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This Annual Report summarizes the scientific activities of the Max-Born-Institut (MBI) for the 
year 2011. Key results are presented for each of the MBI research projects. The appendix 
gives a complete record of the publications, invited talks, academic teaching and training, 
guest lectures, activities in scientific organizations, and the summary of external funding. 
More detailed information on current activities is available on the MBI website (http://www.
mbi-berlin.de).

In 2011, the research at the Max-Born-Institut has led to outstanding results in a range of 
research areas. Particular highlights are:

•	 The onset of the electrical resistance in semiconductors was elucidated by nonlinear 
terahertz (THz) spectroscopy. The transition from quantum-coherent ballistic charge 
transport to the drift-diffusion regime was mapped by analyzing the THz emission of the 
accelerated carriers. In GaAs, the transport of electron-hole plasma is dominated by 
electrons which change from a free ballistic to a dissipative drift motion on a time scale 
of 1 ps. The results demonstrate for the first time that the interaction of electrons with a 
strongly heated hole distribution represents a major source of friction.

•	 Negative ions, fragile atomic systems, are important in accelerator-based physics. Their 
generation from a laser driven plasma seems highly unlikely because of the huge elec-
tromagnetic fields inside the plasma. Nevertheless a high number of negative oxygen 
ions O-  were detected after irradiation of a spray target by intense (5 × 1019 W/cm2 ) and 
ultrashort (35 fs) laser pulses with MeV energies as well as, more recently C- and H- ions. 
Negative ions are created when fast, laser-accelerated, positive ions capture electrons 
from neutral target atoms in the surrounding spray cloud. Thereby, the quality (emit-
tance) of the laser accelerated ions remains nearly preserved. The mechanism implies 
also the existence of a large number of neutral atoms with MeV energies, also proven in 
a recent experiment.

•	 Rotational spectra are traditionally measured without a concurrent means of differentiat-
ing the molecular constituents of the sample. A new, all-optical, multi-pulse experiment 
was developed that allows the correlated measurement of rotational and mass or pho-
toelectron spectra by combining Fourier transform rotational coherence spectroscopy 
with resonance-enhanced multiphoton ionization. The power of this method was dem-
onstrated with the determination of ground-state rotational constants and fragmentation 
channels for 10 different isotopes in a natural carbon disulfide sample. 

•	 Two-dimensional infrared spectroscopy provided new insight into the interaction of DNA 
with its hydration shell. Experiments in which the hydration level was varied in a defined 
way allowed for a separation of DNA’s vibrational dynamics from that of the water shell. 
A moderate slowing-down of structural fluctuations and vibrational energy transfer in the 
water shell compared to bulk water was observed and quantified by deriving frequency-
time correlation functions from the data. These results clarify longstanding controver-
sies about ‘slow biological water’.  

•	 A few years ago, MBI experiments observed the acceleration of neutral atoms in very 
intense infrared (IR) laser pulses. Using ab-initio calculations, the electronic structure 
of these stable “laser-dressed” atoms has now been identified and imaged in angle-
resolved photoelectron spectra. Validating 40-year-old theoretical predictions, so-
called Kramers-Henneberger (KH) atoms are formed, which can be detected even 
before the onset of the stabilization regime. This opens the way to visualization and 
control of bound electron dynamics in strong laser fields, and re-examining its role in 
various processes, including high-order Kerr nonlinearities and laser filamentation. 
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•	 New extreme-ultraviolet (XUV) light sources such as high-order-harmonic generation 
(HHG) and free-electron lasers (FELs), combined with laser-induced alignment tech-
niques, enable novel methods for making molecular movies based on measuring mo-
lecular frame photoelectron angular distributions. Experiments were presented where 
CO2 molecules were impulsively aligned using a near-infrared laser and ionized using 
femtosecond XUV pulses obtained by HHG. Measured electron angular distributions 
revealed contributions from four orbitals and the onset of the influence of the molecular 
structure.

The number of publications was maintained at a high level with numerous papers in inter-
nationally leading journals. MBI scientists gave a significant number of talks at important 
conferences and presented numerous colloquia. Several key results of MBI research were 
highlighted by comments in scientific journals and by articles in the popular press. The inter-
national recognition of MBI´s research was manifest in the election of Thomas Elsaesser as 
Fellow of the American Physical Society. Two PhD students who carried out their research 
at MBI, Christian Eickhoff and Wilhelm Kühn, were among the winners of the Carl Ramsau-
er Prize of the Physikalische Gesellschaft zu Berlin (PGzB), an award for outstanding PhD 
work. 

A highlight of MBI´s activities on knowledge transfer was the opening of BLiX – the „Berlin 
Laboratory for innovative X-ray Technologies“ at TU (Technische Universität) Berlin. BLiX is 
a “Leibniz-Applikationslabor“ operating at the interface between university, research and en-
terprises and is jointly operated by the Institut für Optik und Atomare Physik of the TU Berlin 
and the MBI. The contacts with universities were further intensified through the hiring of Kurt 
Busch as W3-professor Theoretical Nano-Photonics at Humboldt University, accompanied 
by the establishment of a research group at the MBI. Martin Weinelt left MBI, to assume a 
chair in Ultrafast Surface Dynamics at the FU Berlin.

Finally, 2011 was a year characterized by many developments within the institute itself. The 
reconstruction of the High-Field Laboratory was completed and a new 100 TW/25 fs-ampli-
fier chain (Amplitude Technologies) was installed parallel to the existing 40 TW/35 fs laser. 
Furthermore, the first of the attosecond laboratories resulting from the appointment of Marc 
Vrakking as director of Division A became operational and already yielded novel results on 
electron dynamics in molecules by the end of the year. Accompanying these changes, the 
former project 2-03 “Free Clusters and Molecules” was discontinued, and its remaining ac-
tivities absorbed into project 2-05.

We would like to thank all staff members, guest scientists and external cooperation partners 
for their dedicated work, the scientific advisory board for its support and advice and the fund-
ing agencies for the continuous financial support of the institute.

Berlin, February 2012

Marc Vrakking         Wolfgang Sandner          Thomas Elsaesser 
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1. Overview

In 2011, we have developed a very sensitive and novel 
third-order FROG method, capable of characterizing 
sub-3 cycle pulses at nJ-energies. This method employs 
a	 thin	 film	with	high	nonlinearity	and	a	collinear	 setup	
enabling tight focusing. Given its collinear geometry, the 
method is interferometric and provides a simple way for 
calibration of the temporal axis. Using this interferomet-
ric FROG, we further investigated the temporal trans-
fer	of	 reflective	spatial	 light	modulators	employed	 in	a	
reconfigurable	 Shack-Hartmann	 device	 for	 extremely	
short	 pulses.	Moreover,	 the	method	 shows	 significant	
differences in the FROG traces measured with differ-
ent dielectrics, enabling insight into the few-fs dynamics 
governing their nonlinearities.

Filamentation of 1 kHz high energy sub-50fs pulses was 
investigated statistically, indicating the appearances of 
extreme events also known as rogue waves in this two-
dimensional optical system.

For the formation of sub-wavelength ripples during the 
interaction of ultrashort pulses with large bandgap ma-
terials a new mechanism based on plasmon/polariton 
propagation and interference was proposed. Another 
application of plasmonic surface effects, a mode-locked 
plasmonic nanolaser was theoretically investigated and 
sub-100 fs pulse duration was predicted.

For	more	efficient	generation	and	even	shorter	pulses	
in the vacuum ultraviolet, we have investigated FWM 
in different noble gases and the compression of the 
third	 harmonic	 of	 a	 Ti:Sapphire	 laser	 by	 filamenta-
tion providing sub-20 fs pulses with more than 300 µJ 
energy at 267 nm. The generation of few-cycle THz 
pulses in gases was further investigated theoretically. 
As a result, using a frequency offset of two- or three 
color	laser	fields,	the	possibility	of	shaping	THz	pulses	
was shown. Finally we demonstrated direct third har-
monic	 in	 a	 single	 crystal	 with	 an	 efficiency	 of	 more	
than 10 %.   
 

2. Subprojects and collaborations

The project is organized in three subprojects:

UP1: Few-cycle pulse generation and nonlinear optical 
processes	in	hollow	waveguides,	photonic	crystal	fibers	
and microstructured materials 

UP2: High-energy vacuum UV femtosecond pulses 
(100-180 nm) at 1 kHz repetition rate 

UP3: Novel nonlinear materials and interaction schemes 
for frequency conversion of ultrashort laser pulses. 

Collaborations: P. Staudt and G. Stibenz (APE Berlin, 
Germany), M. Piché (Laval University Quebec, Canada), 
S. Huferath von Luepke (BIAS Bremen, Germany), H.-J. 
Kühn (Berliner Glas, Germany), E. McGIynn (DCU, Dub-
lin, Ireland), C. Fischer (Metrolux Göttingen, Germany), 
HoloEye Berlin, Germany, J. Jahns and H. Knuppertz 
(FernUniversität Hagen, Germany), W. Seeber (FSU 
Jena, Germany), A. Pfuch (INNOVENT, Jena, Ger-
many), M. Guina, O. Okhotnikov, and M. Pessa (ORC, 
Tampere, Finland), G. Genty and M. Kauranen (TUT, 
Tampere, Finland), L. Bergé (CEA, Arpajon, France), S. 
Skupin (MPI, Dresden, Germany), S. Düsterer (DESY 
Hamburg, Germany), J. S. Skibina (Saratov State Uni-
versity, Russia), V. l. Beloglasov (Nanostructured Glass 
Technology Comp., Saratov, Russia), M. B. Raschke 
(JILA, Boulder, CO, USA), S. Burger (Zuse-lnstitut, Ber-
lin, Germany), A. Demircan (Weierstraß-Institut Berlin, 
Germany), R. Wedell (IAP, Berlin, Germany), L. Isaenko 
(DTIM Novosibirsk, Russia), J.-J. Zondy (CNAM, Paris, 
France), V. Pasiskevicius (KTH, Stockholm, Sweden), 
P. Schunemann (BAE Systems, Nashua, USA), V. 
Badikov (HTL Krasnodar, Russia), K. Kato (Chitose, 
Japan),	 l.	 Buchvarov	 (Sofia	 University,	 Bulgaria),	 A.	
Maksimenko (University Minsk, Belarus), M. Ebrahim-
Zadeh (ICFO, Barcelona, Spain), Yu Kivshar (Can-
berra, Australia), H. Giessen (Uni. Stuttgart, Germany), 
F. Guëll (University Barcelona, Spain); M. Eichhorn 
(ISL, France), V. Panyutin (Kuban University, Russia). 

Funding: 
•	 BMBF/DLR	RUS 08/103; JPN 11/A02 
•	 FiDiPro (Finland Distinguished Professor  
 Program) 
•	 DFG	projects He 2083 13-1/13-2 and 12-3; STE  
 762/7-2 and 762/9-1, GR 1782/12-2, GR 1782/13-1 
 and GR 1782/14-1 
•	 EU	RII3-CT-2003-506350	
•	 EU	FP7-ICT-224042	(MIRSURG)		
•	 DAAD	(Bulgaria, France, UK, Northern Ireland) 
 

3. Results in 2011  

UP1: Few-cycle pulse generation and nonlinear 
optical processes in hollow waveguides, photonic 
crystal fibers and microstructured materials (theory, 
experiments)    
 
Adaptive spatio-temporal shaping and diagnostics of  
few-cycle wavepackets at nJ-pulse energies with low- 
dispersion SLMs  

1-01: Ultrafast Nonlinear Optics and Few Cycle Pulses
J. Herrmann, F. Noack, G. Steinmeyer (project coordinators) 
and J. Bethge, M. Beutler, R. Beutner, S. Birkholz , M. Bock, B. Borchers, P. Börner, C. Brée, S. K. Das, M. Ghotbi, 
R. Grunwald, A. Husakou, K. Kim, S. Koke, G. Marchev, H. Messaoudi, V. Petrov, C. Schwanke, P. Trabs, A.Treffer, 
A. Tyazhev, N. Zhavoronkov 
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Adaptive shaping and characterization of ultrashort 
laser pulses with liquid-crystal-on-silicon spatial light 
modulators (LCoS-SLMs) was studied in the sub-3 cy-
cle range (6-fs pulses) at low pulse energies (< 7 nJ). 
The nonlinear diagnostics of ultrashort wavepack-
ets with such parameters is challenging because of 
the	 required	 enhanced	 conversion	 efficiency	 along	
with	 sufficiently	 high	 detector	 sensitivity.	 Therefore,	
new types of nano-granular layers for enhanced 
third-harmonic generation were developed [DSP11].  

Using	 thin-film	 TiO2 (titania) samples with strong c(3) 
nonlinearity, we demonstrated a novel variant of inter-
ferometric frequency-resolved optical gating (IFROG), 
which relies on third-harmonic generation rather than 
sum-frequency generation. As the method is collinear 
and IFROG traces contain an intrinsic delay calibration 
in their interference fringe pattern, this method appears 
particularly suited for measuring few-cycle pulses. In 
contrast to many other third-order FROG variants, it can 
be used for oscillator pulse energies because of the very 
tight focusing possible only in a collinear geometry. We 
experimentally demonstrated this method with oscilla-
tor pulses of 6.5 fs pulse duration. For comparison, we 
also made IFROG measurements with silica as the non-
linear medium. Quite surprisingly, the measurements 
significantly	differ	between	silica	(SiO2) and titania (Fig. 
1), indicating a lifetime of the third-order susceptibility 
of titania on the order of 5 fs. To the best of our know-
ledge,	this	constitutes	the	first	demonstration	of	a	finite	
lifetime of the nonlinearity in a dielectric material.   
 
In a DFG transfer project together with Metrolux GmbH 
(Göttingen),	a	demonstrator	for	a	reconfigurable	Shack-
Hartmann wavefront sensor for extremely short pulses 
based	on	 reflective	LCoS-SLMs	 (HoloEye)	and	quasi-
nondiffracting beams was investigated. Compared to 
previous work, the approach was tailored towards the 
adaptive angular and spatio-temporal characterization 
of even shorter pulses by working with highly localized 
beams,	 e.g.,	 needle	 beams	 in	 reflection	 and	 imple-
menting adaptive correction routines. It was shown that 
temporal information is transferred at pulse durations 
down to 6 fs if the chirp is suitably pre-compensated 

by	chirped	mirrors.	The	 temporal	 fingerprint	of	nondif-
fracting needle beams at this pulse duration was proven 
by second order autocorrelation with spatial resolu-
tion (Fig. 2) [BDF]. In agreement with the theory, the 
experimental results indicate a temporally and spatially 
undistorted propagation. Programmable arrays of such 
beams can be generated in Shack-Hartmann wavefront 
sensors with LCoS-SLMs. This enables the read-out of 
undistorted 2D temporal maps along with the wavefront. 
Proof-of-principle shaping experiments with new types 

of	 reflective	 MEMS-axicons	 were	 performed	 together	
with the University of Freiburg. A related DFG project 
(GR 1782/14-1) starts in 2012. The approach is promis-
ing for pulse durations down to the attosecond range 
because of minimum dispersion and minimum diffrac-
tion (non-pixelated structure). Furthermore, a patent 
on advanced statistical techniques in combination with 
a two-dimensional SPIDER for spatially resolved com-
plete pulse characterization was recently granted [P1].
 
Using	an	amplified	Ti:Sapphire	laser	system	with	5	mJ	
pulse energy, 45 fs pulse duration, and 1 kHz repetition 
rate, we investigated the shot-to-shot temporal dynamics 

Fig.	1:   
IFROG traces measured with 6 fs input pulses from a Ti:Sapphire oscillator, using a) silica and b) titania. Retrieval of 
the pulse shape yields the pulse shapes indicated in c). For silica, the retrieved pulse duration is 6.2 fs; for titanium we 
retrieve 10.4 fs. As these measurements were made with one and the same set-up, exchanging only the nonlinear me-
dium,	this	discrepancy	indicates	a	finite	lifetime	>	5	fs	of	the	nonlinearity	in	TiO2.

Fig.	2:   
Experimental proof of a uniform temporal transfer over 
the complete radius of an individual needle beam as 
measured by second order autocorrelation [BDF].
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of	multifilaments	generated	 in	a	2	bar	xenon	cell.	The	
generated	multifilament	beam	profiles	were	recorded	by	
a line scan camera at the full repetition rate, and the re-
corded patterns were then statistically analyzed (Fig. 3). 
In	the	region	of	multifilamentation,	the	histograms	of	the	
time series exhibit an L-shaped probability distribution, 
characteristic for extreme event statistics, i.e., so-called 
rogue waves. To the best of our knowledge, this obser-
vation	 constitutes	 the	 first	 observation	 of	 such	 rogue	
waves in a two-dimensional optical system. We current-

ly	investigate	the	role	of	collisions	of	individual	filament	
strings for the appearance of the extreme value statistics. 

