionic crystals studied by femto-
second X-ray powder diffraction

T. Elsaesser; The Hamburg Conference on Femtochem-
istry, FEMTO12 (Hamburg, Germany, 2015-07): Hydra-
tion of phospholipids and the DNA backbone studied by 
femtosecond 2D infrared spectroscopy

T. Elsaesser; The Sino-German Symposium on Attosec-
ond Photonics 2015 (Shanghai, China, 2015-11): Ultra-
fast field-driven processes in solids studied by terahertz 
and X-ray techniques (plenary talk)

T. Elsaesser; EMN Hong Kong Meeting 2015: Energy, 
Materials, Nanotechnology (Hong Kong, China, 2015-
12): Nonlinear charge dynamics in solids induced by 
ultrashort electric field transients

F. Furch; OSA 2015 Int. Workshop on Compact EUV 
& X-ray Light Sources (Maastricht, The Netherlands, 
2015-10): Compact EUV sources for ultrafast molecular 
science

R. Grunwald; Northern Optics & Photonics (Lappeen-
ranta, Finland, 2015-06): Adaptive structuring and de-
tection of ultrashort wavepackets

M. Hempel together with J. W. Tomm; Int. Conference on 
High Power Diode Lasers & Systems (Ricoh Arena, Cov-
entry, UK, 2015-10): Failure mechanisms in high power 
diode lasers: Wide -vs- narrow band gap materials

A. Husakou; Int. Workshop “Nonlinear Photonics: The-
ory, Materials, Applications”, NPh’15 (St. Petersburg, 
Russia, 2015-06): High-intensity photoionized plasma 
and plasmonics in fused silica

F. Intravaia; Workshop on Strongly Couple Field Theo-
ries for Condensed Matter and Quantum Information 
(Natal, Brazil, 2015-08): Fluctuation-induced interac-
tions in atomic systems

M. Ivanov; Workshop on Control of Ultrafast Quantum 
Phenomena (Nordic Institute for Theoretical Physics, 
Stockholm, Sweden, 2015-05): New effects in high har-
monic generation in atoms and dielectrics

M. Ivanov; 46th Annual DAMOP Meeting (Columbus, 
OH, USA, 2015-06): High harmonic generation in pe-
riodic systems

M. Ivanov; 3rd Int. Conference on Quantum Technolo-
gies, ICQT 2015 (Moscow, Russia, 2015-07): High har-
monic generation in strong laser fields: New questions 
and ideas

M. Ivanov; 3rd Int. Conference on Correlation Effects 
in Radiation Fields, CERF 2015 (Rostock, Germany, 
2015-09): High harmonic generation on strong laser 
fields: New questions and ideas

M. P. Kalashnikov together with A. V. Paterova, S. P. 
Kulik, and L. A. Krivitsky; 24th Int. Laser Physics Work-
shop, LPHYS’15 (Shanghai, China, 2015-08): Infrared 
spectroscopy with visible light

M. P. Kalashnikov (as ELI-ALPS representative); 3rd 
ELI-ALPS User Workshop (Szeged, Hungary, 2015-11): 
Lasers of ELI-ALPS

A. Lübke together with F. Buchner and H.-H. Ritze; 
BESSY II THz to Soft X-ray Workshop (Berlin, Germany, 
2015-12): Time-resolved photoelectron study of excited 
state dynamics in solution

X. Mateos together with J. M. Serres, P. Loiko, K. Yu-
mashev, V. Petrov, U. Griebner, M. Aquiló, and F. Díaz; 
CLEO Europe (Munich, Germany, 2015-06): Monoclinic 
double tungstate microchip lasers at 1 and 2 µm

X. Mateos together with J. M. Serres, P. Loiko, K. Yuma-
shev, V. Petrov, U. Griebner, M. Aguiló, and F. Díaz; Int. 
Conference on Advanced Laser Technologies, ALT’2015 
(Faro, Portugal, 2015-09): Q-switched microchip lasers 
at 2 µm

E. T. J. Nibbering together with M. Prémont-Schwarz, 
S. Schreck, M. Ekimova, W. Quevedo, B. T. Psciuk, B. 
Koeppe, S. Keinan, D. Xiao, V. S. Batista, M. Iannuzzi, 
M. Odelius, and P. Wernet; From Pico to Femto, Work-
shop on Time-Resolved Studies at BESSY II (HZB-
BESSY II, Berlin, Germany, 2015-01): Transient acid-
base hydrogen bond structure: Probing with IR and with 
soft-X-ray pulses

V. Petrov; The 11th Conference on Lasers and Electro-
Optics Pacific Rim, CLEO-PR 2015 (Busan, South Ko-
rea, 2015-08): Progress in 1-µm pumped mid-IR opti-
cal parametric oscillators based on non-oxide nonlinear 
crystals

K. Reimann together with G. Folpini, D. Morrill, C. Som-
ma, M. Woerner, T. Elsaesser, and K. Biermann; Int. 
Workshop “Nonlinear Photonics: Theory, Materials, Ap-
plications” (St. Petersburg, Russia, 2015-06): Coherent 
control of intersubband excitations by a nonresonant 
THz pulse
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H. R. Reiss; 24th Int. Laser Physics Workshop, 
LPHYS’15 (Shanghai, China, 2015-08): Strong-field ap-
proximation for propagating fields

H. R. Reiss; 24th Int. Laser Physics Workshop, 
LPHYS’15, Symposium: Extreme Light Technologies, 
Science, and Applications (Shanghai, China, 2015-08): 
Strong-field effects in cosmology

G. Reitsma; COST/XLIC WG2 Expert Meeting “Energet-
ic Processing of Large Interstellar Molecules” (Leiden, 
The Netherlands, 2015-05): De-excitation dynamics of 
(superhydrogenated) polycyclic aromatic hydrocarbon 
molecules

A. Rouzée; The Hamburg Conference on Femtochemis-
try, FEMTO12 (Hamburg, Germany, 2015-07): Clusters 
in strong NIR and XUV laser pulses

A. Rouzée; Int. Workshop on Atomic Physics (Dresden, 
Germany, 2015-11): Correlated electronic decay in ex-
panding clusters

M. Schnürer; Frontiers in Optics (San Diego, CA, USA, 
2015-10): The impact of temporal and spatial scales in 
laser driven relativistic fields on ion acceleration

C. P. Schulz; Seminar (Max-Planck-Institut für Kern-
physik, Heidelberg, Germany, 2015-12): Strong-field 
ionization with few cycle laser pulses: OPCPA meets 
reaction-microscope