Nonlinear generation of plasmon-polaritons and transi-
ent carrier-induced index changes by femtosecond laser 
excitation of semiconductors and metal oxides

Femtosecond laser irradiation of materials opens spe-
cific	 channels	 for	 selective	 localized	 excitation	 and	
structuring. The formation mechanisms of laser-induced 
periodic surface structures (LIPSS) are still controver-
sially discussed (Workshops at MBI and University 
Twente). With systematic studies on semiconductors 

and metal oxides (Si, TiO2, ZnO, Al2O3), the understand-
ing of nonthermal ablation was essentially improved (in-
house collaboration with the group of Dr. Rosenfeld). In 
the ultrashort-pulse excitation regime, mass transport 
based models can be excluded to be responsible for 
the	structure	 formation.	This	was	verified	by	analyzing	
the very early stages of LIPSS, where isolated nanorip-
ples appear, but typical spatial frequency contributions 
can already be detected. A possible explanation is 
plasmon-polariton wave propagation and interference 
at the surface. This assumption is further supported by 
the	observation	of	specific	“tails”	at	the	rim	of	the	inter-
action zones, corresponding to typical plasmon decay 
distances (few micrometer scale). The intensity depend-
ence and the observation of sub-wavelength ripples in 
large-bandgap materials (Fig. 4) indicates multiple pho-
ton absorption. In a related Laserlab-Europe project on 
the nonlinear excitation of tailored nanostructures, the 
spectroscopic properties of ZnO nanowires grown un-
der different conditions were studied theoretically and 
experimentally.

Mode-locking of plasmonic nanolasers for on-chip gene-
ration of femtosecond pulses

On-chip generation of femtosecond pulses appears as a 
highly appealing element for integrated optical micro- and 
nanoscale systems. We developed a theory of passively 
mode-locked surface plasmon polariton lasers based on 
a	Bragg	resonator	with	a	metal	film	deposited	on	a	host	
and adjacent layers of a slow saturable absorber and a 
slow saturable gain medium [KHH]. The mode-locked 
laser dynamics is studied for the case that both the 

Fig.	3:   
a) Experimental setup employed for the detection of rogue waves in a two-dimensional system.  
b)	Measured	single-shot	profiles	as	a	function	of	input	energy.	For	the	lowest	input	energy,	single	filamentation	is	 
observed.	Above	6	critical	powers,	this	single	filament	breaks	up	into	multiple	ones.

Fig.	4:   
Femtosecond laser induced sub-200-nm nanorip-
ples in sapphire characterized by SEM. The spatial 
frequencies p at the rim and in the center of the linear 
focus zone are increased in good agreement with 
theoretical	predictions	by	the	modified	Sipe’s	theory	
including a carrier density dependent refractive index.
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gain medium and the saturable absorber are solid-state 
dyes. The output pulse parameters are calculated in de-
pendence	on	layer	thicknesses	of	the	metal	film	and	on	
pump parameters. We predict the possibility of surface 
plasmon pulse generation with 100 fs pulse duration. 

UP 2: High energy vacuum UV femtosecond pulses 
(100 – 180 nm) at 1-kHz repetition rate 
    
In 2011 we further investigated the generation of sub-
50 fs pulses in the vacuum-UV(VUV) spectral range. 
The VUV pulses were generated by a difference- 
frequency four-wave mixing process (FWM) in a noble 

gas	 between	 the	 third	 harmonic	 of	 an	 amplified	
Ti:Sapphire laser system and the signal output of an 
optical	parametric	amplifier.	The	main	effort	was	on	a	
comparison of krypton and argon in the FWM. In fact, 
we	 expected	 higher	 conversion	 efficiency	 for	 krypton,	
which should result in higher pulse energy over most of 
the wavelength range. For Ar as well as Kr we achieved 
femtosecond pulses between 147 nm and 151 nm at a  
1 kHz repetition rate. Surprisingly the energy measured 
across the whole tuning range was independent on the 
type of gas employed. A possible explanation for the un-
expected behavior is the two-photon absorption of the 
generated VUV pulses in krypton, whereas in argon, at 
least three photons are necessary to reach the ioniza-
tion continuum. Currently we perform some calculations 
to verify this assumption.

To	 further	 increase	 the	 conversion	 efficiency	 of	 the	
FWM process and to reduce the pulse duration even 
below 20 fs, we also investigated the opportunity to gen-
erate broadband third-harmonic FWM pump pulses by 
applying	the	filamentation	technique.	In	the	experiment	
we used 7 W of the output of a home-built Ti:Sapphire 
laser system. The system generates pulses with dura-
tion of ~135 fs at 805 nm at a repetition rate of 1 kHz. 
In	the	first	step,	we	used	a	conventional	third	harmonic	
stage, containing a 0.5 mm SHG-BBO, a compensation 
plate, a half wave plate, and a 0.1 mm THG-BBO. The 

stage generates TH pulses with a bandwidth of 1.4 nm 
at FWHM, pulse durations of about 100 fs and pulse 
energies of 0.9 mJ. In a second step we focused the  
TH	 pulse	 in	 a	 gas	 cell	 filled	 with	 argon.	 The	 gas	
pressure in the cell was up to 700 mbar. Finally we 
compressed half of the output of the cell in a prism 
compressor down to 19.8 fs (Fig. 6) [GTB11]. To our 
knowledge, with this technique, we demonstrated the 
highest pulse energies in the DUV spectral range with 
sub-20-fs pulse duration. The total pulse compression 
setup	 had	 an	 efficiency	 of	 33	%.	 The	 efficiency	was	
mainly limited by the size of the prism used for com-
pression.

Fig.	6:   
Left:	Spectra	of	the	UV	pulses	after	spectral	broadening	in	the	filament,	at	the	pressure	of	650	mbar,	measured	for	differ-
ent input pulse energies. The shaded curve shows the spectrum before the gas cell for comparison. Inset, durations of the 
compressed UV pulses as a function of the input pulse energy.  
Right: Typical SD FROG measurement of the compressed UV pulse. 

Fig.	5:   
Upper part: Scheme of the plasmonic nanolaser. 
Diagram: Generated pulse shape (red curve) together 
with the time-dependent gain (blue curve) and loss 
(green curve). 
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UP 3: Novel nonlinear materials and interaction 
schemes for frequency conversion of ultrashort la-
ser pulses (theory, experiments)

THz emission by two-color pump pulses

In an ongoing collaboration with external partners we 
continued the study of teraherz generation in gases. 
We elucidated the basic mechanism of the emission of 
teraherz radiation by two-color femtosecond pulses and 
showed new possibilities for the control of the THz spec-
tral parameters and for THz pulse shaping [BSH11]. We 
have shown that THz emission is intrinsically connected 
to the optically-induced step-wise increase of the plas-

ma density due to tunnelling ionization. The radiation is 
emitted in a discrete set of attosecond-scale ultra-broad-
band bursts. The detected THz radiation is a result of the 
spectral representation of interference of these radiation 
bursts. This model allows for an explanation of observed 
experimental results and opens new possibilities for a 
novel THz pulse shaping technique within a broad spec-
tral range of more than 100 THz by temporal redistribu-

tion of the ionization events, in particular by using the 
off-set	frequency	shift	of	two-color	or	three-color	fields.	
Experiments at the MBI related with this theoretical study 
have given an evidence of this mechanism for THz gen-
eration [BKK10]. Moreover, we studied the directionality 
of the THz emission and showed that backward propa-
gating THz pulses of about 20% are generated [KCB11]. 

High-efficiency	single-crystal	third-harmonic	generation	
in BIBO

Higher than second-order frequency conversion in solids 
is of general interest because it would allow much sim-
pler concepts for the extension of the wavelength range 

of commercial laser sources mainly available in the near 
infrared. To	obtain	high	conversion	efficiency	 for	 third-
order frequency conversion in bulk media generally 
requires either resonant third-order nonlinearity of 
materials or extremely high input intensity in the case 
of	 non-resonant	 interaction.	 In	 the	 latter	 case	 the	effi-
ciency is mostly limited by the material intensity damage 
threshold, which increases as the pulse duration gets 

Fig.	7:   
The	time	dependence	of	the	free	electron	density	(filled	green	curve)	and	ionization	rate	W(t)	(thin	dotted	black	curve)	as	
well	as	the	electric	field	E(t)	(red	curve)	and	the	current	J(t)	(dashed	blue	curve).	In	(a),	the	THz	spectrum	versus	frequen-
cy	shift	of	the	second-harmonic	field	is	shown.

Fig.	8:   
Phase-matching curves for direct THG in the principal 
planes of BIBO. The solid, dashed, and dotted curves 
are calculated for type-1, type-2, and type-3 processes, 
respectively. 

Fig.	9:   
TH energy and internal conversion efficiency versus 
fundamental energy. The inset depicts the energy depen-
dence in log scale along with the fittings (solid lines) by lin-
ear, quadratic, and cubic dependence on the input energy.
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shorter. This is the reason why most of the experimental 
work	in	this	field	is	based	on	mode-locked	laser	systems	
in the ps- and sub-ps range. Direct frequency tripling 
(THG) of sub-100 fs pulse requires, on the other hand, 
a broad phase matching bandwidth, which is not always 
possible to achieve together with phase-matching.

In our experiment [MPN11], we used the BIBO crystal 
as a frequency tripler at the zero GVM point for the di-
rect cubic process at about 2.1 µm. Figure 8 shows the 
phase-matching curves for type-1 (s, s, s → f), type-2 
(f, s, s → f), and type-3 (f, f, s → f) THG processes in 
the principal planes, where s and f indicate slow and 
fast waves, respectively (ns > nf). In the present THG 
experiment, the type-1 process is chosen to avoid large 
GVM between different polarizations of the fundamental 
beam. For this interaction, simultaneous phase- and 
group-velocity matching between fundamental and  
TH waves is obtained at θ = 41.8° in the zx plane  
(f = 0° or 180°, Ωz < θ < 180°−Ωz) at 20 °C. The cor-
responding fundamental and TH wavelengths are  
l	=	2.169	and	0.723	μm,	respectively,	lying	well	within	
the transparency range. The influence of two-photon 
absorption at the TH wavelength is almost negligible 
in this case, owing to the energy band-gap of 4.59 eV  
(l = 270 nm).

Targeting	high	THG	conversion	efficiency,	we	attempted	
to use both cascading quadratic and direct cubic 
processes, considering the GVM factor rather than the 
spatial walk off and purity of the cubic nonlinearity. The 
above mentioned zero GVM point for phase-matched 
direct THG allows also two non phase-matched cas-
cading processes, i.e. {s1 + s1	→	s2; s2 + s1 →	 f3} and 
{s1 + s1	→	 f2; f2 + s1	→	 f3}, where the subscripts 1, 2, 
and 3 denote the fundamental, second-harmonic (SH), 
and TH waves, respectively. Fig. 9 shows the energy 
dependence between fundamental and TH pulses and 
the	 internal	 energy	 conversion	 efficiency.	 The	 cubic	
power dependence, proving the third-order process, 
is	obtained	up	 to	an	efficiency	 level	of	4−5%	but	 then	
gradually transforms into a quadratic dependence with 
the increase of input energy. At an incident energy  
of	 23	 μJ	 corresponding	 to	 an	 average	 intensity	 of	
~700 GW/cm2, well below the threshold of visible SPM 
of 1 TW/cm2,	 the	 conversion	efficiency	 saturates.	The	
maximum conversion efficiency of 11 % in the present 
experiment is approximately 1.8 times higher than the 
highest reported value for single-crystal THG, despite 
the twice longer fundamental wavelength in a nonlinear 
process whose efficiency is inversely proportional to the 
square of the input wavelength.
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1. Overview

The main objective of this project is the development of 
sophisticated short pulse laser sources. Laser concepts 
based on Ti:Sapphire, rare-earth-doped crystals and 
semiconductors for femtosecond and picosecond oscil-
lator and amplifier systems are under investigation. 

One main activity is devoted to compact diode-pumped 
femtosecond laser systems. The potential of ytterbium- 
and thulium-doped active materials mode-locked by 
semiconductor saturable absorber mirrors (SESAMs) 
or single-walled carbon nanotube saturable absorbers 
(SWCNT-SAs) is studied in the 1-µm and 2-µm spectral 
range. Among the Yb-doped laser crystals, the interest 
is focused on materials compatible with efficient diode-
pumping for high-power femtosecond pulse generation. 
Tm-doped laser sources delivering ultrashort pulses 
in the 2-µm spectral range are of particular interest as 
pump sources for synchronously-pumped optical para-
metric oscillators operating in the mid-IR, for mid-IR  
supercontinuum or THz generation and for time-resolved 
molecular spectroscopy. We successfully employed 
SWCNT-SAs as passive mode-locking element for 
femtosecond pulse generation of a Tm:Lu2O3 laser be-
yond 2 µm. Tm:Lu2O3 belongs to the cubic sesquioxide 
crystals, known for their superior thermo-mechanical  
properties, and is in particular promising for the gen-
eration of ultrashort pulses due to their very broad and 
smooth emission spectra.

Another important part of the project is focused on im-
provement of major parameters of the multi-terawatt 
High-Field Ti:Sapphire Laser (HFL, project 4-2) and 
the development of diagnostics for its characterization. 
This concerns the temporal contrast related to amplified 
spontaneous emission and pre-pulses, improvement of 
the pulse shape, recompression, increasing the energy 
available for interaction experiments, increasing the sta-
bility of the HFL laser operation and other associated 
issues.

The activities in the development of burst mode lasers 
were focused on new techniques required for the im-
plementation of a novel photocathode laser for the up-
coming European XFEL, which is being constructed at 
DESY Hamburg.

The development of high-power thin disk lasers was 
supported by the European Union in the framework of 
EFRE (Europäischer Fond für Regionale Entwicklung) 
in 2011. This allows for setting up a new thin-disk laser 
system with even larger output with respect to the al-
ready existing system. An increase of the pulse energy 
to 2 Joule at up to 200 Hz repetition rate is envisioned 
during the next two years. This EFRE project is a col-

laboration between the Ferdinand Braun Institute (FBH) 
and the MBI. In this collaboration, FBH is responsible for 
the development of the required high-power pump di-
odes. Besides the setup of the thin-disk CPA laser sys-
tem, manufacturing of larger Yb:YAG disks is an impor-
tant part of this project. In order to assemble disks of up 
to 25 mm diameter, a new clean room was set up at the 
MBI and equipped with appropriate optical diagnostics. 
The first already existing thin-disk laser system is now 
mainly used as pump source for an OPCPA system (in 
cooperation with division A) and the X-ray laser. In addi-
tion, it serves as a testing facility for the development of 
key components for the new laser. 

As one result of the long-established thin-disk laser ac-
tivities at the MBI, a regenerative amplifier has been de-
veloped for the Institut de la Lumière Extrême (ILE) in 
Palaiseau (Paris). This amplifier, operating at 200 mJ 
and 100 Hz repetition rate, was installed at the ILE in 
May 2011 and has been working with full output power 
since November 2011.

2. Subprojects and collaborations

At present the project is organized in three subprojects:

UP1: Compact, diode-pumped laser systems and new 
active materials

The following activities are pursued, partly supported 
by several DAAD bilateral programs:  
  
•	 short	pulse	crystalline	lasers	based	on	ytterbium	and 
  thulium/holmium for the 1- and 2-µm spectral ranges, 
 respectively,  
•	 single-walled	 carbon	 nanotube	 saturable	 absorber 
 mode-locking and characterization,   
•	 compact,	all	semiconductor-based	femtosecond	lasers. 
 
 
UP2: Short pulse amplification, high peak and average 
power (HFL)  
 
Partly supported by Alexander von Humboldt Foun-
dation and also partly carried out in cooperation with 
DESY (FLASH Hamburg and PITZ Zeuthen), Helm-
holtz-Zentrum Dresden-Rossendorf and the Helm-
holtz-Zentrum Berlin für Materialien und Energie:  
  
•	 diagnostics	for	the	laser	beam	characterization,	espe- 
 cially temporal contrast and intensity,   
•	 development	of	novel	photocathode	 lasers	based	on 
 Yb-doped active materials for operating the RF gun of 
 the FLASH FEL and the upcoming European XFEL at 
 DESY Hamburg.

1-02: Short Pulse Laser Systems 
 
U. Griebner, V. Petrov, M. Kalashnikov (project coordinators) 
and A. Gitin, R. Jung, G. Klemz, X. Mateos, G. Priebe, H. Schönnagel, J. Tümmler, I. Will
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UP3: High repetition rate CPA thin disk laser system of 
the Joule class

Partly supported by SAW, European EFRE project:

•	 scaling	 of	 thin	 disk	 laser	 technology	 to	 high	 pulse	
 energy within a CPA laser system, 
•	 development	of	an	Yb:YAG	thin	disk	multi-pass	ampli-
 fier for > 1 J pulse energy,
•	 exploring	the	limits	in	thin	disk	technology.

Collaborations: F. Diaz (University Tarragona, 
Spain), K. Petermann (University Hamburg, Germany), 
C. Zaldo (ICMS Madrid, Spain), P. Fuhrberg (LISA la-
ser OHG, Germany), H. Zhang (Shandong Univer-
sity, P. R. China), F. Rotermund (Ajou University, Ko-
rea), M. Tonelli (University Pisa, Italy) M. Weyers, 
G. Erbert (FBH Berlin, Germany), J. Liu (Qindao Uni-
versity, P. R. 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. Chante-
loup (LULI, Palaiseau, France), S. Schad (TRUMPF La-
sers GmbH, Germany), B. Kanngießer (TU Berlin, Ger-
many), S. Schreiber (FLASH, DESY Hamburg), F. Ste-
phan (PITZ, DESY Zeuthen), J. Teichert (FZD, Germa-
ny), T. Quast (Helmholtz-Zentrum Berlin, Germany). 