B. Schütte; XXIX Int. Conference on Photonic, Elec-
tronic and Atomic Collisions, ICPEAC 2015 (Toledo, 
Spain, 2015-07): Intracluster Coloumbic decay following 
intense NIR ionization of clusters

B. Schütte; Int. Workshop on Atomic Physics (Dresden, 
Germany, 2015-11): Controlling ionization avalanching 
in clusters using XUV-driven seed electrons for ignition

T. Siebert; EMN Meeting on Ultrafast Research (Las Ve-
gas, NV, USA, 2015-11): A 2D-IR photon echo study of ul-
trafast interfacial dynamics at the surface of hydrated DNA

T. Siebert; EMN Meeting on DNA & RNA (Istanbul, Tur-
key, 2015-11): Ultrafast interfacial dynamics of the hy-
drated DNA backbone

O. Smirnova; School on New Computational Methods 
for Attosecond Molecular Processes (Zaragoza, Spain, 
2015-03): Tutorial on strong-field physics, Numerical so-
lution of the time dependent Schrödinger equation for 
a single active electron in the presence of strong ultra-
short laser pulses; calculation of various observables

O. Smirnova; Workshop of Control of Ultrafast Quantum 
Phenomena (Nordic Institute for Theoretical Physics, 
Stockholm, Sweden, 2015-05): Attosecond dynamics in 
chiral laser fields

O. Smirnova; 5th Int. Conference on Attosecond Phys-
ics, ATTO2015 (Saint-Sauveur, Québec, Canada, 2015-
07): Time-resolving attosecond chiral dynamics in mol-
ecules with high harmonic spectroscopy

O. Smirnova; 3rd Int. Conference on Quantum Technol-
ogies, ICQT 2015 (Moscow, Russia, 2015-07): Attosec-
ond spectroscopy: From measuring ionization times to 
time-resolving chiral response

O. Smirnova; Int. Symposium on (e,2e), Double Photo-
ionization and Related Topics and the 18th Int. Sym-
posium on Polarization and Correlation in Electronic 
and Atomic Collisions, ICPEAC Satellites 2015 (San 
Sebastián, Spain, 2015-07): Attosecond spectroscopy: 
From measuring ionization times to time-resolving chiral 
response

O. Smirnova; Int. Chemical Congress of Pacific Basin 
Societies, PAC CHEM™ (Honolulu, Hawaii, USA, 2015-
12): Probing molecular chirality on sub-femtosecond 
time scale

O. Smirnova; Int. Symposium on Ultrafast Intense Laser 
Science, ISUILS14 (Kauai, Hawaii, USA, 2015-12): Op-
portunities for chiral discrimination using HHG in tailored 
fields

G. Steinmeyer; Annual Danish-Californian Workshop on 
Photonics (Los Angeles, CA, USA, 2015-03): Nonlinear 
correlation analysis in rogue wave data

G. Steinmeyer together with Y. Song and M. Hu; 1st 
URSI Atlantic Radio Science Conference, UFSI AT-
RASC 2015 (Maspalomas, Gran Canaria, Spain, 2015-
05): Characterization of flicker noise contributions to 
the carrier-envelope phase stabilization of femtosecond 
lasers

G. Steinmeyer; Applied Inverse Problems 2015 (Helsin-
ki, Finland, 2015-05): Deconvolution and decorrelation 
problems in the physics of femtosecond lasers

G. Steinmeyer; Int. Workshop “Nonlinear Photonics: 
Theory, Materials, Applications”, NPh’15 (St. Peters-
burg, Russia, 2015-06): On the predictability and deter-
minism of rogue events

G. Steinmeyer; The 36th PIERS (Prague, Czech Re-
public, 2015-07): Non-instantaneous polarization decay 
in resonant dielectrics

G. Steinmeyer; Workshop on Recent Developments in 
Inverse Problems (Weierstrass Institute, Berlin, Ger-
many, 2015-09): Deconvolution and decorrelation prob-
lems in the physics of femtosecond lasers

G. Steinmeyer; 3rd Conference on Laser, Weather, and 
Climate (Geneva, Switzerland, 2015-09): On the origin 
of ocean rogue waves

G. Steinmeyer; 4th MULTIWAVE Workshop of the Eu-
ropean Research Council (ERC), Advanced Grant 
(University College Dublin, Ireland, 2015-09): Random 
walks across the sea: The origin of rogue waves?

G. Steinmeyer; Workshop on Waves, Solitons and Tur-
bulence in Optical Systems 2015 (Weierstrass Institute, 
Berlin, Germany, 2015-10): The origin of ocean rogue 
waves
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G. Steinmeyer; The Soliton Symposium: Nonlinear Sci-
ence with Light (Université de Franche-Comté, Besan-
çon, France, 2015-11): Solitons: Rogue or benign?

G. Steinmeyer; OPTIC 2015 - Annual Meeting of the Tai-
wan Photonics Society (National Tsing Hua University, 
Hsinchu, Taiwan, 2015-12): Rogue waves in optics and 
beyond

G. Steinmeyer; Int. Workshop on Emerging Areas in 
Photonics and Future Applications, IWEPFA-2015 (Cen-
tral Glass and Ceramic Research Institute, Kolkata, In-
dia, 2015-12): Hollow core fiber architectures of femto-
second pulse delivery and pulse compression

G. Steinmeyer; 6th Int. Conference on Computers and 
Devices for Communication, CODEC-15 (Kolkata, India, 
2015-12): The event horizon concept in nonlinear fiber 
optics

H. Stiel; ALPS Workshop 2015 (Warsaw, Poland, 2015-
07): Development and application of high brightness la-
ser plasma based X-ray sources for nanoscale imaging

J. W. Tomm together with M. Hempel und T. Elsaesser; 
VI Workshop on Physics and Technology of Semicon-
ductor Lasers (Kraków, Poland, 2015-10): Degradation 
mechanisms in interband and intersubband lasers

J. W. Tomm together with M. Hempel und T. Elsaesser; 
Laser Diodes for Space Applications (Palaiseau, France, 
2015-11): Sudden degradation of AlGaAs-based high-
power diode lasers: Analysis of bulk and facet failures

L. Torlina; 29th International Conference on Photonic, 
Electronic and Atomic Collisions, XXIX ICPEAC (Toledo, 
Spain, 2015-07): Interpreting attoclock measurements 
of tunneling times