3. Results in 2011

UP1: Compact, diode pumped laser systems and
new active materials 

Single-walled carbon nanotubes absorbers for mode-
locked laser operation @2 µm 

In recent years direct generation of ultrashort pulses 
near	 2	 μm	 was	 demonstrated	 using	 Tm-	 and	 Tm,Ho-
doped gain media. Recently femtosecond lasers around 
2 µm containing bulk gain media were realized based on 
SESAM mode-locking yielding pulse durations down to 
191 fs [A. A. Lagatsky et al., Opt. Lett. 35 (2010) 3027]. 
Although carbon nanotubes have been successfully ap-
plied as ultrafast saturable absorbers for mode-locking 
of bulk solid-state lasers in different spectral ranges, 
femtosecond mode-locking beyond 2-µm could not be 
achieved so far. During the reporting period single–
walled carbon nanotube saturable absorbers (SWCNT-
SA) were designed and fabricated for fs mode-locking 
of	bulk	lasers	operating	in	the	2	μm	spectral	range	and	
sub-200 fs were achieved employing a Tm:Lu2O3 crystal.

A high-quality thulium-doped Lu2O3 crystal with a do-
pant concentration of 5 at. % with a thickness of 2 mm 
was applied. The SWCNT-SA used was based on arc-
made SWCNTs and can in principle be applied in the 
1 µm spectral range as well. However, while the absorp-
tion band around 1 µm corresponds to the E22 transi-
tion of SWCNTs, the E11 transition is utilized near 2 µm. 
We have characterized the nonlinear response of the 
SWCNT-SAs at 2.0 µm, resulting in a very fast relaxa-

tion time of about 1 ps. We expect a saturation fluence 
of	<10	μJ/cm2 and a modulation depth of <1%, similar to 
the values for the E22-transition of the same SWCNTs. A 
Ti:Sapphire laser emitting up to 2 W of output power at 
798 nm served as a pump source. The actively cooled 
Tm:Lu2O3 crystal was placed at Brewster angle in be-
tween two folding mirrors. One resonator arm was ad-
ditionally folded using two highly reflecting focusing mir-
rors. The transmission-type SWCNT-SA was placed at 
Brewster angle in the vicinity of a second resonator waist 
formed by two highly reflecting focusing mirrors. The 
other resonator arm contained a plane output coupler 
and two CaF2 prisms to control the dispersion.

To study femtosecond operation we optimized the cav-
ity design for shortest pulse generation. At an absorbed 
pump power of 600 mW, i.e. 250 mW above the lasing 
threshold, stable and self-starting mode-locking was 
observed at a pulse repetition rate of 88 MHz. This low 
mode-locking threshold is a typical feature of SWCNT-
SA mode-locked lasers related to the low saturation flu-
ence of the SWCNT-SAs. The intensity autocorrelation 
trace of the shortest pulses together with the correspond-
ing fit, are shown in Fig. 1. The deconvolved FWHM of 
the pulse was 175 fs. The corresponding output spec-
trum, shown in Fig. 2, was centered at 2070 nm and had 
a FWHM of 27.4 nm. This resulted in a time-bandwidth 
product of 0.335, corresponding to nearly transform-
limited sech2-pulses. The output power of 36 mW in 
the mode-locked regime was obtained for a pump level 
of 1.35 W at 798 nm, of which roughly 82% were ab-
sorbed in the crystal. The output power could be slightly 
increased to 50 mW when using a 0.5% output coupler, 
but at the expense of longer pulse duration of about 
300 fs. The radio-frequency (RF) spectra of the SWCNT-
SA mode-locked Tm:Lu2O3 laser displays an extinction 
ratio of 65 dB above carrier at the fundamental beat note 
at 87.83 MHz, a clear evidence for stable CW single-
pulse operation without Q-switching [SKH].

Fig.	1:  
SWCNT-SA mode-locked Tm:Lu2O3 laser: autocorre-
lation trace (symbols) with corresponding fit (solid line) 
assuming a sech2-shaped pulse.
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The pulses are shorter than previously reported for any 
2 µm oscillator, e.g. 191 fs for a Tm,Ho:NaY(WO4)2 la-
ser [A. A. Lagatsky et al., Opt. Lett. 35 (2010) 3027] and 
190 fs for a Tm-doped fiber laser [R. C. Sharp et al., Opt. 
Lett. 21 (1996) 881]. CW laser experiments on Tm:Lu2O3 
indicated a wide tuning range sufficient to host pulses 
of sub-50 fs duration. Consequently, further experiments 
will be directed towards exploitation of this bandwidth po-
tential for which the combination of Tm:Lu2O3, SWCNT-
SAs and direct diode-pumping appears promising.

UP2: Short pulse amplification, high peak and aver-
age power

Burst mode lasers as photoinjector drive lasers for 
FLASH (DESY Hamburg), PITZ (DESY Zeuthen) and 
the European XFEL

The MBI is responsible for the development of the photo-
cathode lasers for FLASH (DESY Hamburg), PITZ (DESY 
Zeuthen) and the upcoming European XFEL. During the 
past years, we have developed several photocathode la-
sers, which are being used for driving the photo injectors 
of the FLASH FEL and the PITZ installation. 

The most advanced system is our laser at DESY 
Zeuthen that generates shaped ultraviolet pulses. Op-
timization of this pulse shape allows for a significant 
improvement of the emittance of the electron beam 
produced by the photo injector.

The present Yb:YAG laser at PITZ can already produce 
a broad variety of pulse shapes by means of a so-called 
multicrystal birefringent filter. Thus, it can be regarded 
as the predecessor of a photoinjector drive laser for the 
upcoming European XFEL. In order to fulfil the specifica-
tions of a laser for the XFEL, two additional techniques 
have to be developed:

1. A technology for automatically adjusting the pulse 
shaper to produce a flat-top picosecond pulse shape is 
required. This method is also needed for feedback sta-
bilization of the pulse shape. It will facilitate the desired 
stable long-term operation in the production of flat-top 
pulses.

2. The repetition rate in the burst has to be increased 
from 1 MHz to 4.5 MHz, so that the high average beam 
current as specified for the XFEL will finally be achieved.

The above mentioned method for automated setting of 
the pulse shaper parameters requires an upgrade of the 
current cross-correlation technique for high-resolution 
measurement of the shape of the picosecond pulses in 
the	UV	(λ	=	257	nm).	 It	 turned	out	 that	 the	 information	
gained from the measurement of the temporally resolved 
pulse intensity has to be complemented by a simultane-
ous measurement of the phase, respective wavelength 
of the pulses. Such a combination allows for an unam-
biguous extraction of the parameter set for an optimal 
alignment of the birefringent pulse shaper. Therefore, an 
additional cross-correlation FROG (X-FROG) was de-
signed in 2011, that measures the spectrum during the 
pulse with ~0.3 ps temporal resolution. 

The unique burst structure of the pulses generated by 
our photocathode laser faciliates the measurement and 
display of both the temporally resolved spectrum (phase) 
as well as the intensity within the duration of each burst 
via the technique of sequential sampling in a real-time 
manner. A fast line-scan camera is a key component for 
recording the spectrum within each pulse train. Exam-
ples of the resulting measured data are depicted in Fig. 3. 
The upper right measured X-FROG trace in Fig. 3 gives 
a particularly intuitive understanding of the physical situ-
ation. It shows that for a flat-top pulse the shaper has to 
be aligned in such a manner that the spectrum remains 
stable during the whole pulse. The latter is required for 
extending the wavelength of the FELs to shorter wave-
lengths which is under development at DESY.

Fig.	3:  
Top: Measured X-FROG traces; Bottom: Pulse shapes 
recorded by a cross correlator. The left column depicts 
the record for a misaligned pulse shaper, while the right 
column presents the measurements for a well-aligned 
pulse shaper producing flat-top pulses.

Fig.	2:  
SWCNT-SA mode-locked Tm:Lu2O3 laser: 
Corresponding optical spectrum to Fig. 1.
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A larger part of our resources have been spent to in-
crease the repetition rate in the burst from 1 MHz in a 
800 ms long pulse train (the mode presently used at 
FLASH) towards 4.5 MHz (Fig. 4). The latter is the speci-
fication of the European XFEL. To reach that high repe-
tition rate, three improvements had to be implemented 
in the system. First, the previously used regenerative 
amplifier, which was limited to ~2 MHz repetition rate, 
was replaced by a combination of a fiber and a multi-
pass amplifier. Second, special Pockels cell drivers that 
can operate with a burst frequency higher than 5 MHz 
were constructed. The third task is the development of a 
power amplifier that generates an average power level of 
450 W during the burst instead of the ~100 W delivered 
by the previous design. This challenging task implies a 
complete redesign of the final three amplifier stages to 
limit the impact of thermal effects in the laser crystals 
to an acceptable level. It is therefore essential to pro-
vide the desired stability of the final UV laser beam with 
respect to the pointing and beam profile. We expect that 
this redesign of the power-amplifier will be finished in 
summer 2012. Thus a complete laser fulfilling the specifi-
cations of the European XFEL will be installed and tested 
at PITZ in the second half of 2012. 

High-Field Ti:Sapphire Laser

The upgrade of the High-Field Ti:Sapphire Laser (HFL, 
project 4-2) for a dual-beam laser system with 100 TW 
and 70 TW arms was successfully completed and the 
laser system was tested for operation. The scheme of 
the laser is shown in Fig. 5. It contains a high contrast 
front end (Annual Report 2010) followed by a nonlinear 
temporal filter. The latter uses a third order nonlinear 
process for the generation of cross-polarized waves 
(XPW) to suppress amplified spontaneous emission 
(ASE). As nonlinear medium a CaF2 crystal of 2 mm 
thickness is applied. Despite that the XPW process 
can be saturated to reach the conversion efficiency of 
~14 %, this leads to a spatially variable distribution of 
spectral content within the XPW mode. The efficiency 
of the XPW process was limited to 8 % to profit from a 
high quality beam mode of the seeded pulse with nearly 
uniform spectral distribution of the ~80 nm bandwidth 
(FWHM) over the beam aperture (Fig. 6). The front end 
seeds both arms of the HFL laser system using a single 
temporally clean XPW seed pulse. This allows for an 
automatic time synchronization of both arms of the 

laser system. Measurements of the temporal contrast at 
10 Hz repetition rate in both arms of the laser system after 
passing the compressor units are shown in Fig. 7. The 
third-order cross correlation measurements delivered 
the following values: ASE temporal contrast of 5 x 1010 in 
Arm II (limited by the regenerative amplifier) and 1011 in 
Arm I that equals in fact the limit of the dynamic range of 
the cross-correlator. Thus, we are convinced that we did 
not reach the depth of the ASE level and the temporal 
contrast exhibits a value higher than 1011. The current 
results show that the temporal contrast at the exit of the 
HFL laser continues to grow nearly linearly with the seed 
energy even for the output power of 100 TW (Fig. 8). 
For the 10 Hz mode of operation further improvement 
of the ASE temporal contrast can be achieved with 
increasing the energy of a temporally clean seed pulse. 
The damage threshold of the stretcher (conventional 
Offner type) might limit the maximum possible ASE 
contrast of double-CPA systems (without additional 
cleaning by the plasma mirrors) to a value of 1015. 

Further improvement of the temporal contrast and 
steepening the leading front of the laser pulse can be 
achieved with an additional set of two plasma mirrors, 
but with the constraint of single shot operation. For the 
HFL laser in this case the temporal contrast can exceed 
1014, which is out of the range of current dynamics of the 
cross-correlator used for diagnostics of the pulse shape 
and thus can not be measured directly. 

Fig.	4:  
Transition from the FLASH operation mode to the 
XFEL mode requires an increase of the laser power 
during the burst of 4.5 MHz. Left: FLASH mode: En-
velope of the bursts containing 800 pulses at 1 MHz 
repetition rate. Right: XFEL mode: Bursts containing 
2700 picosecond pulses with 4.5 MHz repetition rate. 

Fig.	6:  
Spatio-spectral distribution of the signal after the XPW 
temporal filter seeded both power amplifiers. 

Fig.	5:  
Scheme of the dual beam HFL Ti:Sapphire laser.  
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Measurement of the peak pulse intensity at the focal 
spot is an important issue in laser-matter interaction 
investigation. Currently there are no reliable methods 
for direct measurement of the intensity with values close 
and above the relativistic level. Usually it is estimated 
based on the measured values of the pulse energy, 
pulse duration and estimating the transverse size of the 
focal spot. Since at relativistic intensities and above in 
addition the beam waist typically lies in the range of 
a few wavelengths, the beam profile in the focal point 
can not be measured directly with sufficient accuracy. 
During the last two years the MBI in collaboration with 
the General Physics Institute, Moscow developed a 
theoretical approach aimed to a direct measurement of 
the maximum laser intensity reached in the focal spot. 
The proposed method is based on the measurement 
of energy spectra of electrons accelerated by the laser 
radiation and ejected after that from the focal spot. The 
electrons are assumed to be created close to the beam 
waist via an ionization process in a low-density gas 
target (residual gas in the interaction chamber). Motion 
and acceleration of an electron in the field of a short 

relativistic intense laser pulse is considered by using 
Newton’s relativistic equation with the Lorentz force. 
The laser radiation of the focused beam is assumed 
to have a Gaussian transverse distribution. Within this 
theoretical model the analysis of the electron spectra 
at two slightly different levels of the pulse energy 
(assuming the same transversal distribution and 
pulse duration) allows to evaluate simultaneously the 
maximum intensity and the size of the beam waist. 

Experiments on validation of this method at the HFL 
laser system are scheduled for the second half of 2012.

UP3: High repetition rate CPA thin disk laser system 
of the Joule class

The activities of this project are sub-divided into two parts: 
 
a)  Development of a new high-power thin-disk laser  
  with a pulse energy exceeding 1 J.  
b)  Utilization of the existing thin-disk laser as pump for  
  scientific applications.

a)  Development of a new high-power thin-disk laser  
  with more than 1 J pulse energy

This project is a cooperation between the MBI and the 
Ferdinand Braun Institute (FBH) in order to develop the 
technology for innovative diode-pumped solid-state la-
sers of high average power and pulse energy. During 
the first year of this EFRE-financed project we have con-
centrated on establishing the following infrastructure and 
equipment for setting up a larger diode-pumped solid-
state Yb:YAG laser. 

•	 A new laser laboratory with clean-room like conditions 
 was set up for the new laser system.

•	 A clean room for the preparation of thin disks was 
 installed. This room has been equipped with diagnostics 
  for measuring the quality and the shape of the disks 
  assembled at the MBI.   
 This clean room is one of the pre-requisites for prep- 
 aration of disks with 25 mm diameter. As our previ- 
 ous experiments have shown, this diameter is required 
 to overcome the present energy limitations originating 
 from the damage thres old of the currently used 
 disks with 17 mm diameter. The accompanying in- 
 crease of the beam diaeter with 25 mm disks should  
 allow a pulse energy of up to 2 J. 

•	 Besides the development of larger disks, the laser am- 
 plifier itself has to be planned and set up. The CPA 
 system is simulated, gratings are ordered and the 
 front-end is being set up.

•	 Novel pump diodes with 1.6 kW peak power at 20 % 
 duty cycle were developed at the FBH and packaged 
 at Jenoptik Laserdiode GmbH. The first diodes of this 
 type were installed in our laser laboratory. 

Synchronization between driver lasers and seed-pulse 
oscillators are essential for OPCPA systems generating 
femtosecond and sub-femtosecond pulses. Therefore, 

Fig.	8:   
Dependence of the temporal contrast for double-CPA 
HFL laser on the seed energy. For high-repetition rate 
(10 Hz) operation further improvement of the ASE 
contrast requires higher seed energy. 

Fig.	7:   
Temporal contrast measured after both arms of the 
HFL laser. The pedestal measured in the first arm  
(10-11) equals the depth of dynamic range of the  
applied third-order cross correlator.
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we have set up an electronic RF clock scheme bound 
to a digital trigger system. This electronic setup pro-
vides phase-stable RF signals of 1.3 GHz, 50 MHz and 
10 MHz repetition rate and a number of programmable 
triggers that are precisely synchronized to the RF fre-
quencies. The described synchronization scheme is 
based on technology that was initially developed for use 
at linear accelerators and FELs at DESY and HZB. Un-
der appropriate laboratory conditions, the system with 
the present Yb:KGW laser oscillator achieves a synchro-
nization accuracy of <0.05 ps phase noise, the slow drift 
is less than 1 ps/hour. The general setup of the elec-
tronics will also facilitate integration and synchronization 
of additional short-pulse laser oscillators by electronic 
means and therefore opens up the possibility for pump-
ing complex OPCPA systems for generation of femto-
second and attosecond pulses.

The front end contains an Yb:KGW oscillator, a pulse 
picker, the grating stretcher and a Yb:KGW regenerative 
amplifier (Fig. 9). The output pulses of the Yb:KGW am-
plifier seed the first Yb:YAG regenerative thin-disk am-
plifier. Its disk of 17 mm diameter is pumped by a fiber 
coupled laser diode of 1.7 kW peak power. An output 
pulse energy of 100 mJ at 200 Hz repetition rate should 
be reached. Fig. 10 was taken during the assembly of 
this amplifier. One can distinguish the laser head, the 
Pockels cell, the Faraday rotator as well as the polar-
izers for coupling the pulse in and out of the regenerative 
amplifier.

b)  Utilization of the existing thin-disk laser as pump for 
  scientifi	c	applications	

This part of the project deals with the application of the 
laser developed in the previous years for driving X-ray 
sources and as a pump source for a new femtosecond 
OPCPA system. Please refer to the corresponding pro-
jects 3-04 and 4-2 for further information.

Fig.	9:  
Graphical user interface for controlling the Yb:KGW front end for the high-power thin-disk laser.

Fig.	10:  
Assembling a regenerative thin-disk amplifier with a 
pulse energy of 250 mJ at 100 Hz repetition rate in 
the new laser lab.
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In addition, the system is used for test runs for develop-
ments to be integrated into the new laser system. During 
2011, several commercial 25-mm diameter Yb:YAG thin 
disks soldered on the heat sink were tested. It turned out 
that the performance of the commercial disks was not yet 
sufficient for our application. Although the Yb:YAG disk 
manufacturer is working on improving the performance 
of the disks, we are currently developing in-house tech-
niques for contacting thin disks to the heat sink.

MBI is interested in making its knowledge available to 
cooperation partners. In this context, a unique regenera-
tive amplifier was designed and built for the Institut de 
la Lumière Extrême (ILE) in Palaiseau (Paris). The am-
plifier operates at 100 Hz repetition rate with an output 
pulse energy of 200 mJ. It contains a thin-disk pump-
ing unit and appropriate pump diodes from Trumpf Laser 
GmbH. This guarantees a compact setup with the option 
to further increase the repetition rate. The MBI thin-disk 
regenerative amplifier is used as a pump source for the 
optical-parametric amplifiers (OPAs) in the ILE laser 
system. During the next years, this laser will become a 
major component of the APOLLON 10 PW laser, a pro-
totype for the ELI laser system.

Another part of this project is also a thin-disk amplifier, 
which was installed at the BliX laboratories in 2010. We 
have ensured regular maintenance of the laser system, 
keeping it operational during 2011. The laser was ap-
plied for driving a plasma X-ray source at BLiX. The gen-
erated soft X-rays will be used in X-ray absorption (NEX-
AFS) and fluorescence (XRF) applications for analytical 
purposes (see project 4-2). 
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1. Overview

The project is concerned with highly ionized dense plas-
mas produced by intense, short-pulse laser irradiation. 
Long-term objective is investigation and optimization of 
the dynamics underlying laser-plasma particle accelera-
tors. Future research will be based on MBI’s new high-
field laser infrastructure (project 4-22) with two optically 
synchronized, 10 Hz ultra-high intensity lasers, employ-
ing ultra-high contrast and pulse power and duration of 
presently 100 TW/25 fs and 40 TW/35 fs, respectively. 

The project has two major objectives which are pursued 
in two topics: 

a) The part on relativistic plasma dynamics focuses on 
the investigation of laser driven ion/proton acceleration. 
Research concentrates on the detailed study of energy 
transfer processes in relativistic plasmas, including ef-
fects of collective electron motion in ultra-strong laser 
fields. Combination of different target structures and la-
ser parameters has led to the identification of new laser 
acceleration processes. Recent breakthrough results 
have been obtained in the efficiency, ion monochromacy 
and scaling laws towards higher ion energies as a basis 
for future technologies and applications. 

MBI is part of the national DFG TRANSREGIO TR18 
collaboration, comprising the major German laborato-
ries in the field of relativistic plasma dynamics. There, la-
ser driven ion acceleration is being studied over a wide 
range of laser parameters, with applications in plasma 
physics, astrophysics, and nuclear physics.

Within the second period of TR18 (started in July 2008) 
the new 2 beam Ti:Sapphire laser facility has been set 
up in 2010 and will enable more complex pump-probe 
experiments than before. During 2011 the complete ex-
perimental infrastructure (cf. 4-22) came into operation 
and experiments with the 40 TW and 100 TW-laser were 
performed.

This system will provide the experimental base for novel 
particle acceleration and short wavelength radiation ex-
periments. The achievable higher intensities of the order 
of 1020 W/cm2 allow to investigate more in detail radiation 
pressure dominated processes. New target systems, as 
e.g. mass-limited targets and ultra-thin foil targets, are in 
the focus of ion acceleration research because of higher 
energy transfer efficiency. Further progress has been 
achieved with ultra-thin foils which consist of two atomic 
species, carbon and hydrogen. The experiments relying 
on temporal pulse cleaning (contrast improvement) with 
unprecedented values due to a combination of a newly 
developed XPW-frontend (cf. research in 1-02) and a 
double plasma mirror at MBI. Production of nanometer 

thick plastic-targets at MPQ/LMU (our cooperation part-
ner in TR18) – has also triggered significant advance in 
radiation pressure acceleration of ions. Other specific, 
mass-limited, target systems are a topic in Laserlab ac-
cess campaigns. Here we found a target configuration 
for fast negative ions and could suggest a formation 
mechanism. In recent comprehensive experiments we 
could confirm our hypothesis and the currently ongoing 
data analysis will provide quantification of the relevant 
processes. 

b) The second topic is electron acceleration as a fu-
ture major research direction, starting in 2012. The 
necessary laboratory infrastructure (heavily radia-
tion shielded area) has been erected in parallel to the 
new lasers. In combination this will allow novel stag-
ing experiments in electron acceleration. Generally, 
development of acceleration schemes for stable elec-
tron beam parameters is a the key issue for new bril-
liant X-ray   sources and electron accelerators.   
Until 2010 an additional sub-project was concerned 
with research on laser-plasma “X-ray lasers”. This re-
search has been discontinued at MBI. Scientific utili-
zation of the results within a new and unique user fa-
cility is embedded in project 3-04 (application of short 
wavelength radiation) and it will be reported there.  
 
 
 
2. Subprojects and collaborations  

 
UP1: Relativistic laser plasmas and ion accelera-
tion 

Collaborations: Univ. Düsseldorf, Univ. Jena, LMU 
München, MPQ Garching: Joint projects within the 
national TRANSREGIO TR18, project supported by the 
DFG; Prof. Tikhonchuk, CELIA, Université Bordeaux 
1, France, plasma theory; Prof. Hartmut Ruhl, LMU 
München, plasma theory; Prof. Arie Zigler, Hebrew 
University, Jerusalem, experiment; Dr. Sargis Ter-
Avetisyan, Queen‘s University Belfast, UK, experiment; 
Dr. Paul Gibbon, Jülich Supercomputing Center.  
In-house-collaborations with projects 1-02, 2-02, 3-04, 
4-22.  

UP2: Electron acceleration

Anticipated future collaborations: Prof. W. Leemann, 
Lawrence Berkley National Laboratory, USA. In-house 
collaborations with projects 1-02, 3-04.

2-01: Laser Plasma Dynamics
M. Schnürer, S. Steinke (project coordinators) 
and F. Abicht,  A. A. Andreev (also at Vavilov State Optical Institute, St. Petersburg, Russia), J. Bränzel, C. Koschitzki*,  
G. Priebe, T. Sokollik* (*during 2011 at Lawrence Berkley National Laboratory, USA)
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3. Results in 2011

Ultra-thin foils

The radiation pressure dominated acceleration (RPA) is 
one of most promising schemes in the field of laser-ion 
acceleration since it is capable of generating monoener-
getic ion bunches with enhanced efficiency. 

Based on our results of 2009 and 2010 (where we 
demonstrated principally, the experimental feasibility of 
RPA) we developed a method to measure the plasma 
density during the ion acceleration process. Further, we 
demonstrate that a two-component target is capable of 
stabilizing the acceleration itself.

The key to efficient RPA is to suppress the heating of 
the target electrons and carefully control of the target 
surface areal density [SSS11]. Surface harmonic gen-
eration in the Coherent Wake Emission (CWE) Regime 
in transmission of nm-scale foil targets allows detailed 
studied of the plasma density when the peak of the driv-
ing laser interacts with the target by analysing the spec-
tral cutoff of the harmonic spectra [HSH11]. 

The presented method allows the non-invasive extrac-
tion of the target density which is of utmost interest for 
optimization of RPA.

Very recently, we studied the impact of a two compo-
nent target (provided by our TR18 collaboration partners 
from MPQ and LMU in Garching) on the stability of RPA. 
We found that an increased fraction of Hydrogen atoms 
in the target (compared to our previous studies with an 
almost pure carbon target) results in an early separa-
tion of heavier carbon ions and lighter protons under 
the influence of the incident laser pulse. This separa-
tion creates a stable interface that is maintained beyond 
the end of the interaction, yielding a well collimated, 
accelerated proton layer. The obtained stabilisation is 
twofold: Firstly, the establishment of such an interface 
constitutes a stable electron-ion dynamic (non-thermal) 
and secondly, the acceleration becomes less fluctuating 
i.e. the ion spectra exhibit a high shot-to-shot stability in 
energy and number of accelerated particles. 

In the experiment this is expressed as spatially and en-
ergetically separated protons and carbon ions that ac-
cumulate to pronounced peaks around 2 MeV containing 
as much as 6.5 % of the laser energy. These spectral 
characteristics are seen for several target thicknesses 
and two laser pulse duration (cf. Fig. 2). However, the 
gap between the maximum C6+ energy and the minimum 
of the protons varies as well as characteristic energy of 
the interface with the target thickness deployed. At an op-
timum target thickness of 25 nm (in case of a laser pulse 
with duration 34 fs) this gap is almost closed and the high-
est energies were obtained coincidently. At this optimum 
thickness the acceleration can be analytically modelled 
as dominant RPA, where the laser energy is transferred 
to the target by the relativistic Doppler Effect. 

MeV negative ion generation from intense laser interac-
tion with a water spray

At	 fi	rst	 glance	 the	 generation	 of	 negative	 ions	 from	 a	
laser driven plasma source seems counterintuitive be-
cause the interaction of intense laser pulses with matter 
creates dominantly positive ions and electrons. Nega-
tive ions are very fragile and the weakly bound outer 
electron	can	be	easily	removed	by	strong	fi	elds	acting	in	
a plasma. Thus, the survival rate of negative ions would 
be extremely low. Nevertheless, we observed a high 
number of negative oxygen ions O1- and very recently 
also C1- and H1-	 from	 laser	 interaction	with	 a	 specifi	c	
spray target system (MBI-patent). The obtained low 
emittance and high peak brightness of the ion beams 
represent values that are hardly accessible with usual 
plasma discharge sources used in conventional accel-
erator technology.

Fig.	1:   
(a) Model of an exponential foil expansion. The result-
ing densities and cutoff harmonics as a function of the
target thickness are shown in (b). The blue line in (b) 
corresponds to the density expected from an expo-
nential expansion with a scale length of L=16 nm on 
each side.

Fig.	2:  
Measured proton (blue) and carbon6+ (red) spectra 
generated using circularly polarized laser pulses with 
durations 34 fs (a-c), 70 fs (d-f) and target thicknesses 
of 20 nm (a + d), 25 nm (b + e) and 50 nm (c + f). 
To compare the velocities of the individual ion species 
the energy scale is given in MeV per atomic mass 
unit u. The low energy cutoff of the proton spectra is 
due	to	the	detector	edge	which	was	modifi	ed	in	the	
case of (b) to resolve the low energy part of the proton 
trace. The dashed lines illustrate the development of 
the particular maximum.
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In the experiment an intense (up to 5 x 1019 W/cm2) 35 fs 
Ti:Sapphire-laser pulse interacts with a cloud consisting 
of ~1011 droplets per cm-3 extended over 2 mm. Single 
droplets have a size of about 150 nm. The laser pulse 
creates an ionized channel in the cloud and therefore the 
interaction of the fast ions that leave the cloud becomes 
possible in two regions. Ions propagating along the laser 
direction interact mainly with a plasma. Ions with a sig-
nificant	velocity	component	perpendicular	to	the	plasma	
channel pass the undisturbed cold part of the spray vol-
ume. Only these ion trajectories are seen to generate 
a negative ion signal such that almost similar branches 
of O1- and O1+ distributions were detected while higher 
positive charge states are bleached out. The strength of 
this	effect	could	be	influenced	by	the	focus	position	and	
hence the interaction length of the ions. Fig. 3 shows an 
example where O1- generation and the effect of charge 
redistribution of the positive ions is visible [TRB11].

The fast ions stem from the exploding tiny droplets. Sim-
ilar to a Coulomb explosion the trajectories of the ions 
cover all radial directions and the two different cases 
mentioned above can be investigated. Generation of 
negative ions is ascribed to electron-capture processes 
that the laser-accelerated high-energy positive ion expe-
riences when it interacts with target atoms in the spray. 
Estimates on basis of rate equations and partly known 
cross-sections demonstrate that the process of electron-
capture by the fast positive oxygen ions colliding with 
the neutral oxygen atoms in a cold spray can explain the 
formation of fast negative ions in our experiment. 

The chain of reactions of this mechanism implies the 
existence of a large number of fast neutral oxygen atoms 
with MeV energies. In order to quantify the reaction 
processes in detail a new LASERLAB EUROPE campaign 
with the Queens University of Belfast has been started at 
the end of 2011 and continued until beginning of 2012. 
This successful continuation of the previous experiments 
gives now proof of fast neutrals and data analysis will 
reveal relevant cross-sections. During this campaign we 
used the 100 TW and 40 TW laser of the MBI High Field 
Laboratory in the new Bunker-lab area which allowed 
already a large shot number being not limited due to 
safety issues of secondary ionizing radiation.

Theory	on	efficient	generation	of	fast	ions	from	surface	
modulated	nanostructure	targets	and	specifics	of	ion	en-
ergy scaling in regard to the thickness of thin foils

Conversion of laser pulse energy into kinetic energy of 
particles is the central problem in laser driven ion ac-
celeration. In the majority of laser-target interaction 
schemes, e.g. irradiation of a plane foil and initiating 
target Normal Sheath acceleration (TNSA), laser ab-
sorption leads to a substantial electron heating inside 
the target. These electrons leave the target and they 
are	producing	a	huge	electrostatic	field,	which	acceler-
ates ions from a plasma vacuum interface to high kinetic 
energies. Although the absorption of laser radiation can 
reach already several tens of percent there are still con-
siderable possibilities to maximize this process. 

Several of our theoretical research activities were aimed 
to study methods on how the absorption of intense fem-
tosecond laser pulses can be increased. As a promising 
candidate	very	thin-foil	targets	with	a	specific	structured	
surface on the side of the laser-illumination were inves-
tigated. Parameters as e.g. groove size, periodicity and 
dimension of the bulk material have been optimized in 
order	to	increase	the	laser	absorption	and	finally	the	en-
ergy of fast protons. It is especially shown that a struc-
ture with a grating constant below the laser wavelength is  
capable	of	increasing	the	laser	absorption	significantly.	

The	optimum	structure	parameters	 for	efficient	 ion	ac-
celeration are estimated numerically by particle-in-cell 
simulations and then corroborated by analytical model 
calculations. We found that for an effective acceleration 
of ions the occupied volume of a structure cell should be 
less than the volume of the substrate foil considering a 
similar lateral cell extension. 

Fig.	3:   
Ion spectra from laser-exposed droplets in a water-
spray emitted perpendicular to laser propagation 
direction	and	having	a	flight	path	through	ambient	
non-ionized spray matter: a) the colour picture shows 
Thomson-parabola traces of positive and negative  
oxygen ions and protons. The bright circle in the 
centre is formed by neutrals and energetic photons 
moving along the axis of the spectrometer. Scan of 
the energy distribution of b) negative and c) positive 
oxygen ions and protons. 
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To redirect the additionally absorbed laser energy to the 
kinetic energy of protons rather than ions, it is neces-
sary to use a heterogeneous target. We have studied 
the stability of target surface structures and have shown 
that degradation of the structures by ambipolar electric 
fi	eld	 generation	 at	 the	 target	 surface	 is	 the	 most	 im-
portant	factor.	Interaction	and	effi	cient	 ion	acceleration	

schemes with structured and very thin foil targets are 
only	applicable	if	a	suffi	ciently	high	temporal	contrast	of	
the laser pulse is given. We anticipate an ASE-level at 
the order of 1010 W/cm2 at a temporal duration of less 
than one nanosecond [AGK11, AKP11, API11].

Theoretical research is also continued concerning in-
tense laser pulse interaction with ultra-thin foils. This 
topic is currently in focus of several experiments as 

outlined above. An analytical model was improved 
further which is based on a self-consistent solution of 
Poisson’s	 equation	 for	 the	 accelerating	 electric	 fi	eld	
and the equation of motion for the expanding ion front. 
In comparison to previous model versions, a so-called 
quasi-neutrality condition for thicker targets is taken into 
account. This condition describes the target volume be-
tween the plasma layers at the foil front and back side 
as non-ionized (non-plasma) matter. This assumption 
infl	uences	 the	 overall	 charge	 distribution	 and	 hence	
the resulting energies of the ions being accelerated at 
the plasma-vacuum interface. In different experiments 
a slow increase of maximum proton energies with de-
creasing target thickness was found when the target 
transparent mode was not accessed. This behavior is 
consistent with the developed analytical model [PAT11].