M. J. J. Vrakking; Leibniz-Graduate School; Dynamics 
in New Light (Berlin, Germany, 2015-05): Strong-field 
photoelectron holography

M. J. J. Vrakking; Workshop on Compact Attosecond X-ray 
Sources and their Applications; CoAXSA (Hamburg, Ger-
many, 2015-07): Strong-field photoelectron holography

M. J. J. Vrakking; 3rd Int. Conference on Correlation 
Effects in Radiation Fields, CERF 2015 (Rostock, Ger-
many, 2015-09): Strong-field photoelectron holography

M. J. J. Vrakking; Reaction Dynamics Symposium - 
Commemorating IAMS 20th Anniversary (Taipeh, Tai-
wan, 2015-11): Strong-field photoelectron holography

M. J. J. Vrakking; Int. Conference on Extreme Light, 
ICEL (Bucharest, Rumania, 2015-11): Novel probes of 
ultrafast molecular dynamics

M. J. J. Vrakking; Int. Symposium on Ultrafast Intense 
Laser Science, ILSUILS (Kauai, Hawaii, USA, 2015-12): 
Photoelectron holography in strong dc and optical fields

M. Woerner; The 29th European Crystallographic Meet-
ing (Rovinj, Croatia, 2015-08): Femtosecond X-ray pow-
der diffraction

M. Woerner; Crystal & Graphene Science Symposium 
(Boston, MA, USA, 2015-09): Ultrafast nonlinear tera-
hertz spectroscopy on epitaxial multi-layer graphene

M. Woerner; New Trends and Faces III - Photophysics 
in Organic Materials (Stellenbosch, South Africa, 2015-
10): Ultrafast inter-ionic charge transfer of metal-organic 
complexes mapped by femtosecond X-ray powder dif-
fraction

Invited talks at seminars and colloquia

W. Becker; Kolloquium (Institute for Applied Phys-
ics and Computational Mathematics, Beijing, China, 
2015-03): Low-energy electrons in above-threshold 
ionization

W. Becker; Seminar (Department of Physics, Beijing 
University, Beijing, China, 2015-03): Low-energy elec-
trons in above-threshold ionization and the strong-field 
approximation

T. Bredtmann; Seminar (UC Irvine, CA, USA, 2015-02): 
X-ray imaging of chemically active valence electrons

T. Bredtmann; Seminar (Stanford University, CA, USA, 
2015-02): X-ray imaging of chemically active valence 
electrons

T. Bredtmann, Seminar (Leibniz Universität Hannover, 
Germany, 2015-11): Strong-field assisted XUV lasing in 
atoms and molecules

T. Bredtmann; Seminar (MPIPKS, Dresden, Germany, 
2015-11): Strong-field assisted XUV lasing in atoms and 
molecules

K. Busch; Kolloquium (Danish Technical Universit, DTU 
Fotonik, Lyngby, Denmark, 2015-04): Material models 
and computational methods in nano-plasmonics

K. Busch; Kolloquium (Universität Ulm, Germany, 2015-
07): Nano-photonics: From photonic crystals to nano-
plasmonics

T. Elsaesser; Salon Sophie Charlotte ‘Ins Licht gerückt’ 
(Berlin-Brandenburgische Akademie der Wissenschaf-
ten, Berlin, Germany, 2015-01): Bewegte Atome in neu-
em Licht

T. Elsaesser; Salon Sophie Charlotte ‚Ins Licht gerückt‘ 
(Berlin-Brandenburgische Akademie der Wissenschaf-
ten, Berlin, Germany, 2015-01): Laserlicht mit Taktge-
fühl - Gespräch mit Ursula Keller, ETH Zürich

T. Elsaesser; Vortrag (Urania, Berlin, Germany, 2015-
01): Der Blick auf die Bewegung der Atome: Ultra-
kurze Lichtimpulse zur Untersuchung elementarer 
Strukturen

T. Elsaesser; Physikalisches Kolloquium (Universität 
Duisburg, Germany, 2015-04): Raum-zeitliche Ultra-
kurzzeitdynamik von Elektronen in polaren Kristallen
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T. Elsaesser; Workshop of the Leibniz Graduate School 
‚Dynamics in New Light‘ (Berlin, Germany, 2015-05): 
Transient electron density maps of solids from femto-
second X-ray powder diffraction

T. Elsaesser; Adlershofer Forschungsforum (Humboldt-
Universität zu Berlin und IGAFA, Germany, 2015-12): 
Ultrashort pulses from terahertz to X-rays

B. P. Fingerhut; Seminar (Bologna, Italy, 2015-11): To-
wards the ab-initio modeling of multi-dimensional spec-
troscopic signals

F. Furch; Seminar (University Duisburg-Essen, Duis-
burg, Germany, 2015-11): Few-cycle pulses at high 
repetition rate and high average power for electron ion-
coincidence spectroscopy

U. Griebner; Kolloquium (Yerevan State University, Ye-
revan, Armenia, 2015-08): Millijoule picosecond pulses 
at kHz repetition rates from Ho-doped amplifiers operat-
ing around 2 µm

R. Grunwald together with A. Treffer, S. Koenig, M. Bock, 
J. Brunne, and U. Wallrabe; Seminar (IMTEK at Univer-
sity Freiburg, Germany, 2015-03): Adaptive self-recon-
struction and autocorrelation of ultrashort wavepackets 
with MEMS

M. Hempel together with J. W. Tomm and T. Elsaesser; 
Seminar (Ferdinand-Braun-Institut, Leibniz-Institut für 
Höchstfrequenztechnik, Berlin, Germany, 2015-01): 
Degradation studies at high-power diode lasers

I. V. Hertel; ProMint Kolleg der Humboldt-Universität zu 
Berlin (Berlin-Adlershof, Germany, 2015-03): Hinweise 
zur Anfertigung von Masterarbeiten, Dissertationen und 
Publikationen in Journalen

I. V. Hertel; jDPG bei der DPG-Frühjahrstagung (Tech-
nische Universität Berlin, Germany, 2015-03): Hinweise 
zur Anfertigung von Masterarbeiten, Dissertationen und 
Publikationen in Journalen

F. Intravaia; Seminar (Vienna, Austria, 2015-06): Equi-
librium and non-equilibrium fluctuation-induced interac-
tions in atomic systems

M. P. Kalashnikov; Seminar (Center for Ultrafast Opti-
cal Science, University of Michigan, Ann Arbor, MI, 
USA, 2015-07): Picosecond pedestals of recompressed 
Ti:sapphire CPA pulses