Own Publications 2011 ff  
(for full titles and list of authors see appendix 1) 

AGK11: A. A. Andreev et al.; Quant. Electron. 41 (2011) 
729/1-7

AKP11: A. A. Andreev et al.; Phys. Plasmas 18 (2011) 
103103/1-5

APl11: A. A. Andreev et al.; SPIE Proc. Ser. 8079 (2011) 
80790P

HSH11: R. Hörlein et al.; Laser Part. Beams 29 (2011) 
383-385

PAT11: R. Prasad et al.; Appl. Phys. Lett. 99 (2011) 
121504/1-3

PSG11: T. Paasch-Colberg et al.; Nucl. Instrum. Meth. A 
Proc. 653 (2011) 30-34

SAS11: M. Schnürer et al.; Laser Part. Beams 29 (2011) 
437-446

Fig.	4:  
First – geometry of the target structure. 
Second	–	PIC	simulation	of	the	electric	fi	eld	strength	in	units	of	the	laser	fi	eld	shows	a	clear	enhancement	at	the	target	
rear	surface	in	comparison	to	a	non-structured	fl	at	foil.

Fig.	5:  
Calculation of geometry parameter (cf. above) for 
maximum proton energies as function of laser inten-
sity: optimum distance d2 (green line), optimum width 
d1(red line) and optimum height h (blue line). 
The values d1,2 and h are shown in units of the laser 
wavelength. The function d1 is plotted for ne/ncr ~100.
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1. Overview

The general objective of this project is to understand the 
connection between electron-electron correlation and 
dynamics in the interaction of strong laser fields with 
isolated particles (ions, atoms, molecules). The prevail-
ing experimental method is detailed fragment spectros-
copy in order to explore the limits of existing theoreti-
cal models. Specifically, this includes the influence of 
molecular structure on multi-electron dynamics, the yet 
unexplored transition regime between multi-photon and 
single photon double ionization, the electron dynamics 
on the single- and sub-single-optical cycle time scale as 
well as multiple ionization of atoms and ions at relativis-
tic light intensities. Tools to realise these objectives are 
few-cycle pulses with stabilized and adjustable carrier-
envelope phase, ultra-short high-order harmonic light 
pulses, relativistic laser intensities, and ionic trapped 
targets. The experimental work is accompanied and 
augmented by theory.

One of the main “house specialties” of the junior theory 
group is the new spectroscopic method – high harmonic 
spectroscopy of multielectron dynamics in molecules. 
Both structural and dynamical information about a mol-
ecule are present in high harmonic spectra – disentan-
gling them is one of the key challenges. We have made 
substantial progress in this direction in 2010/11 by ex-
tending high harmonic spectroscopy to mid-infrared laser 
drivers. Our joint theoretical and experimental work has 
revealed and identified the interplay between structural 
and dynamical interferences responsible for unusual 
variations in the harmonic spectra. It has shown how re-
cording broad harmonic spectra across the full region of 
structure-related minimum for a range of laser intensities 
provides the window into recording attosecond multi-elec-
tron dynamics, while revealing the structural features.   

2. Collaborations

Collaborations	 with G. G. Paulus (Friedrich Schiller 
Univ., Jena), D. B. Milošević (University of Sarajevo, 
Bosnia and Herzegovina, Volkswagen Stiftung-suppor-
ted project), C. Faria (City College London, UK), S. V. 
Fomichev (Kurchatov Institute, Moscow, Russia), S. P. 
Goreslavski, S. V. Popruzhenko (Moscow Engineer-
ing Physics Institute, Russia, DFG-supported project), 
A. Saenz (HU Berlin), Y. Mairesse (CELIA, Université 
Bordeaux, France), S. Patchkovskii (NRC Canada), N. 
Dudovich (Weizmann Institute, Rehovot, Israel), M. Yu. 
Ivanov, J. Marangos (Imperial College, London, UK), A. 
Emmanouilidou (University College London, UK), X. J. 
Liu (Wuhan, Chinese Academy of Sciences, China), 
J. H. Eberly (Univ. of Rochester, USA), J. Chen (Peking 
Univ., Beijing, China).

In-house collaboration with project 2-01, the HFL and 
femtosecond application laboratories, N. Zhavoronkov, 
G. Steinmeyer.      
 
 
3. Results in 2011  
 
Non-adiabatic ionization in circularly polarized laser 
fields  

Most theories on electron tunneling in strong laser fields 
are based on adiabatic approximation. It is commonly 
assumed that the electron does not feel the change of 
the low-frequency laser field during ionization since the 
ionization time is usually shorter than the period of a la-
ser cycle, or in other words, the Keldysh parameter g is 
near zero. However, for typical experimental conditions, 
the Keldysh parameter is often in the non-adiabatic tun-
neling regime, i.e. g  ~ 1. The adiabatic-based interpreta-
tion of these experiments quickly becomes inaccurate in 
this regime. In particular, we showed that for tunneling in 
circularly polarized fields the sense of electron rotation 
becomes important, with electrons counter-rotating with 
the field tunneling more readily than co-rotating.

Motivated by the recent experimental work on real-time 
observation of electron motion in the valence 4p shell 
of krypton atoms [GLW10], we established the theory 
for the ionization of p orbitals in strong circularly polar-
ized laser fields. In adiabatic picture, all theories predict 
that the ionization rates from different ring-current carry-
ing p+ and p- orbitals are identical. Therefore one usu-
ally concludes that there is no generation of electronic 
ring currents in ions [BMa07, BMa10] during ionization 
in low-frequency fields. But in the non-adiabatic picture, 
this prediction is completely wrong. We showed that the 
ionization rates for p+ and p- orbitals in circularly polar-
ized laser fields are completely different, by the ratio up 
to one order of magnitude for typical experimental pa-
rameters. This asymmetry then leads to the generation 
of electronic ring currents in ions.

We revisited the theory of strong-field ionization of at-
oms developed by Perelomov, Popov, and Terent’ev 
(PPT) [PPT66, PPT67]. The original PPT theory in-
cludes explicit results only for ionization of s orbitals in 
circularly or in general elliptically polarized laser fields. 
We extended the PPT approach to valence p0, p+ and 
p- orbitals in circularly polarized fields [BSm11, BSm12]. 
The important extension of the theory is the introduc-
tion of the so-called tunneling momentum angle f±(ti) at 
(complex) ionization time ti depending on right (+) or left 
(-) circular polarization. For p+ and p- orbitals with azi-
muthal quantum numbers m = ±1, there is an additional 
factor |exp(imf±(ti))|2 in the formula for ionization rates, 
which is not equal to unity because the tunneling angle 

2-02: Ionization Dynamics in Intense Laser Fields
W. Becker, U. Eichmann, H. Rottke (project coordinators)
and	M.	Baggash,	S.	Eilzer,	H.	Geiseler,	D.	B.	Milošević,	H.	R.	Reiss,	A.	Rouzée,	A.	von	Veltheim,	H.	Zimmermann
O. Smirnova (project coordinator, junior theory group)
and I. Barth, A. Harvey, F. Morales Moreno, M. Richter, Z. Walters
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φ±(ti) is non-zero and complex. This factor leads to the 
difference of ionization rates for p+ and p− orbitals.

The results for ionization rates for p orbitals depending 
on the laser amplitude E and frequency ω can be writ-
ten

 in the simple form as

where Cκl=1 is the wavefunction constant for p orbitals, 
Ip is the ionization potential, E0 = (2Ip)3/2, and g(γ) is the 
Keldysh exponent defined as

The prefactors h(γ) for p0 and p± orbitals are

where

 

is the prefactor for s orbitals [PPT66] and ζ0 is the solu-
tion of the transcendental equation

Fig. 1 shows the result of the ionization rates for 4p orbit-
als of the krypton atom (Ip = 0.5 a.u.) and for laser am-
plitude E = 0.06 a.u. of the right (+) circularly polarized 
laser field versus laser frequency. It clearly shows that in 
the non-adiabatic tunneling regime (γ  ~ 1), the ionization 
rates for 4p− orbitals are much larger than the ones for 
4p+ orbitals by the ratio up to 10. It leads to the genera-
tion of the electronic ring current of the 4p+ orbital in the 
krypton ion during ionization. In the adiabatic limit (γ << 1), 
the ionization rates are identical for 4p+ and 4p− orbitals, 
confirming adiabatic-based theories. For 4p0 orbitals, the 
ionization rates are very small because the destructive 
interference coming from phase-opposite lobes of the 
4p0 orbital causes ionization suppression in the polariza-
tion plane perpendicular to the orbital nodal axis.

In conclusion, we derived analytical formulas for ioniza-
tion rates for p0 and p± orbitals in strong circularly polar-
ized laser fields [BSm11, BSm12], extending the famous 
work by Perelomov, Popov, and Terent’ev [PPT66, 
PPT67]. Theories based on adiabatic picture do not pre-
dict asymmetry of ionization rates for p+ and p− orbitals. 
However, for most experimental conditions with circular-

ly polarized laser fields, the electron tunnels through the 
rotating barrier non-adiabatically, leading to very differ-
ent ionization rates for p+ and p− orbitals. For example, 
for krypton atom in strong right circularly polarized laser 
fields, the ionization rates for valence 4p− orbitals are 
larger than the ones for 4p+ orbitals, by the ratio up to 
10. It leads to the generation of electronic ring currents 
in krypton ion, dominated by the valence 4p+ orbital.
 

Imaging the Kramers-Henneberger atom

Today laser pulses with electric fields comparable to or 
higher than the electrostatic forces binding valence elec-
trons in atoms and molecules have become a routine 
tool with applications in laser acceleration of electrons 
and ions, generation of short wavelength emission from 
plasmas and clusters, laser fusion, etc. Intense fields 
are also naturally created during laser filamentation in 
the air or due to local field enhancements in the vicinity 
of metal nanoparticles. Crucially, even moderate laser 
fields with intensities of about 1013 W/cm2, standard in 
many ultrafast experiments, suppress the potential bar-
rier for ionization for all excited states in most atoms and 
molecules, see Fig. 2. The response of such “almost-
free” states plays a key role in a number of recent ex-
perimental surprises, as diverse as (i) the observation 
of the unprecedented acceleration of neutral atoms 
[ENR09] at the rate of 1015 m/sec2 in intense infrared 
(IR) laser pulses at the Max-Born-Institute Berlin and 
(ii) the paradigm-shifting results on the filamentation of 
ultrashort IR femtosecond laser pulses in the air with-
out substantial plasma formation [BKH10]. Both experi-
ments, albeit indirectly, demonstrate the existence of 
stable atoms and molecules in intense IR fields contrary 
to the common expectation that such fields would al-
ways lead to fast ionization of atoms or molecules. We 
show [MRP11] how the electronic structure of these sta-
ble “laser-dressed” atoms, the so-called Kramers-Hen-
neberger (KH) atoms [Hen68], can be unambiguously 
identified and imaged in the angle resolved photoelec-
tron spectra (PES) obtained with standard femtosecond 
laser pulses and velocity map imaging techniques.

The method of photoelectron spectroscopy is, in fact, 
difficult to apply in the regime of superintense fields of 

Fig. 1:  
Ionization rates for 4p0 (green), 4p+ (blue), and 
4p− (red) orbitals of the krypton atom versus laser 
frequency ω for amplitude E = 0.06 a.u. of the right 
circularly polarized laser field.

.
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short laser pulses as its concept requires the knowledge 
of the binding energy of the electron in the atom/mol-
ecule and the number of photons that were absorbed to 
ionize it. If this information is known, the photoelectron 
signal can be related to the corresponding atomic level 
from which the electron was emitted with the help of the 
energy conservation law. However, the identification of 
spectral lines obtained in super-atomic field experiments 
is greatly challenging since the bound and continuum 
states are significantly broadened and shifted and thus 
the level structure of the atom is no longer compara-
ble to that of the field-free atom. Moreover, in strong 
fields of short pulses different multiphoton pathways can 
lead to the same final energy, and in the intense low 
frequency field regime different multiphoton peaks often 
merge and the photoelectron spectrum becomes nearly 
continuous.

However, we show that the conventional spectroscopic 
approach can be recovered thanks to the onset of the 
KH regime: The oscillating potential in the KH frame (the 
reference frame associated with the electron oscillating 
in the laser field, see [Hen68]) can be expanded in a 
discrete Fourier series

Uion(rKH+α(t)ez)=V0(rKH)+ΣnVn(rKH)cos(nωt)	(1),

where V0(rKH) is the time-independent KH potential and 
Vn(rKH)	 (n≠0)	are	 the	harmonics	of	 the	oscillating	 ion’s	
potential, see Fig. 3. For the case that the harmonics of 
the oscillating potential, which are responsible for distor-
tion and ionization of the KH atom, become small, the 
levels of the KH atom and the spatial structure should be 
faithfully reproduced in the photoelectron spectra. The 
fundamental idea is that the standard PES approach 
can be recovered in the KH regime since it provides 
a perturbative framework for super-atomic field ioniza-
tion. On the one hand, the time-independent part of the 
potential of the laser dressed atom (the KH atom) sup-
ports bound states with well-defined binding energies 
(determined by V0). On the other hand, the harmonics 
of the oscillating potential Vn act like a perturbative field 
causing the ionization of the KH atom. However, the KH 
states become physically relevant only under the condi-
tion that just a few harmonics Vn make an appreciable 
contribution to the oscillating potential. If all harmonics 

Vn are strong, none of them can be neglected and the 
separation in Eq. (1) is neither relevant nor beneficial 
since converged results will not be achieved unless all 
harmonics are considered.

To demonstrate that signatures of the KH atom can be 
recorded in strong field PES, the following procedure 
was applied: PES were calculated by means of both the 
full time-dependent Schrödinger equation (TDSE) in the 
laboratory frame and the TDSE in the KH frame for the 
same laser parameters. The key differences between 
the two equations are that (i) in the KH frame only a 
few harmonics Vn will be used and (ii) also in the KH 
frame the calculations start with the KH atom already 
prepared in one of its stationary states. The PES ob-
tained by the full TDSE calculations can then be used 
as a reference for the KH spectra. Our study was done 
for an alkaline atom (potassium), with conditions very 
similar to those in recent experiments [WKK09, SZS11].

As an example Fig. 4 shows the energy- and angle-re-
solved ab-initio PES for potassium interacting with an 
800 nm, 1.4 1013 W/cm2, 65 fs laser pulse (A) as well 
as the PES resulting from ionization of the KH potas-
sium atom probed by the harmonics V1-V5 and initially 
prepared in the KH state 4s (B) and in the KH state 4p 
(C). More detailed comparison is shown in panel (D) for 
electrons ejected along the laser field. It reveals remark-
able agreement between the ab-initio PES and the ap-
proximate KH spectra. More importantly, the spectral 
lines visible in the KH spectra are explicitly relying on 
the existence of the KH atom and are uniquely linked 
to its bound states. Since angle-resolved photoelec-
tron spectra are studied, these spectral lines can be 
unambiguously identified by considering not only the 
number of absorbed photons and the energies of both 
the final continuum state and the initial bound state, 
but also their respective symmetries. We have as-
signed the most prominent lines in the spectrum, see 
Fig. 4D. By comparing the KH spectra with the full 
TDSE spectrum, we have verified that the electronic 
structure of the KH atom can be directly visualized in 
PES experiments and thus that this atom is a relevant 
object in strong fields. Our systematic analysis also 
shows that the KH atom is formed and can be detected 
even before the onset of stabilization [FMo88, PGa90].

Fig.	2:  
The binding potential well without (dashed line) and 
with (solid line) external superatomic electric field.

Fig.	3:  
The sketch of the Kramers-Henneberger potential (left 
panel) and its harmonics (right panel). The coordinate 
dependence of the KH potential V0 and its harmonics 
V1, V2, V3 is shown for a one-dimensional cut through 
the potassium nucleus, along the laser polarization 
direction.
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Our findings open the way to visualizing and control-
ling bound electron dynamics in strong laser fields and 
reexamining its role in various strong field processes, 
including microscopic description of high order Kerr  
nonlinearities and their role in laser filamentation. Al-
though the ionization potential of small molecules in the 
air is higher than that of the potassium atom considered 
here, even moderate laser fields with intensities around  
1013W/cm2 suppress the potential barrier for all excited 
states of these molecules and lead to the formation of 
stable excited KH-states. The presence of these states 
may explain the recent result [BKH10] on filamentation 
without strong ionization and plasma formation. Even 
when the laser frequency is much less than the ioniza-
tion potential, the electron response in the KH states is 
mostly determined by the linear susceptibility of the free 
electron, providing the desired defocusing for the filament 
beam, yet the electron is bound and the plasma is not 
formed. The efficiency of populating the KH bound states 
strongly depends on the temporal structure of the filament 
field and on the duration of driving laser.   
 