J. Mikosch; Seminar (Center for Free-Electron Laser Sci-
ence Hamburg, Germany, 2015-01): Channel-resolved 
above-threshold ionization in the molecular frame

J. Mikosch; Symposium (Basel, Switzerland, 2015-11): 
Imaging elementary chemical reactions

J. Mikosch; Seminar (Dresden, Germany, 2015-11): 
Dynamics of molecules in intense and attosecond laser 
fields

E. T. J. Nibbering; Seminar (Physikalisches Institut, Ge-
org-August-Universität Göttingen, Germany, 2015-03): 
Transient acid-base hydrogen bond structure: Probing 
with IR and with soft-X-ray pulses

E. T. J. Nibbering; PTC-Kolloquium (Julius-Maximilians-
Universität Würzburg, Germany, 2015-11): Photoacid-
base hydrogen bond structure: Probing with IR & soft-
X-ray pulses

E. T. J. Nibbering; Seminar (SLAC National Accelerator 
Laboratory, Stanford, CA, USA, 2015-12): Photoacid-
base hydrogen bond structure: Probing with IR & soft-
X-ray pulses

M. Richter together with B. P. Fingerhut; Arbeitsgrup-
penseminar Peter Saalfrank (University of Potsdam, 
Germany, 2015-01): Surface hopping from 1 to 45 nu-
clear degrees of freedom and back again

M. Schnürer; Seminar (Lawrence Berkeley National 
Laboratory, Berkeley, CA, USA, 2015-10): The impact 
of high and ultra-high temporal contrast in recent laser-
ion-acceleration

O. Smirnova; Kolloquium (Johann Wolfgang Goethe- 
Universität, Frankfurt, Germany, 2015-01): New effects 
in optical tunneling

O. Smirnova; Theorie-Kolloquium (Martin-Luther-Uni-
versität Halle-Wittenberg, Germany, 2015-10): Attosec-
ond spectroscopy: From measuring ionization times to 
time-resolving chiral response

G. Steinmeyer; Kolloquium (Universität Konstanz, Ger-
many, 2015-01): Quantum noise limitations of carrier-
envelope phase stabilization and frequency metrology

G. Steinmeyer; Seminar (University of California, Los 
Angeles, 2015-03): Noise in optical physics

G. Steinmeyer; 8th Int. Summer School ‘New Frontiers 
in Optical Technologies’ (Tampere, Finland, 2015-08): 
Measurement of amplitude and phase of ultrashort laser 
pulses

G. Steinmeyer; Int. Workshop on Emerging Areas in 
Photonics and Future Applications (Central Glass and 
Ceramic Research Institute, Kolkata, India, 2015-12): 
Review of linear and nonlinear processes in the fiber

G. Steinmeyer; National Seminar on Science and Tech-
nology for Indigenous Development in India (KIIT Uni-
versity, Bhubaneswar, India, 2015-12): Ocean rogue 
waves: Mystery resolved by analogous optical experi-
ments?

H. Stiel; Kolloquium (Advanced Photonics Research 
Institute, Gwangju, Korea, 2015-05): Development and 
application of coherent and incoherent laser based X-
ray sources in spectroscopy and imaging
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H. Stiel; Kolloquium (Department of Physics and Photon 
Science, Gwangju Institute of Science and Technology 
(GIST), Gwangju, Korea, 2015-10): X-ray diffraction, 
spectroscopy and imaging using laser based X-ray 
sources 

M. J. J. Vrakking; Kolloquium (Karlsruhe, Germany, 
2015-02): Attosecond time-resolved molecular dynam-
ics

M. J. J. Vrakking; Kolloquium (Universität Freiburg; Ger-
many, 2015-06): Strong-field photoelectron holography

Academic teaching

K. Busch; Vorlesung, 2 SWS (Humboldt-Universität zu 
Berlin, WS 2014/15): Ausg. Kap. d. theor. Physik: Fluk-
tuationsinduzierte Phänomene

K. Busch; Vorlesung, 4 SWS (Humboldt-Universität zu 
Berlin, SS 2015): Theoretische Physik I: Klassische Me-
chanik und spezielle Relativitätstheorie

K. Busch; Vorlesung, 4 SWS (Humboldt-Universität zu 
Berlin, WS 2015/16): Theoretische Physik II: Elektrody-
namik

K. Busch and F. Intravaia; Übung, 1 SWS (Humboldt-
Universität zu Berlin, WS 2014/15): Ausg. Kap. d. The-
roetischen Physik: Fluktuationsinduzierte Phänomene

K. Busch und Kollegen; Übung, 2 SWS (Humboldt-
Universität zu Berlin, SS 2015): Theoretische Physik I: 
Klassische Mechanik und spezielle Relativitätstheorie

K. Busch und Kollegen; Übung, 2 SWS (Humboldt-Uni-
versität zu Berlin, WS 2015/16): Theoretische Physik II: 
Elektrodynamik

U. Eichmann together with O. Dopfer; Vorlesung und 
Übung, 4 SWS (TU Berlin, Institut für Optik und Atomare 
Physik, WS15/16): Quantensysteme I

S. Eisebitt together with B. Kanngießer and T. Möller; 
Vorlesung, 2 SWS (TU Berlin, Institut für Optik und Ato-
mare Physik, WS15/16): Röntgenphysik I

T. Elsaesser; Vorlesung, 2 SWS (Humboldt-Universität 
zu Berlin, WS 2015/16): Laserphysik

T. Elsaesser; Vorlesung, 2 SWS (Humboldt-Universität 
zu Berlin, WS 2014/15): Laserphysik

T. Elsaesser; Vorlesung, 2 SWS (Humboldt-Universität 
zu Berlin, SS 2015): Kurzzeitspektroskopie II - Physik 
ultraschneller Prozesse

I. V. Hertel; Forschungspraktikum mit Seminar, 4 Std. 
(Humboldt-Universität zu Berlin, WS 2014/15): Moderne 
Physik und Schule - für MINT Lehramtskandidaten

I. V. Hertel; Forschungspraktikum mit Seminar, 4 Std.  
(Humboldt-Universität zu Berlin, SS 2015): Moderne 
Physik und Schule - für MINT Lehramtskandidaten