 
The	strong-field	approximation	for	atoms,	negative	ions,	
and molecules

The shortcomings of the strong-field approximation 
(SFA), i.e. the neglect of excited bound states and of 
the interaction of the liberated electron with the binding 
potential, do not matter very much for photodetachment 
off a negative ion, which binds the electron through a 
short-range potential that does not possess any excit-
ed bound states. We have focused on the rescattering 
regime where the improved SFA (ISFA) still relies on 
one additional approximation, namely that the scatter- 
ing of the revisiting electron is considered in the first- 
order Born approximation. This is relaxed by the low-
frequency approximation (LFA): it builds on the exact 

(field-free) electron-atom scattering amplitude, which 
has to be calculated in a separate step. For a negative 
ion, the LFA is expected to yield a very good approxima-
tion to photodetachment off a negative ion. This is, in-
deed, borne out in Fig. 5, which compares the ISFA, the 
LFA, and the TDSE [FMB11]. Our current theory also 
includes the consequences of channel closings, which 
depending on the laser intensity strongly enhance some 
regions of the spectrum.

Fig.	4:  	
Direct visualization of the KH atom in the 
photoelectron spectra. pz and pρ are elec-
tron momenta along and perpendicular to 
the laser field, correspondingly. (A) Angle 
and energy-resolved photoelectron spec-
trum for potassium interacting with an  
800 nm, 1.4 1013 W/cm2, 65 fs laser pulse. 
(B) The photoelectron spectrum resulting 
from ionization of the KH potassium atom 
initially prepared in the KH state 4s and 
probed by the harmonics V1-V5. The laser 
parameters	are	λ=800	nm,	intensity	 
1.4 1013 W/cm2. (C) Same as panel (B), 
but for the KH atom initially prepared in 
the KH state 4p. (D) Comparison of ab 
initio photoelectron spectrum (black) and 
spectrum resulting from the ionization of 

the KH atom initially prepared in the states 4s (red line) and 4p (blue line) for electrons ejected along the laser field. The 
most prominent lines in this spectrum are assigned based on the symmetries of the KH bound states and net number of 
absorbed photons. A strong signal coming from the 3d KH state is due to the two-photon population from the initial 4s KH 
state during the turn-on of the KH harmonics.

Fig.	5:  	
False-color representation (covering 1.5 orders of 
magnitude) of the angle-resolved energy spectrum for 
photodetachment of F- by a linearly polarized laser field 
with a wavelength of 1800 nm and intensity of  
1.3 x 1013 W/cm2. For the ISFA and the LFA, the enve-
lope of the spectrum is shown, for the TDSE the ioni-
zation probability for a cos2 pulse of 15 optical cycles 
is presented. ISFA and LFA, in contrast to the TDSE, 
only include rescattered electrons.
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We have continued to explore the potential of the 
SFA for more complicated systems such as mol-
ecules where additional approximations have to be 
adopted. Recent work extended our formalism to het-
eronuclear diatomic molecules [HBB11].   
 
 
Mapping	of	“strong”	field	bound	state	dynamics	to	quan-
tum beats in the photoionization continuum

Quantum beats in the total photoionization yield of an 
atom or molecule are found in case a bound state electron 
wave packet is photoionized using a laser pulse that is 
short compared to the evolution in time of this wavepack-
et. The beating of the photoionization yield reflects the 
energy differences between the bound states that make 
up this wavepacket. These quantum beats have been 
used to trace for example a Rydberg electron on its or-
bit [WNL88] and electron spin precession in coherently 
excited fine structure levels [ZBS00]. The beating is also 
found in the differential photoelectron kinetic energy dis-
tribution. It usually depends critically on the photoelec-
tron’s kinetic energy since the indistinguishable quantum 
paths terminating at different kinetic energies may differ 
[GTL06, MRS10b]. Besides depending on the kinetic en-
ergy of the photoelectrons this quantum beat structure is 
expected to be sensitive to the intensity of the light pulse 
that photoionizes the bound state wavepacket. 

We investigated these dependences of the beating 
in the photoelectron kinetic energy distribution for an 
atomic bound state wavepacket that is photoionized by 
an intense infrared (IR) laser pulse [GRS11]. The model 
system we used was the neon atom. We found that the 
bound state wavepacket dynamics induced by a high 
intensity ionizing laser pulse is mapped into the photo-
electron quantum beats.

The Ne excitation scheme is shown in Fig. 6. The wave-
packet was started by a weak, ultra-short XUV laser 
pulse. It comprised four excited states. With a variable 
delay this wavepacket was photoionized by a high in-
tensity IR pulse. Besides photoionizing the wavepacket 
the IR pulse significantly coupled it to at least one lower 
lying bound state of the Ne atom (Fig. 6). This coupling 
resulted in a substantial modification of the wavepacket 
while it was ionized. It impressed a phase modulation 
on the wavepacket. Moreover, since the coupling was 
not far off resonance, a redistribution of the absolute 
values of the amplitudes of the Ne bound states in the 
wavepacket was induced. The photoionization mapped 
these modifications to the ionization continuum. There 
they became noticeable as a change of the observed 
quantum beat structure in the photoelectron kinetic en-
ergy distribution.

A representative quantum beat pattern in the photoelec-
tron kinetic energy distribution, recorded at a specific IR 
light intensity, is shown in Fig. 7. Depending on the pho-
toelectron kinetic energy up to six beat frequencies show 
up in the delay time dependence of the photoelectron 
yield. The easiest way to reveal them and analyse the 
quantum beat pattern is by Fourier transformation with 
respect to the delay time of the IR laser pulse. The Fourier 
transform directly reveals the beat amplitudes at the dis-
crete contributing beat frequencies. We analysed these 
beat amplitudes at several photoelectron kinetic ener-
gies and IR light intensities [GRS11]. With a quite simple 
theoretical approach, based on the excitation scheme 
in Fig. 6, we were able to model the observed behavior 
of the beat patterns and reveal the influence of the high 
intensity photoionizing IR laser pulse.   
 
 
Time-resolved holography with photoelectrons

We report the experimental observation of holographic 
interference structures based on an experiment where 
metastable Xe atoms are ionized using 7 μm radiation 
from the FELICE FEL at Rijnhuizen in the Netherlands 

Fig.	6:   
Schematic view of the investigated photoionization 
mechanism. An XUV pulse excites Ne atoms to a co-
herent superposition of states |fi 〉. An IR pulse couples 
this wavepacket to a lower lying state |f1〉 while ion-
izing the system at the same time. As the inset shows, 
quantum beat oscillations occur in those regions of the 
photoelectron kinetic energy distribution that can be 
reached via more than one quantum path from the Ne 
ground state |f0〉.

Fig.	7:   
2D-plot showing the dependence of the photoelectron 
kinetic energy distribution on the delay of the IR pho-
toionization laser pulse with respect to the XUV pulse 
that starts the wavepacket.
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(see Fig. 8). 2D photoelectron momentum maps are 
measured using a velocity map imaging spectrometer 
integrated into the FEL cavity [HRG11]. Under the in-
fluence of the FEL the outgoing electron is accelerated 
along the polarization axis and can be driven back to its 
parent ion before reaching the detector. On its way back 
towards its parent ion, the electron can strongly interact 
with the ionic core or be only weakly affected. We show 
that an interference between a scattered electron wave 
that correspond to electron trajectories that strongly inter-
act with the ionic core and experience Coulomb focusing 
and a reference electron wave that corresponds to elec-
tron trajectories that only weakly interact with the ionic 
core occurs. The imprint of this interference in the photo-
electron angular distribution can be seen as a hologram 
pattern from which one can retrieve information about 
the atomic or molecular target. The effect of wavelength, 
pulse duration and intensity on the holographic pattern 
are studied both experimentally and theoretically using 
various models based on generalized strong-field ap-
proximation (gSFA), the Coulomb-corrected strong-field 
approximation (CCSFA) and also by numerically solv-
ing the time-dependent Schrödinger equation. We show 
that the photoelectron holograms resulting from strong 
field ionization is robust for a wide range of parameters 
in the mid-IR wavelength regime [HGS].  

Routes to formation of highly excited neutral atoms in 
the Coulomb explosion of H2

Using a quasiclassical treatment we investigate the for-
mation of highly excited neutral atoms in the Coulomb 
explosion of H2 in strong laser fields [ELS]. The recap-
ture of one electron in this process was recently experi-
mentally demonstrated [MNG09]. We identify two path-
ways of H* formation which have distinct traces in the 
probability distribution of the momentum components of 
the escaping electron (Fig. 9). In pathway A one elec-
tron ionizes early in the field pulse and escapes, while 
the second electron tunnel ionizes at a later time, but is 
recaptured to form a neutral fragment. In pathway B it is 
the first ionized electron that is finally recaptured. To cor-

rectly account for all pathways leading to H* formation 
two-electron effects need to be considered.   

Own Publications in 2011 
(for full titles and list of authors see appendix 1)

BHS11: X.-B. Bian et al.;  Phys. Rev. A 84 (2011)
053427/1-8 

BSm11: I. Barth and O. Smirnova; Phys. Rev. A 84 
(2011) 063415/1-5   

FMB11: B. Fetic et al.; J. Mod. Opt. 58 (2011) 1149-1157
 
GRS11 H. Geiseler et al.; Phys. Rev. A 84 
(2011) 033424/1-11   

HBB11:	 E.	 Hasović	 et al.; Phys. Rev. A 84 (2011) 
063418/1-9    

HRG11: Y. Huismans et al.; Science 331 (2011) 
61-64     

HTe11: A. G. Harvey and J. Tennyson; A. Bandrauk, 
and M. Ivanov eds. (Springer-Verlag New York Inc., 
2011) CRM Series in Mathematical Physics, 55-69 
      
ISm11: M. Ivanov and O. Smirnova; Phys. Rev. 
Lett. 107 (2011) 213605/1-5  
     
MHS11: T. Marchenko et al.; Phys. Rev. A 84 
(2011) 053427/1-5   
    
MPS11: R. Murray et al.; in CRM Series in Mathemati-
cal Physics, M. Ivanov, and A. Bandrauk eds. (Springer-
Verlag New York Inc., 2011) 135-147   
      
MRP11: F. Morales et al.; Proc. Natl. Acad. Sci. 
USA 108 (2011) 16906-16911   
     
RSA11: O. Raz et al.; Phys. Rev. Lett. 107 (2011) 
133902/1-5     

SSN11: D. Schwalm et al.; J. Phys. Conf. Ser. 300 (2011)
012006/1-9 

Wal11: Z. B. Walters; Comput. Phys. Commun. 182 
(2011) 935-939   

Fig.	8:  
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Fig.	9:  
Momentum distribution of the escaping electron for the 
two pathways leading to H* formation.
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1. Overview

The aim of the project is the real-time determination of 
ultrafast structural dynamics and nonequilibrium pro-
cesses in molecular and biomolecular systems in the 
condensed phase. The first target is the observation 
and analysis of ultrafast processes in equilibrium-state 
structures while they explore energy land-scapes. Such 
energy landscapes are not static but fluctuate due to the 
dynamical interactions with the surroundings (such as 
liquid solvent shells, including hydrogen bond networks, 
or the protein backbone). The ultrafast nature of these 
fluctuations necessitates femtosecond time resolution 
for the structure-resolving spectroscopic techniques. The 
second target is the study of (bio)molecular structures 
that undergo substantial geometric rearrangements in-
duced by optically triggered chemical reactions (photo-
chemistry). Chemical reactions studied in-clude hydro-
gen and proton transfer, electron transfer, bond fission, 
ring-opening/closure and trans/cis isomerizations.   

2. Subprojects and collaborations

Research in this project has been structured into two  
major subprojects:  
UP1: Ultrafast vibrational dynamics of hydrogen bonds 
UP2: Ultrafast chemical reaction dynamics.  
The subproject UP3 (Vibrational energy flow) has been 
discontinued.

External collaborations exist with:  
UP1: J. T. Hynes (Department of Chemistry and Biochem-
istry, University of Colorado, Boulder, Colorado, USA); 
D. Laage (Chemistry Dept., Ecole Normale Supérieure, 
Paris, France); N. E. Levinger (Colorado State University, 
Fort Collins, USA); F. Temps (Christian-Albrechts-Uni-
versität zu Kiel, Germany).     
 
 
UP2: V. S. Batista (Yale University, New Haven, CT; 
USA); E. Pines (Ben Gurion University of the Ne-
gev, Beer-Sheva, Israel); E. Vauthey (Université de 
Genève, Genève, Switzerland); H. N. Ghosh (Bhab-
ha Atomic Research Centre, Mumbai, India), Ph. 
Wernet (Helmholtz-Zentrum Berlin, Germany).  
 
 
3. Results in 2011

UP 1: Ultrafast vibrational dynamics of hydrogen 
bonds 

This project aims at understanding the coherent and in-
coherent dynamics of O-H and N-H stretching modes 
and other vibrations in hydrogen bonds and at relating 

them to structural fluctuations and energy dissipation 
processes. Earlier stages of this research project fo-
cussed on hydrogen-bonded model systems, such as 
acetic acid dimer, and liquid water. In recent years the 
research has been extended towards hydrogen bond 
dynamics in hydrated DNA oligomer films as well as 
DNA base pairs in weakly interacting solvents. A new 
research topic involves the vibrational dynamics of hy-
drated phospholipid reverse micelles. The experiments 
are based on ultrafast two-colour infrared (IR) pump-
probe and multi-dimensional photon echo spectroscop-
ies, complemented by computational methods such as 
density functional theory to simulate linear and multidi-
mensional spectra.

As a macromolecular model system with a well-defined 
structure, we study deoxyribonucleic acid (DNA). Both 
the vibrational couplings originating from nucleobase 
pairing and the interaction of DNA with its hydrating 
water shell are investigated. In an independent comple-
mentary bottom-up approach, we start with the nucle-
obases themselves to get insight into their hydrogen 
bond complexation and their interaction with a liquid 
environment. 

The artificial double-stranded DNA oligomers investi-
gated contain approximately 20 base pairs in Watson-
Crick geometry within a double helix structure including 
the complete ribose-phosphate backbone. Oligomers 
with different sequences and relative orientations of 
base pairs are studied. The DNA samples are cast in 
thin films and integrated into a humidity cell, allowing 
for control over the hydration level. This approach in 
general can be exploited to study hydration phenomena 
of biomolecular systems [SYE11]. Individual bases and 
base pairs are studied in liquid solution, including sol-
vents different from water.

In collaboration with the Temps group (Christian-Alb-
rechts-Universität zu Kiel, Germany) we recently initi-
ated a study of chemically modified DNA base pairs. We 
first investigated guanosine-cytidine (G•C) base pairs, 
hydrogen-bonded in the Watson-Crick geometry. Linear 
and ultrafast nonlinear infrared two-dimensional (2D) 
photon echo spectroscopy on the N-H stretching vibra-
tions of G•C base pairs in chloroform solution resulted 
in an N-H stretching mode assignment, and a mapping 
of the vibrational couplings and relaxation dynamics in 
G•C [YSR11].

High frequency N-H and O-H stretching excitations 
were studied in artificial DNA oligomers containing 23 
alternating adenine-thymine (A-T) base pairs at high hy-
dration level by femtosecond 2D photon echo spectros-
copy. This work builds on 2D-IR photon echo measure-
ments of the same A-T oligomers at low hydration level 

2-04: Molecular Vibrational and Reaction Dynamics 
in the Condensed Phase 
E. T. J. Nibbering (project coordinator)
and	R.	Costard,	H.	Fidder,	C.	Greve,	B.	Koeppe,	M.	Prémont-Schwarz,	Ł.	Szyc,	P.	M.	Tolstoy,	M.	Yang
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[YSE11a], see Fig. 1. For the latter case (0% relative hu-
midity (RH)) we disentangled the complex band patterns 
observed in the IR spectral range between 3100 and 
3700 cm-1 (Fig. 2b). It appears that the observed vibra-
tional bands are dominated by N-H stretching transitions 
of the A and T bases, with O-H transitions due to wa-
ter being minor. With 2D-IR spectroscopy it is possible 
to distinguish between the homogeneously broadened 
N-H stretching band of T, and the inhomogeneously 
broadened NH2 stretching modes of A, as well as prob-
ing vibrational energy transfer between asymmetric NH2 
stretching vibration of A at 3350 cm−1 to the N-H stretch-
ing mode of T at 3200 cm−1 on a ~500 fs time scale.

Increasing the hydration level up to 92 % RH at which 
the DNA oligomers are fully hydrated, leads to a linear 
IR spectrum being dominated by O-H stretching contri-
butions of the hydration shell water molecules (Fig. 1).

We used 2D-IR photon echo spectroscopy to dis-
cern the coupled N-H stretching modes of the A-T 
pairs and O-H stretching excitations of the water shell 
[YSE11b,YSE11]. The 2D-IR spectra measured with 
laser pulses centred at 3250 cm-1 show the response 

of N-H stretching modes of the A-T oligomers, super-
imposed by the O-H stretch contributions from the wa-
ter shell (Fig. 2a). The positive signals (yellow and red 
part) are due to the ν = 0 to 1 transitions of N-H and 
O-H stretching oscillators, and the negative signals at 
small n3 (green and blue part) are due to the ν = 1 to 2 
transitions. Negative signals at large n3 in the 92% RH 
spectra are due to the hot water ground state formed 
by vibrational relaxation. Each spectrum is normalized 
to the respective maximum positive signal with contour 
lines corresponding to 10% changes in amplitude. The 
N-H and O-H contributions are essentially additive and, 
in particular, the N-H stretch pattern is very similar to 

the results for 0%RH (Fig. 2b). Such limited changes of 
N-H stretch frequencies and line shapes suggest their 
spectral dynamics to be governed by DNA rather than 
water fluctuations (Fig. 2). The O-H stretch component 
undergoes spectral diffusion on a 500 fs time scale.

This is even more evident from 2D-IR spectra recorded 
with laser pulses centred at 3400 cm-1 where the O-H 
stretch component strongly dominates (Fig. 2c). The cen-
tre line slopes of the 2D spectra of hydrated DNA demon-
strate a slower decay of the frequency–time correlation 
function (TCF) than that in neat water, as is evident from 
a comparison with 2D spectra of neat H2O and theoreti-
cal TCFs (Fig. 3). We attribute this behaviour to reduced 
structural fluctuations of the water shell and a reduced 
rate of resonant O-H stretching energy transfer.

Phospholipids, building blocks of biological membranes, 
typically self-assemble into bilayers in aqueous solution. 
The amphiphilic nature of phospholipids allow also to 
form a variety of other structures, including reverse mi-
celles, separating a pool of nanoconfined water from a 
surrounding organic nonpolar phase. We recently intro-
duced reverse micelles composed of dioleoylphosphati-
dylcholine (DOPC), a phospholipid with hydrophobic 
tails and a hydrophilic head consisting of a PO4

- unit 
and covalently linked choline groups. In such systems, 
the hydrophilic heads point to the interior and addition 
of water leads to hydration of the head groups as well 
as the build-up of nanoscopic water pools inside the 

Fig.	1:  
Steady-state IR spectrum of the hydrogen stretching 
region of the A-T oligomer (base sequence is shown) 
for different relative humidities.

Fig.	2:  
(a) Absorptive 2D spectra of DNA oligomers at 92% 
RH measured with pulses centred at 3250 cm-1.
(b) 2D spectra of DNA oligomers at 0% RH measured 
with pulses centred at 3250 cm-1.
(c) 2D spectra of hydrated DNA at 92% RH measured 
with femtosecond pulses centred at 3400 cm-1. All 2D-
IR spectra were obtained with the (|| TT ) polarization 
scheme.



42

reverse micelles (the water content is characterized by 
the parameter w0=[H2O]/[DOPC]). Therefore, reverse 
micelles allow for detailed studies of the fundamental 
hydration interactions of phospholipids. Ultrafast mid-in-
frared spectroscopy allows for following the dynamics of 
vibrational marker modes of the phospholipid molecules 
as well as those of the nanoconfined water [LCN11]. 

Femtosecond vibrational spectroscopy gives insight into 
the dynamics of the antisymmetric phosphate stretching 
vibration nAS(PO2)−, a sensitive probe of local phosphate–
water interactions and energy transport (Fig. 4). The de-
cay of the nAS(PO2)− mode with a 300-fs lifetime transfers 
excess energy to a subgroup of phospholipid low-fre-
quency modes, followed by redistribution among phos-
pholipid vibrations within a few picoseconds [LCN11]. 
The latter relaxation is accelerated by adding a confined 
water pool, an efficient heat sink in which the excess 
energy induces weakening or breaking of water–water 
and water–phospholipid hydrogen bonds. In parallel to 
vibrational relaxation, resonant energy transfer between 
nAS(PO2)− oscillators delocalizes the initial excitation.

UP2: Ultrafast chemical reaction dynamics  

Photoinduced chemical transformations are studied by 
measuring transient vibrational spectra after electronic 
excitation. Site-specific molecular geometries and proc-
esses such as intramolecular vibrational redistribution 
and vibrational cooling are revealed by the frequency 
positions and the dynamical behaviour of specific vibra-
tional marker modes. We have recently studied the re-
action dynamics of bimolecular proton transfer in aque-
ous solution using photoacids [APP11] and bimolecular 

electron transfer (ET) [ABV11, GVN11, GAV]. In a com-
bined experimental and theoretical effort we investigated 
the photophysics of 2-(2’-hydroxyphenyl)-benzothiazole 
(HBT) in polar acetonitrile solution [MLB11]. In contrast 
to well-reported findings of HBT in nonpolar solvents, 
the polar acetonitrile solvent enables a competition be-
tween excited state intramolecular hydrogen transfer 
and twisting dynamics in HBT. The latter twisting reac-
tion pathway enables an efficient route to the electronic 
ground state by internal conversion.

To understand the underlying mechanisms of proton 
transfer between acids and bases, we initiated a re-
search project employing different experimental and 
theoretical methods in a combined approach. The ob-
jective is to combine time-resolved spectroscopic tech-
niques, which allow for direct insight into the dynamics 
of acid-base complexes, with structurally resolving tech-
niques, enables a detailed understanding of the struc-
tural dynamics of acid-base complexes during proton 
transfer reactions. Here we both investigate acid-base 
complexes in the electronic ground state, and by use 
of photoacids transient acid-base conformations upon 
electronic excitation. 

Fig.	4:  
(a, b)Transient spectra upon excitation of the vAS(PO2)- 

stretching mode for low and high hydration levels 
showing the faster thermalization and a blue-shift due 
to broken water-phosphate hydrogen-bonds when an 
intramicellar water-pool is present. (c) Anisotropy de-
cay of the vAS(PO2)- stretching mode showing a slow-
ing down upon hydration.

Fig.	3:  
Slope of the center lines of 2D spectra of Fig. 2c as 
derived from a linear fit of the center slope lines (solid 
symbols). The open symbols represent the center line 
slopes derived from 2D spectra of neat water and dis-
play a faster initial correlation decay. Lines: TCFs of bulk 
water calculated from molecular dynamics simulations 
with (Cp(t)) and without (C(t)) resonant energy transfer 
between OH stretching oscillators (taken from T. l. C. 
Jansen, B. M. Auer, M. Yang, J. L. Skinner, J. Chem. 
Phys. 132 (2010) 224503.
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An example of such a combined approach is the inves-
tigation of heterospectral correlations between the elec-
tronic transitions of 2-chloro-4-nitrophenol (CNP–OH) 
and 2-chloro-4-nitrophenolate anion with NMR signals of 
three-component mixtures of CNP–OH, acetic acid, and 
tetraethylammonium (TEA) acetate, dissolved in low-
temperature (180 K) CD2Cl2. Many different complexes 
between CNP and acetate, and between acetic acid 
and acetate exist [KTL11], making a distinct unambigu-

ous assignment of NMR signals far from trivial or even 
impossible. To find a correspondence between UV–
vis and NMR spectra, we have used two-dimensional 
correlation spectroscopy of Noda’s type, making it the 
first example of UV/NMR heterospectral 2D-correlation 
analysis [KTG11] (see Fig. 5). With this approach we 
have been able to identify 1:1 heteroconjugated hydro-
gen-bonded complexes of CNP and the acetate anion 
present in CD2Cl2 solution at 180 K in a mixture with four 
other species. We find that the hydrogen-bond geometry 
in the heteroconjugate is close to CNP–O–···HOOCH3 
rather than CNP–OH ···–OOCH3 with an O···O distance 
of ~2.48 Å and proton displacement from the hydrogen 
bond center of ~0.18 Å. In general, establishing UV/
NMR cross-correlations allows one to identify and even 
predict spectroscopic properties of H-bonded complex-
es from incomplete or ambiguous spectral information. 
This feature could be especially useful for biomolecules 
in aqueous solution, where the observation of bridging 
proton signals is often hindered by the proton exchange 
with solvent molecules, while UV–VIS spectra are often 
readily available.

IR spectroscopy of the O-H mode provides a local probe 
of the hydrogen bond in photoacid-base complexes. To 
understand the perturbation of O-H-stretching modes 
of photoacids when interacting with bases in different 
solvents, one has to determine the relative importance 
of the specific hydrogen-bonding interactions between 
the photoacid and bases and non-specific dielectric 
couplings by the surrounding solvent. To correlate the 
O-H stretch frequency shifts to the electronic nature of 
O-H groups in specific electronic states of photoacids, 
we expanded a perturbative theoretical model originally 
developed by Pullin, and augmented it with the van der 
Zwan-Hynes relationship. We then employed ab-initio 
quantum chemistry calculations to provide the molecu-
lar parameters for the augmented model, computed 
at the level of density functional theory for the ground 
state (i.e. using the B3LYP/TZVP method) and the ex-
cited states (i.e. using the TD-B3LYP/TZVP method). 
This allowed us to quantitatively analyse the observed 
frequency shifts of 1-naphthol and 2-naphthol in the 
S0- and 1Lb-states in weakly polar solvents (n-hexane 
to 1,2-dichloroethane (1,2-DCE), i.e. no involvement of 
hydrogen bonds) [PXB11,XPN], see Fig. 6. 

Fig.	5:   
Synchronous (left) and asynchronous (right) 2D UV/
NMR correlation analysis spectra of three-component 
mixtures, containing CNP, acetic acid, and TEA ac-
etate dissolved in CD2Cl2 at ∼180 K. The NMR spec-
tral regions of ortho proton signals of the CNP moiety 
(a,b) and H-bonding proton signals (c,d) are correlat-
ed with UV–vis spectra. Positive intensity is shown in 
yellow and red, and the negative one is in blue; z-axis 
values are in arbitrary units; intensity change between 
contour lines is ca. 10%.

Fig.	6:   
(a) Steady-state IR spectra of 1N (a) and 2N (b);  
Transient IR spectra of 1N (c) and 2N (d) measured  
at 10 ps pulse delay; Experimental frequency shifts for 
the S0- and 1Lb-states of 1N (dots) and 2N (squares), 
relative to the frequency of the S0-state of 1N  
(3658 cm-1), together with solid and dashed lines  
obtained by (e) experimental fits, and (f) predictions 
according	to	Pullin’s	model,	with	factors	calculated	 
with (TD)-DFT calculations.
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The linear dependence of the observed frequency red-
shift in a particular electronic state with F0 = (2ε0-2)/
(2ε0+1), with ε0 the static dielectric constant of the sol-
vent, is due to the combined effect of a few molecular 
parameters of specific electronic states of the photoac-
ids, such as molecular dipole moments, and the first and 
second derivatives of the dipole moment along the O-H-
stretching coordinate, and the degree of anharmonicity 
of the O-H stretching vibration. These results obtained 
on uncomplexed naphthol photoacids pave the road 
for understanding hydrogen-bonding in photoacid-base 
complexes.
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1. Overview

Project 2-05 has been initiated in the beginning of 2011 
to promote some of the new research initiatives at MBI: 
few-femtosecond and attosecond experiments in atoms 
and molecules. The new project aims at the develop-
ment of a framework of closely interconnected time-re-
solved experimental techniques for the investigation of 
real-time electronic and molecular dynamics in complex 
photo-induced processes. The major unifying thread of 
the framework is application of novel XUV/X-ray light 
sources, such as high harmonic generation or free elec-
tron lasers, combined with photoionization methods as a 
pump or probe step in a pump-probe configuration. In the 
project framework each dynamic process is considered 
in two ways: I) dynamics in electronic vs nuclear sub-
systems and II) dynamics in the whole system (molecule 
+ environment) vs dynamics of molecular constituents. 
The link between electronic and nuclear dynamics is im-
plemented in experiments on electronic structure of mol-
ecules (ultimately with attosecond resolution) compared 
to experimental techniques targeting nuclear structure 
(mostly femtosecond). The link between the whole sys-
tem and its parts is implemented in condensed phase vs 
gas phase experiments. This framework is presented in 
Table 1. When fully developed it will allow to investigate 
very complex dynamic problems ultimately combining 
the results of very different experiments in a unified pic-
ture thanks to the close interconnection between experi-
mental activities.

 

 

2. Subprojects and collaborations

At present, the project is organized in 4 subprojects:

UP1: Tracking attosecond electronic motion in atoms 
and molecules

The subprojects aims at investigation of dynamics in 
gas phase atoms and molecules with attosecond time-
resolution. Few-cycle IR pulses, attosecond pulse 
trains and, in the future, isolated attosecond pulses 
are used in a pump-probe XUV/IR configuration and 
are combined with a velocity map imaging spectrom-

eter for the detection of ionization products. The work 
is part of the European Marie Curie network ATTOFEL, 
in project WP-2b. Collaborations exist with in-house 
researchers Olga Smirnova and Misha Ivanov and 
with the groups of Fernando Martin at the University 
of Madrid, Francoise Remacle at Université de Liège, 
Raphy Levine at the Hebrew University Jerusalem 
and Ken Schafer at Louisiana State University.  
    
UP2: Photoelectron spectroscopy in gas phase and liq-
uid jets

The subproject aims at investigation of electron dynam-
ics in pure water and solvated biomolecules. It includes 
development of an XUV beam line with a time-compen-
sated monochromator allowing sub-10 fs time resolu-
tion, which will be combined with gas-phase and con-
densed-phase photoelectron spectroscopy endstation. 
The development of the monochromator is conducted in 
collaboration with the research center LUXOR, Padova, 
Italy (Luca Poletto).

UP3: Photoelectron imaging and photoionization of  
atoms and molecules in the XUV/X-ray range

This project aims at the investigation of molecular dy-
namics using photoelectron imaging and photoelectron 
holography. Experiments performed at Free Electron 
Laser facilities are done in collaboration with many insti-
tutes and universities: Lund University (Per Johnsson), 
Max-Planck-Institut für Kernphysik (Joachim Ullrich), 
Max Planck Advanced Study Group (Artem Rudenko,   
Daniel Rolles), CFEL (Henry Chapman, Jochen Küpper), 
Aarhus University (Henrik Stapelfeldt), LCLS (Christoph 
Bostedt, John Bozek), PULSE (Ryan Coffee), Tohoku 
University (Kiyoshi Ueda), Western Michigan University 
(Nora Berrah), Politecnico de Milano (Giuseppe San-
sone), Laboratoire de Spectrométrie Ionique (Franck 
Lepine), DESY (Stephan Düsterer), UPMC (Tatiana 
Marchenko), STFC (David Hollande), Lomonosov Mos-
cow State University (E. V. Gryzlova), FOM Institute for 
Plasma Physics (F. Bijkerk), HZB (Philippe Wernet), 
the University of Groningen (Thomas Schlathölter), the 
European XFEL (Michael Meyer) and Imperial College 
London (Leszek Frasinski). Photoelectron imaging ex-
periment in atoms and molecules using XUV pulses are 
done in collaboration with Robert R. Lucchese (Texas 
A&M University) and in-house collaborators (Olga Smir-
nova and Misha Ivanov).

UP4: CRASY technique for correlated rotational  
alignment

Rotational spectra are traditionally measured without a 
concurrent means of differentiating the molecular con-
stituents of the sample. A new, all-optical, multi-pulse 

2-05: Attosecond Pump-Probe Spectroscopy 
Oleg Kornilov (project coordinator)
and F. Buchner, M. Eckstein, A. Hundertmark, J .Klei, F. Krecinic, A. Lübcke, C. Neidel, X. T. Nguyen, H.-.H. Ritze,  
A. Rouzée, C. Schröter, B. Schütte, T. Schultz, M. J. J. Vrakking, C.-H. Yang, N. Zhavoronkov

Gas phase Condensed phase

Electron  
dynamics

Vis/XUV and XUV/XUV 
pump-probe  
photoelectron/photoion 
spectroscopy

Photoelectron  
spectroscopy in  
liquid jets

Nuclear  
dynamics

CRASY, XUV/strong field  
holography

Core level transient 
absorption in liquid 
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experiment (CRASY, Correlated Rotational Alignment 
Spectroscopy) was developed that allows the correlated 
measurement of rotational spectra, ion mass spectra or 
photoelectron spectra by combining Fourier transform 
rotational coherence spectroscopy with resonance-en-
hanced multiphoton ionization. CRASY allows the char-
acterization of systems that are inaccessible to tradi-
tional (uncorrelated) spectroscopic techniques. It can be 
used to measure rotational spectra for low-abundance 
compounds in impure samples, characterize electronic 
structure and dynamics for inseparable molecular iso-
mers, and to investigate structure and fragmentation 
pathways of biomolecular clusters.

3. Results in 2011

The main activities of the project in the year 2011 have 
been dedicated to construction of two new laboratories 
and design and construction of experimental setups.  

UP1: Tracking attosecond electronic motion in atoms 
and molecules

The main part of the activities has been focused on 
constructing an attosecond pump-probe velocity map 
imaging spectrometer beamline. Experiments carried 
out in 2011 include investigation of the photoionization 
dynamics of O2, N2, and C2H4 induced by an attosecond 
pulse train in the presence of a co-propagating IR laser 
pulse.  

The setup was previously used to investigate dissocia-
tive photoionization dynamics of H2 molecules [KSP1]. 
This year a sub-cycle oscillation measured in the H+ 
fragment yield (see Fig. 3) could be explained in terms 
of interference between ionization pathways involving 
different harmonic orders and an IR induced coupling 
between the 1sσg and 2pσu ionic states. This experiment 
demonstrates that the ionization probability is sensitive 
to the instantaneous polarization of the molecule in-
duced by the IR electric field.

Fig.	1:   
The KHz laboratory. 
In the first laboratory for experiments at kHz 
repetition rates a new powerful dual-head 
Ti:Sapphire laser system has been installed, 
it can deliver 20 fs CEP-stabilized laser 
pulses at 1 kHz and 10 kHz repetition rates 
with 20 mJ and 2 mJ energies, respectively. 
The experimental stations include an atto-
second pump-probe velocity map imaging 
setup, a beam line with a time-compensated 
monochromator (spectral resolution of  
300 meV and pulse durations of 8 fs) for 
photoelectron experiments in liquid jets, and 
a liquid jet apparatus for UV/vis experiments.