F. Intravaia; Vorlesung, 2 SWS (Humboldt-Universität zu 
Berlin, SS 2015): Fluktuations-induzierte Phänomene

F. Intravaia; Übung, 1 SWS (Humboldt-Universität zu 
Berlin, SS 2015): Fluktuationsinduzierte Phänomene

M. Ivanov; Vorlesung, 2 SWS (Humboldt-Universität zu 
Berlin, SS 2015): Nichtlineare Optik

M. Ivanov; Übung, 3 SWS (Humboldt-Universität zu 
Berlin, SS 2015): Nichtlineare Optik

M. Ivanov; Vorlesung, 2 SWS (Humboldt-Universität zu 
Berlin, WS 2015/16): Quantum dynamics in strong laser 
fields

O. Kornilov; Vorlesung, 2 SWS (Freie Universität Berlin, 
SS 2015): Modern experiments in attosecond physics

O. Kornilov; Übung, 2 SWS (Freie Universität Berlin, SS 
2015): Modern experiments in attosecond physics

V. Petrov; Lecturer (Ecole de Physique des Houches, 
France, Int. School on Parametric Nonlinear Optics 
2015): Parametric down conversion in non-oxide mid-IR 
crystals

T. Siebert; Seminar, 2 SWS (Freie Universität Berlin, 
WS 2015/16): The fundamental optics of modern lasers 
and their applications

M. J. J. Vrakking; Vorlesung, 2 SWS (Freie Universität 
Berlin, WS 2014/15): Ultrafast Laserphysics

M. J. J. Vrakking; Übung, 2 SWS (Freie Universität Ber-
lin, WS 2014/15): Ultrafast Laserphysics

M. J. J. Vrakking; Vorlesung, 2 SWS (Freie Universität 
Berlin, WS 2015/16): Ultrafast Laserphysics

M. J. J. Vrakking; Übung, 2 SWS (Freie Universität Ber-
lin, WS 2015/16): Ultrafast Laserphysics

M. Woerner; Übung, 1 SWS (Humboldt-Universität zu 
Berlin, WS 2014/15): Laserphysik

M. Woerner; Übung, 1 SWS (Humboldt-Universität zu 
Berlin, WS 2015/16): Laserphysik
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Master theses

L. Drescher; XUV transient absorption spectroscopy of 
photochemical reactions (Supervisor: J. Mikosch), Freie 
Universität Berlin

F. K. Freyse; An electrostatic ion beam trap for struc-
tural imaging of transition state dynamics (Supervisor: J. 
Mikosch), Freie Universität Berlin

M. Herzlieb; Erzeugung und Charakterisierung von pe-
riodischen Oberflächenstrukturen mittels Femtosekun-
den-Doppelpulsen zweier verschiedener Wellenlängen 
(Supervisor: A. Rosenfeld), Technische Hochschule 
Wildau

J. Lebendig; Optimized sample preparation for near 
edge X-ray absorption fine structure spectroscopy in 
transmission mode (Supervisor: B. Kanngießer and H. 
Stiel), Technische Universität Berlin

S. Marschner; Erzeugung, Kontrolle und Charakte-
risierung der Entstehung großflächiger periodischer 
Oberflächenstrukturen im Nanometerbereich für tribolo-
gische Anwendungen (Supervisor: A. Rosenfeld), Tech-
nische Hochschule Wildau

S. Meise; Untersuchung angeregter neutraler Frag-
mente nach Starkfeld-Dissoziation kleiner Moleküle 
(Supervisor: U. Eichmann and T. Elsaesser), Humboldt-
Universität zu Berlin

D. Reiche; Eddy-currents and the magnetic Casimir-
Polder interaction (Supervisor: K. Busch), Humboldt-
Universität zu Berlin

A. Santagostino; Investigation of Ti:sapphire laser 
pumped Tm:YAG laser ceramics with different doping 
level in the CW regime (Supervisor: V. Petrov), Univer-
sity of Pavia, Italy

P. Weber; Generation of ultrashort soft X-ray pulses 
by two-color high harmonic generation (Supervisor: A. 
Rouzée and M. J. J. Vrakking), Freie Universität Berlin

 
 
 
PhD theses

F. Bach; Erzeugung von hoch repetierenden (>100 Khz) 
ultrakurzen Lichtimpulsen im nahen- und mittleren In-
frarot, durch parametrische Verstärkung gechirpter Im-
pulse (Supervisor: M. J. J. Vrakking), Freie Universität 
Berlin

M. Baggash; Real-time tracking of atomic electron dy-
namics (Supervisor: W. Sandner), Technische Univer-
sität Berlin

S. Birkholz; Untersuchungen nichtlinearer optischer Ef-
fekte hoher Ordnung (Supervisor: T. Elsaesser), Hum-
boldt-Universität zu Berlin

D. Brambila; Understanding and control of chemical re-
activity, based on the excitation of non-equilibrium elec-
tron dynamics (Supervisor: O. Smirnova and A. Knorr), 
Technische Universität Berlin

J. Bränzel; Plasma dynamics governed by radiation 
pressure and the transition to the electron blow out re-
gime (Supervisor: W. Sandner and S. Eisebitt), Tech-
nische Universität Berlin

F. Brauße; Core-shell molecular frame photoelectron 
angular distribution of photoexcited molecules (Supervi-
sor: A. Rouzée and M. J. J. Vrakking), Freie Universität 
Berlin

F. Dahms; Nichtlineare Schwingungsspektroskopie an 
biomolekularen Systemen (Supervisor: T. Elsaesser), 
Humboldt-Universität zu Berlin

S. Eilzer; Excitation and acceleration of atoms and mol-
ecules in tailored strong laser fields (Supervisor: U. Eich-
mann and W. Sandner), Technische Universität Berlin

M. Floegel; Attosekunden Pump-Probe Spektroskopie 
mit intensiven Attosekundenpulsen (Supervisor: M. J. J. 
Vrakking), Freie Universität Berlin

M. Fohler; Kohärente Röntgenstreuung und Holografie 
(Supervisor: S. Eisebitt), Technische Universität Berlin

G. Folpini; Nonlinear THz spectroscopy (Supervisor: T. 
Elsaesser), Humboldt-Universität zu Berlin

M. Galbraith; Attosecond multielectron dynamics in mol-
ecules (Supervisor: M. J. J. Vrakking), Freie Universität 
Berlin

A. Giree; High repetition rate optical parametric chirped-
pulse amplification (Supervisor: M. J. J. Vrakking and 
co-supervisor: Amplitude Technologies), Freie Univer-
sität Berlin

L. v. Grafenstein; Erzeugung und Anwendung intensiver 
ultrakurzer Lichtimpulse im mittleren Infrarot (Supervi-
sor: T. Elsaesser), Humboldt-Universität zu Berlin

Appendix 3

Ongoing Master, Diploma, and PhD theses
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A. S. Hernández; Femtosekunden-Röntgenbeugung an 
ionischen Materialien (Supervisor: T. Elsaesser), Hum-
boldt-Universität zu Berlin

P. Hessing;  Ptychography mit weichen Röntgenstrahlen 
(Supervisor: S. Eisebitt), Technische Universität Berlin

M. Holtz; Ultrakurzzeit-Röntgenbeugung an ionischen 
Festkörpern (Supervisor: T. Elsaesser), Humboldt-Uni-
versität zu Berlin

J. Hummert; Time-resolved photoelectron spectroscopy 
on solvated chromophores (Supervisor: O. Kornilov and 
M. J. J. Vrakking), Freie Universität Berlin

J. Hyyti; Investigation of pulse measurement schemes 
for coherence characterization and spectroscopic ap-
plications at the few-cycle scale (Supervisor: T. Elsaes-
ser), Humboldt-Universität zu Berlin

J. Kaushal; Attosecond multielectron dynamics in strong 
laser fields (Supervisor: O. Smirnova and A. Knorr), 
Technische Universität Berlin

J. Klei; Attosecond time-resolved molecular electron dy-
namics (Supervisor: M. J. J. Vrakking), Freie Universität 
Berlin

N. Khodakovskiy; Methods of ultrafast laser contrast di-
agnostics and optimization (Supervisor: M. Kalashnikov 
and M. J. J. Vrakking), Freie Universität Berlin

C. Koschitzki; Electron injection leading to stable 
beam parameter in staged laser wakefield acceleration 
schemes (Supervisor: A. Jankowiak), Humboldt-Univer-
sität zu Berlin

F. Krecinic; Ultrafast electron diffraction techniques (Su-
pervisor: A. Rouzée and M. J. J. Vrakking), Freie Uni-
versität Berlin

Y. Liu; Two-dimensional vibrational spectroscopy of hy-
drated molecular systems (Supervisor: K. Rademann 
and T. Elsaesser), Humboldt-Universität zu Berlin

N. Monserud; Attosecond pump-probe spectroscopy 
of multielectron dynamics in molecules (Supervisor: A. 
Rouzée and M. J. J. Vrakking), Freie Universität Berlin

C. Neidel; Attosecond molecular dynamics - towards 
biomolecules (Supervisor: M. J. J. Vrakking and I. V. 
Hertel), Freie Universität Berlin

N. Raabe; CEP stabilization of kHz CPA lasers and their 
applications (Supervisor: M. J. J. Vrakking and G. Stein-
meyer), Freie Universität Berlin

S. Raabe; Time-resolved soft-X-ray photoelectron spec-
troscopy of molecular dynamics at conical intersection 
(Supervisor: A. Rouzée and M. J. J. Vrakking), Freie 
Universität Berlin

K. Reininger; Structural imaging of transition state dy-
namics (Supervisor: J. Mikosch), Freie Universität Berlin

M. Richter; Imaging and controlling of electronic and 
nuclear dynamics in strong laser fields (Supervisor: O. 
Smirnova and A. Knorr), Technische Universität Berlin

F. Schell; Coincident detection of correlated electron 
and nuclear dynamics induced by ultra short laser 
pulses (Supervisor: M. J. J. Vrakking and C. P. Schulz), 
Freie Universität Berlin

M. Schneider; Nonlinear resonant scattering of  fem-
tosecond XUV radiation (Supervisor: S. Eisebitt), Tech-
nische Universität Berlin

V. Serbinenko; High harmonic generation in multicolor 
fields (Supervisor: O. Smirnova and A. Knorr), Tech-
nische Universität Berlin

C. Somma; Nonlinear THz spectroscopy (Supervisor: T. 
Elsaesser), Humboldt-Universität zu Berlin

T. Sproll; Nichtgleichgewichtstransport von Photonen 
in mesoskopischen Systemen (Supervisor: K. Busch), 
Humboldt-Universität zu Berlin

T. Tyborski; Röntgenbeugungsexperimente an kristalli-
nen Materialien im Femtosekundenbereich (Supervisor: 
T. Elsaesser), Humboldt-Universität zu Berlin

D. Weder; Time-resolved investigation of ultrafast mag-
netization dynamics (Supervisor: S. Eisebitt), Tech-
nische Universität Berlin

J. Weißhaupt; Ultrakurzzeit-Röntgenmethoden zur Un-
tersuchung struktureller Dynamik in Festkörpern (Su-
pervisor: T. Elsaesser), Humboldt-Universität zu Berlin

F. Willems; The role of transport processes in ultrafast de-
magnetization dynamics (Supervisor: S. Eisebitt), Tech- 
nische Universität Berlin

K. Witte; Soft X-ray absorption spectroscopy (Supervi-
sor: B. Kanngießer and H. Stiel), Technische Universität 
Berlin

H. Zimmermann; Untersuchung angeregter neutraler 
Fragmente nach frustrierter Tunnelionisation (Supervi-
sor: W. Sandner), Technische Universität Berlin
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J.-M. Rost, Max Planck Institute for the Physics of 
Complex Systems, Dresden; Institutskolloquium, 2015-
01-21: Slow electrons from fast activation with intense 
laser pulses

D. Rupp, Institut für Optik und Atomare Physik, 
Technische Universität Berlin; Seminar A: Attosecond 
Physics, 2015-01-27: Imaging of ultrafast plasma dy-
namics in single particles with intense XUV pulses

D. S. Citrin, Georgia Institute of Technology, Atlanta, 
Georgia, USA and Georgia Tech Lorraine, Metz, France; 
Seminar C: Nonlinear Processes in Condensed Matter, 
2015-01-30: Nonlinear dynamics of external-cavity 
semiconductor lasers

H. Stapelfeldt, Aarhus University, Denmark; Instituts-
kolloquium, 2015-02-25: Laser induced alignment of 
molecules in Helium droplets

A. V. Bogatskaya, Lomonossov State University 
Moscow, Russia; Seminar B: Laser-Matter-Interaction in 
Intense Laser Fields, 2015-03-16: Guiding and amplifi-
cation of electromagnetic radiation in a plasma channel 
formed in gases by high intensity laser pulses

R. Arkhipov, Weierstraß-Institut für Angewandte Analysis 
und Stochastik, Berlin; Seminar A, 2015-03-17: A new 
type of mode-locking: How to overcome a gain linewidth 
limit on the pulse duration

F. Benabid, University of Bath, UK; Institutskolloqu ium, 
2015-03-25: Extreme physics with Kagome hollow-core 
PCF

A. F. O. Lasso, Universidad Autónoma de Madrid, 
Spain; Seminar B, 2015-04-16: Computations in atomic 
molecular physics of unbound systems

A. W. Parker, Rutherford Appleton Laboratory, 
Oxfordshire, UK; Institutskolloquium, 2015-04-22: Some 
light chemistry

A. M. Popov, Lomonossov State University Moscow, 
Russia; Seminar B, 2015-04-22: Interference stabili-
zation, middle IR, and UV lasing in a plasma channel 
formed in gas by high intensity laser field

S. Ruschin, Tel-Aviv University, Israel; Seminar C, 2015-
05-06: The Gaussian content: An alternative quality pa-
rameter for coherent beams and its application to coher-
ent beam combining

E. Arzt, Leibniz-Institut für Neue Materialien gGmbH, 
Saarbrücken; Institutskolloquium, 2015-05-28: Biomime-
tic functional surfaces: From geckos to Gecomer® tech-
nology

K. Siefermann, Junior Research Group ‘Ultrafast 
Dynamics in Complex Systems’, Leibniz Institute of 
Surface Modification, Leipzig; Seminar A, 2015-06-16: 
Ultrafast electron dynamics at interfaces

D. Dowek, Institut des Sciences Moléculaires d‘Orsay, 
Université Paris Sud, France; Institutskolloquium, 2015-
07-01: Molecular frame photoemission: A sensitive 
probe of both electronic/nuclear photodynamics and the 
complete polarization state of ionizing light

E. Grant, Department of Chemistry, University of British 
Columbia, Vancouver, Canada; Seminar A, 2015-07-14: 
Ultracold plasma fission under Rydberg-gas quantum-
state control

P. R. Bunker, Steacie Laboratory, National Research 
Council of Canada, Ottawa, Ontario, Canada; Seminar 
A, 2015-09-01: Spectroscopy, quantum mechanics and 
the shortcomings of the point group

R. E. F. da Silva, Departamento de Quimica, Módulo, 
Universidad Autónoma de Madrid, Spain; Seminar A, 
2015-09-04: Resolvent operator method on a full dimen-
sional calculation of the H2

+ molecule

P. R. Bunker, Steacie Laboratory, National Research 
Council of Canada, Ottawa, Ontario, Canada; Seminar 
A, 2015-09-04: Complete nuclear permutation inversion 
group and molecular symmetry group

P. R. Bunker, Steacie Laboratory, National Research 
Council of Canada, Ottawa, Ontario, Canada; Seminar 
A, 2015-09-07: The molecular symmetry group and the 
point group

P. R. Bunker, Steacie Laboratory, National Research 
Council of Canada, Ottawa, Ontario, Canada; Seminar 
A, 2015-09-09: The connection between spin and per-
mutation symmetry for electrons and nuclei

A. Melnikov, Department of Physical Chemistry, 
Fritz Haber Institute, Berlin; Seminar A, 2015-10-14: 
Ultrashort spin current pulses in metallic multilayers: 
Spin Seeback and spin transfer torque effects on ultra-
fast time scales

M. B. Reduzzi, CNR-IFN Politecnico di Milano, Italy; 
Seminar A, 2015-11-06: Time-resolved investigation of 
electron dynamics in few-particles systems exploiting a 
versatile attosecond beamline

D. Ayuso, Departamento de Química, Módulo, Universi-
dad Autónoma de Madrid, Spain; Seminar A, 2015-11-
19: Coherence in molecular photoionization

Appendix 4
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A. Jiménez-Galán, Departamento de Quimica, Modulo, 
Universidad Autónoma de Madrid, Spain; Seminar A, 
2015-11-19: Attosecond spectroscopy of autoionizing 
states

M. H. von Hoegen, Fakultät für Physik, Universität  
Duisburg-Essen; Institutskolloquium, 2015-11-25: Elec-
tron diffraction at surfaces: By now ultrafast!

D. Bondar, Princeton University, New Jersey, USA; 
Seminar A, 2015-12-11: A bridge between classical and 
quantum
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Appendix 6

Activities in Scientific Organizations

A. A. Andreev

Member, Program Committee and Vice-Chair, Laser 
Optics 2016 (St. Petersburg, Russia)

 
W. Becker

Co-Chair, Seminar 2: Strong-field & Attosecond Physics, 
24th Int. Laser Physics Workshop, LPHYS’15 (Shang-
hai, China)

Member, Advisory and Program Committee, 24th Int. 
Laser Physics Workshop, LPHYS’15 (Shanghai, China)

Member, Scientific Committee, Super Intense Laser-
Atom Physics Conference, SILAP 2015 (Bordeaux, 
France)

Member, Editorial Board, Laser Phys. Lett.

Member, Editorial Board, ScienceOpen

 
K. Busch

Topical Editor, J. Opt. Soc. Am. B

MC Substitute Member, COST Action MP 1403: Nano-
scale Quantum Optics, Elsevier

Topical Editor, The Journal of Physics Plus, Springer 
Verlag

Member, Entwicklungs- und Planungskommission des 
Akademischen Senats, Humoldt-Universität zu Berlin

 
S. Eisebitt

Vorsitzender, Komitee Forschung mit Synchrotron-
strahlung, KFS 

Chair, Scientific Advisory Committee, European XFEL

Member, DESY Photon Science Committee

Member, BMBF-Gutachterausschuss

 
T. Elsaesser

Member, IRIS Adlershof, Humboldt-Universität zu Berlin

Member, Humboldt Center for Modern Optics, Hum-
boldt-Universität zu Berlin 

Member of the Board, Berlin Brandenburg Academy of 
Sciences

Member, Berlin Brandenburg Academy of Sciences

Chair, Kuratorium, Laserlabor Göttingen 

Member, Advisory Board, Int. Conference on Coherent 
Multidimensional Spectroscopy 

Member, Advisory Board, Conference Series on Time 
Resolved Vibrational Spectroscopy 

Chair, Physics Group, Gesellschaft Deutscher Natur-
forscher und Ärzte, GdNÄ 

Associate Editor, Struct. Dyn., AIP

Divisional Associate Editor, Phys. Rev. Lett.

Member, Editorial Board, Chem. Phys.

Member, Editorial Board, Chem. Phys. Lett.

Member, Proposal Review Panel for the LCLS X-ray 
FEL facility

 
R. Grunwald

Member, Program Committee, Complex Light and Opti-
cal Forces, Photonics West, SPIE

Member, Editorial Advisory Board, The Open Optics 
Journal, Bentham Open 

Member, Advisory Board, Centre of Excellence for Non-
linear Studies (Tallinn, Estonia)

 Member, Editorial Board, Scientific Reports 

 
J. Herrmann

Member, Editorial Board, Journal ISRN Optics 

 
I. V. Hertel

Member, Beirat of the German-Israeli James Franck 
Program (München/Jerusalem) 

Member, High school related activities of the Berlin 
Brandenburg Academy of Sciences 

Member, Kuratorium, Leibniz-Institut für Analytische 
Wissenschaften - ISAS - e.V. (Dortmund) 
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Honorary Chair, Joint initiative of non university research 
institutions Berlin Adlershof, IGAFA 

Member, Interdisciplinary Working Group „Excellence 
Initiative“, Berlin-Brandenburg Academy of Sciences

Member, Selection Committee, Klung-Wilhelmy-Weber-
bank-Prize, Freie Universität, Berlin

Member, Jury, Berlin Science Prize of the Governing 
Major 

Member, Scientific Advisory Board, Foundation Bran-
denburger Tor

Chair, Kuratorium, Magnushaus, Deutsche Physika-
lische Gesellschaft e.V. 

 
H. Husakou

Member, Program Committee, NPh‘15 (St. Petersburg, 
Russia)

 
M. Ivanov

Group Leader, Correlated Multielectron Dynamics in In-
tense Laser Fields, CORINF

Instructor, 1st Training School, Cost ACTION CM1204: 
New Computational Methods for Attosecond Molecular 
Processes (Zaragoza, Spain) 

Member, Scientific Committee, Super Intense Laser-
Atom Physics Conference, SILAP 2015 (Bordeaux, 
France)

 
M. P. Kalashnikov

Co-Chair, Seminar 4: Physics of Lasers, 24th Int. Laser 
Physics Workshop, LPHYS’15 (Shanghai, China)

Scientific Management ELI-ALPS - The European ELI 
project, Extreme Light Infrastructure

 
E. T. J. Nibbering

Member, Scientific Selection Panel, Helmholtz-Zentrum 
Berlin-BESSY II 

Member, Proposal Review Panel for the LCLS X-ray 
FEL facility

Member, Central Laser Facility Access Panel (STFC 
Rutherford Application Laboratory, UK)

Member, Editorial Board, J. Photoch. Photobio. A 

Member, Program Committee, Time Resolved Vibra-
tional Spectroscopy 2015, TRVS

 
 

S. Patchkovskii

Instructor, 1st Training School of Cost ACTION CM1204: 
New Computational Methods for Attosecond Molecular 
Processes (Zaragoza, Spain) 

 
V. Petrov

Member, Nonlinear Optics Committee, Conference on 
Lasers and Electro-Optics, CLEO 2015 (San Jose, USA) 

Member, Solid State Lasers Committee, CLEO Europe 
(Munich) 

Member, OSA Topical Meeting Committee, Advanced 
Solid-State Lasers, ASSL (Berlin) 

Member, Int. Program Committee and Co-Chair, Ad-
vanced Laser Technologies, ALT (Faro, Portugal) 

Topical Editor, Opt. Lett. 

 
O. Smirnova

Member of the Board, Committee, Atomic, Molecular, 
and Optical Physics Division, European Physical Soci-
ety, AMOPD EPS

Member, Management Committee, COST XLIC - Euro-
pean cooperation in science and technology 

Coordinator, Working Group 1, COST XLIC -European 
cooperation in science and technology 

Member, Program Committee, Int. Conference on Ultra-
fast Phenomena 

Member, Program Committee, Ultrafast Imaging of Pho-
tochemical Dynamics: Faraday Discussion 

Member, Program Committee, High-Field Physics and 
Attoscience, CLEO Europe 2016

Symposium Organizer, Ultrafast Dynamics in Solids, 
CLEO 2015

Member, Program Committee, ECAMP

 
G. Steinmeyer

Voting Member, Quantum Electronics and Optics Divi-
sion, QEOD, European Physical Society, EPS

General Chair, Program Committee, High-Intensity La-
sers and High-Field Phenomena, HILAS 2016

Chair, Commission D: Electronics and Photonics, Int. 
Union of Radio Science, URSI  
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Session Convener, Photonics in the International Year 
of the Light (Gran Canaria, Spain), Int. Union of Radio 
Science, URSI, 1st URSI Atlantic Radio Science Confer-
ence 2015

Member, Program Committee, Ultrafast Optics 2015 
(Beijing, China)

Member, Editorial Board, Opt. Lett.

Member, Editorial Board, Phys. Rev. A

 
J. W. Tomm

Member, Scientific Committee, Semiconductor nano-
structures towards electronic & opto-electronic device 
applications VI, Conference of the E-MRS

Member, Executive Committee, European Materials Re-
search Society, E-MRS (Strasbourg, France)

Permanent Member, Int. Steering Committee, Int. Con-
ference on Defects - Recognition, Imaging and Physics 
of Semiconductors, DRIP (Suzhou, China)

Member, Program Committee, 27th European Sympo-
sium on Reliability of Electron Devices, Failure Physics 
and Analysis, ESREF 2016 (Halle)

 
M. J. J. Vrakking

Member, Management Board, Laserlab Europe-III and IV 
 
Member, Editorial Board, J. Phys. B

President, Scientific Advisory Board, CILEX-APOLLON

Member, Editorial Board Scientific Reports, Nature Pub-
lishing Group

Member, Int. Committee, 5th Int. Conference on Atto-
second Physics, ATTO2015

Member, Steering Committee, DFG Priority Program 
1840: Quantum Dynamics in Tailored Intense Fields, 
QUTIF

Stellvertreter, Sektion Atome, Moleküle, Quantenoptik 
und Plasmen; Fachverband Atomphysik (A) der DPG

Chair, Scientific Advisory Board, Amsterdam Research 
Center for Nano-Lithography

Chairman, EUCALL Scientific Advisory Committee

Chairman, Artemis Access Board

Member, Proposal Review Panel for the LCLS X-ray 
FEL facility

Member, Project Review Panel for the FLASH FEL facility 
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