Fig.	2:   
The TW laboratory. 
The second laboratory hosts a 3 KHz, 2 mJ and 
30 fs commercial laser system from KMLabs. 
This laser has been upgraded in collaboration 
with the company Amplitude Technologies to 
deliver a second output with 40 mJ pulses and 
32 fs duration at a repetition rate of 50 Hz. This 
TW laser system will be used in the near future 
for the generation of soft-X-ray radiation  
(200 - 400 eV photon energy) and strong XUV 
pulses using high harmonic generation tech-
niques. This will allow to explore time-dependent 
photoionization dynamics of molecules using 
vis/soft X-ray or XUV/XUV pump-probe experi-
ments, which has only been possible so far at 
Free Electron Laser (FEL) facilities.
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In an XUV/IR pump-probe experiment on O2 molecules, 
attosecond time-scale effects in the dissociative ioniza-
tion of oxygen have been investigated [SFG11]. It was 
possible to show that different dissociative ionization 
channels oscillate with half the period of the IR field. 
These results are explained in terms of an IR-induced 
coupling between different ionic states. The phase-re-
lation between the yield and angular distribution oscilla-
tions of different channels helps to deduce which elec-
tronic states are involved in the coupling.

Preparing for experimental investigations of more com-
plex molecules, such as ABCU, a theoretical study has 
shown that strong IR excitation can produce oscillatory, 
non-stationary, electronic states that exhibit localization 
of the electron density in different parts of this molecule 
both during and after the pulse [MGV1]. Moreover, it 
was shown that it is possible to implement control of 
the ABCU electron density stereodynamics by varying 
the laser parameters. Measuring the charged fragments 
produced by a combined attosecond pulse train and IR 
laser field should reveal in real time the evolution of the 
electronic density of such a complex molecular system.

 
UP2: Photoelectron spectroscopy in gas phase and 
liquid jets

In 2011 the major activities of the subproject were 
concentrated on the design and construction of the 
monochromator beamline and on the continuation of 
experimental studies of excited state dynamics of mole-
cules in aqueous solution.

By the end of the year, the detailed design and theoretical 
modeling of the time-compensated monochromator 
beamline was finished. Currently the construction and 
alignment of the beamline is in progress with scheduled 
completion in April 2012. The source of the XUV pulses 
based on the principle of high-order harmonic generation 
has also been completed and tested experimentally.

The main focus of the experiments in aqueous solution 
was two-fold: First, the excited state dynamics of liquid 

water at the interface in the presence of alkali cations 
was investigated. With the benefit of the development 
of a sub-20 fs source of VUV radiation within project 
1-01, it was possible to excite liquid water to its first 
electronically excited state. The liquid jet technology 
requires the addition of salts to the solution, and we 
found that the photoelectron spectra depend on the 
cation. As suggested by in-house ab initio calculations, 
in the vicinity of an alkali cation, the excited state of 
water is of charge transfer character. The excited 
electron resides above the cation at the liquid to vacuum 
interface. Thus, a new transient hydrated (e-…cation) 
complex is observed. The initial positive charge located 
at one or two water molecules rapidly diffuses away due 
to proton migration. This process is reflected in the initial 
decrease of vertical ionization energy (VIE). At longer 
delay times, solvent shell equilibration dominates, and 
we observe an increase of the VIE. The VIE of the 
relaxed (e-…cation) complex is about 2.5 eV and thus 
significantly smaller than the VIE of the bulk solvated 
electron, which is about 3.4 eV.

The second main goal was the measurment of the 
electron attenuation length (EAL) at low kinetic 
energies (<5 eV). It is generally believed that liquid jet 
photoelectron spectroscopy at low kinetic energies is not 
surface sensitive and that this explains discrepancies 
between experiments exploiting UV pulses and those 
exploiting XUV pulses. An experiment making use 
of the surfactant molecule tetrabutyl ammonium 
iodide (TBAI) allowed to compare signal contributions 
from TBAI with the more homogeneously distributed 
NaI. It was found that the EAL is 5 nm at the present 
experimental conditions. Further, it was found that 
the generation of solvated electrons at the liquid to 
vacuum interface is suppressed and that solvated elec-
trons generated at the interface are responsible for 
the sub-ps decay channel found in our previous work. 

UP3: Photoelectron imaging and photoionization of 
atoms and molecules in the XUV/X-ray range

The main focus of this subproject is to develop new 
experimental tools for imaging molecular structures and 
ultra-fast molecular dynamics based on photoelectrons 

Fig.	3:   
Time-dependent H+ fragments kinetic energy spectrum 
along (a) and perpendicular (b) to the laser polarization 
as a function of the delay between the attosecond pulse 
train and the IR laser field that dissociatively ionize H2 
molecules. The interferences between different ioniza-
tion pathways shown in Fig. 3c are responsible for the 
observed oscillations in the H+ kinetic energy spectrum. 

Fig.	4:   
3D design of the time-compensated monochromator 
beamline (Martin Eckstein).
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generated within the molecule either by electron impact 
or by XUV ionization. A route towards time-dependent 
molecular imaging is electron diffraction using electrons 
created within the molecule by means of XUV/X-ray 
single-photon ionization, thus “illuminating the molecule 
from within”. As the emitted photoelectron leaves a site 
in the molecule, it may scatter off one of the other nuclei, 
leading to features in the photoelectron angular distri-
bution which carry information about the positions of 
the individual nuclei. In a recent experiment, a two color 
pump-probe technique was used to explore the molecular 
frame photoelectron angular distribution of a set of linear 
molecules. Using a first laser excitation, the molecules 
were dynamically aligned and then photoionized with 
an atosecound pulse train. The ejected photoelectrons 
recorded using a velocity map imaging spectrometer 
revealed contributions from various molecular orbitals, 
and the onset of the influence of the molecular structure 

[KRS11, RFW]. This experiment paves the way towards 
investigation and imaging of molecular dynamics on the 
few-femtosecond or attosecond timescale. To this aim, 
we are currently developing a soft X-ray beamline based 
on high harmonic generation with a two-color fs laser 
field (800 nm and midinfrared radiation from an OPA). 
A high energy TOPAS system pumped by a newly 
developed fs terawatt amplifier [GPP11] should provide 
mJ levels of mid-IR radiation. Harmonics up to 400 eV 
are expected to be produced.

An important goal of this subproject is to explore the 
photoionization dynamics of atoms and molecules in 
the XUV/X-ray regime using novel light sources such 
as high harmonic generation and Free Electron laser. 
In 2011, we gained a better understanding of the 
interaction of strong XUV laser pulses with an atomic 
gas sample. Experiments were performed at the EUV 

Fig.	7:   
The CRASY experimental scheme (top) is based on the 
coherent excitation of molecular rotations with an align-
ment pulse. After a variable delay, pump-probe ioniza-
tion allows the detection of molecular mass and electron 
spectra. All signals are modulated by the rotational 
motion and a Fourier transform yields rotational Raman 
spectra for all detected ion masses and electron 
energies. A 16 ns scan range (middle) in a nitrogen-
purged environment increased the spectroscopic band-
width to 62.5 MHz. A rotational spectrum for ion signals 
with mass m/z=76 (carbon disulfide) demonstrates the 
high experimental resolution (bottom).

Fig.	5:   
A hydrated (cation...electron) complex is generated, 
when 160 nm VUV pulses excite water molecules at 
a liquid interface in the vicinity of alkali cations. Those 
complexes have a significantly lower ionization energy 
than bulk solvated electrons.

Fig.	6:   
XUV ionization of aligned CO2 molecules. Contributions 
from 4 ionization channels can be recognized: the 
HOMO (X2Πg), the HOMO-1 (A2Πu), the HOMO-2 (B2Σu

+) 
and the HOMO-3 (C2Σg

+) orbitals. Each orbital has a  
specific angular distribution.
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free electron laser in Japan (Spring-8) and at the 
XUV free electron laser of Hamburg (FLASH). Using 
a velocity map imaging spectrometer, we measured 
angle-resolved photoelectron kinetic energy distributions 
for argon and neon atoms photoionized at 21.3 eV 
and 90.6 eV photon energy, respectively. We could 
identify two and three-photon triple ionization of neon 
[RJG11]. We show in this case that ionization occurs 
via a sequential process. Our study on the ionization 
of argon revealed the crucial role of autoionizing 
state in the multiple photon double ionization of argon 
and established a new mechanism producing doubly 
charge ions: doubly resonantly enhanced three-photon 
double ionization involving autoionizing states [GMF1]. 

UP4: CRASY technique for correlated rotational 
alignment

Multiple spectroscopic techniques are available to 
characterize particular molecular properties. Basic 
physical laws limit the information available from any 
given measurement. Correlated techniques combine 
the information of several measurements and thereby 
potentiate the spectroscopic information. With correlated 
rotational alignment spectroscopy (CRASY), we recently 
demonstrated a technique combining the sensitivity and 
selectivity of mass spectrometry with high-resolution 
rotational structure and with the direct, time-resolved 
observation of transient electronic structure [SKS11]. 

We used CRASY to characterize rotational structure, 
electronic structure and fragmentation pathways in 
carbon disulfide isotopes and butadiene. A folded 
optical delay line with precise distance calibration 
increased the available scan length by an order of 
magnitude (Fig. 7). The new set-up allows to correlate 
high-resolution 62.5 MHz rotational spectra with 
molecular mass and transient electronic structure. This 
development opens a path for the characterization 
of electronic structure and dynamics in inseparable 
molecular isomers and for the investigation of structure 
and fragmentation pathways in biomolecular clusters. 
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1. Overview

We use time-, spin-, energy-, and angle-resolved pho-
toelectron spectroscopy to study transient dynamics at 
surfaces. In detail, our research projects cover energy- 
and charge-transfer processes at metal surfaces, the 
dynamics of photo-excited carriers at semiconductor 
surfaces, and spin-dependent electron scattering in thin 
ferromagnetic films. Using synchrotron radiation we ex-
plore the geometric and electronic structure of molecular 
switches at surfaces and study their dynamical proper-
ties by optical and autoionization spectroscopy. 

In addition, our project comprises high quality material 
processing by temporally tailored femtosecond laser 
pulses. We explore the physics of short-time excitations 
and material removal in bulk samples. These studies  
aim at optimizing laser micro-machining.  

2. Subprojects and collaborations

UP1: Dynamics at surfaces studied with soft X-rays 
(DFG WE2037/4-1, WGL Graduate School DinL), in col-
laboration with Ph. Wernet (Helmholtz-Zentrum Berlin 
für Materialien und Energie GmbH).

UP2: Carrier dynamics at semiconductor surfaces, in 
collaboration with A. Knorr (TU Berlin).

UP3: Ultrafast vs. equilibrium magnetic phase transi-
tions and their signature in the electronic system (DFG 
WE2037/1-3), in collaboration with M. Donath and A. B. 
Schmidt (Univ. Münster).

UP4: Carrier relaxation and switching efficiency of pho-
tochrome molecular ensem bles at surfaces (Sfb 658 
- Elementary Processes in Molecular Switches at Sur-
faces, projects B2 and Z), in collaboration with K. Reuter 
(TU München).

UP5: Material structuring with femtosecond technology 
(SPP 1327, RO 2074/8-1), in collaboration with R. Stoian 
(Univ. Etienne, France), D. Ashkenasi (LMTB Berlin), J. 
Bonse and J. Krüger (BAM Berlin). 

3. Results in 2011

UP1: Magnetization dynamics of Gd studied with 
VUV photoemission

In current technical implementations changes in the 
magnetization of ferromagnetic materials are induced 
thermally, by magnetic fields, or by combining both stim-
uli. While this conventional switching happens on nano-

second timescales, various magneto-optical and X-ray 
dichroism experiments demonstrate that the spin sys-
tem of ferromagnets exhibits a reduced magnetization 
in less than 1ps after laser excitation [WMS11]. Unify-
ing concepts have been put forward, but the associated 
microscopic processes are still repeatedly questioned. 
On ultrashort timescales the electronic, spin, and lattice 
subsystems are not in equilibrium. Hot electrons equili-
brate with the lattice through electron-phonon scatter-
ing (see also UP2). Concerning the spin subsystem 
the situation is less clear. We have used the high-order 
harmonics (HHG) beamline described in project 4-1 to 
study ultrafast laser-driven magnetization dynamics in 
the lanthanide metal Gadolinium by time- and angle-
resolved photoelectron spectroscopy (ARPES). The ex-
periment is shown schematically in Fig. 1. We excite the 
system with an IR pump pulse (fluence 1 mJ / cm2) and 
probe the transient band structure with HHG radiation 
pulses of 35.6 eV photon energy. The magnetism of Gd 
stems from partial occupancy of the 4f electron shell. 
This, which spin-polarises the itinerant valence elec-
trons, which then align the magnetic moments of neigh-
bouring ions in the lattice, leading to magnetic order-
ing and exchange splitting of the valence band. Fig. 1  

3-01: Dynamics at Surfaces and Structuring
A. Rosenfeld and M. Weinelt (project coordinators) 
and B. Andres, D. Brete, R. Carley, Ch. Eickhoff, B. Frietsch, W. Freyer, C. Gahl, S. Höhm,  
J. Kopprasch, Th. Kunze, A. Mermillod, M. Teichmann, M. Wietstruk, and K. Zielke

Fig.	1:   
(a): Magnetic coupling in the lanthanide metals leads 
to	spin	polarization	and	exchange	splitting	(ΔEex)	in	
the valence bands. (b): Illustration of the time- and 
angle-resolved photoemission experiment.  
(c) and (d): ARPES data at 35.6 eV from a 100 Å thick 
single-crystalline Gd(0001) film on W(110) in the para- 
and ferromagnetic phases, respectively. At 100K (d) 
the minority (red, spin down) and majority (blue, spin 
up) components of the valence band are clearly sepa-
rated. The dashed blue line shows the 5dz

2 surface 
state.
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shows typical ARPES data for Gd. At	100	K	the	Δ2 va-
lence band exhibits clear exchange splitting (indicated 
by the curved parallel lines). We follow the position of 
these	bands	–	and	therefore	ΔEex – as a function of time 
following excitation by an intense IR pulse. The mag-
netism,	and	thus	ΔEex, is strongly reduced by laser irra-
diation. The reduction occurs within 1 ps, indicating the 
role of hot electrons and electron-phonon scattering in 
the	demagnetization	process.	Changes	in	ΔEex allow us 
to compare our results with those from different experi-
ments in ultrafast magnetism, for example XMCD and 
MOKE. However, we observe additionally the dynamics 
of the bands themselves. The minority band moves both 
faster and earlier than the majority band. This obser-
vation provides insights into the magnetic coupling on 
ultrafast timescales. Thus this experiment offers a novel 
microscopic view on ultrafast magnetism. 

UP2: Relaxation of X-valley conduction-band elec-
trons in silicon

The coupling between electrons and phonons is one of 
the fundamental interactions among quasiparticles and 
collective excitations in solids. Emission of phonons 
governs the energy relaxation of injected, hot carriers in 
metals and semiconductors, and electron-phonon (el-ph) 
scattering mediates ultrafast spin-flip processes in mag-
netic materials. Therefore, understanding the dynamics 
of el-ph coupling on a fundamental level remains a topic 
of great scientific and technological interest [ETW11]. 
We have studied ultrafast momentum and energy relax-
ation of hot electrons in the silicon conduction-band with 
femtosecond pump-probe photoelectron spectroscopy. 
A visible pump pulse is used to excite carriers into the 
silicon conduction band. With a second time-delayed UV 
pulse we lift excited electrons above the vacuum level, 
where they are mapped after a hemispherical analyzer 
onto 2D detector. This allows us to synchronously moni-
tor the electron distribution as a function of energy and 
momentum. The transient temperature and the chemi-
cal potential of the electron distribution (filled squares 
and open circles) are shown in Fig. 2. The solid lines 

were obtained by modeling electron and phonon scat-
tering with the Bloch-Boltzmann-Peierls (BBP) equa-
tions. This way we obtain detailed insight into the car-
rier dynamics at silicon. Carrier cooling, thermalization 
and surface recombination are balanced by sub-30 fs 
inter- and intraband carrier-carrier scattering and defor-
mation potential scattering with a time constant of 180 fs. 
The electron cooling in the conduction-band X-valley is 
dominated by the emission of optical phonons, leading 
to a bottleneck in the energy relaxation and elevated 
electronic temperatures as long-lasting as the phonon 
lifetime of 10 ps.

UP3: Ultrafast spin-dependent carrier relaxation in 
3d ferromagnets 
 
Electrons excited to low energies above the Fermi en-
ergy play a key role, especially for magnetic materials. 
They carry spin-dependent electric currents in spin-
valve systems which are relevant for spintronics appli-
cations. Furthermore, they are essential for the giant-
magnetoresistance effect, exploited in the read heads of 
advanced magnetic storage devices. In optical demag-
netization experiments, hot electrons are created by ab-
sorbing the laser pump power and are then capable of 
triggering ultrafast demagnetization (see UP1) as well as 
all-optical magnetic switching. All the above processes 
depend on the lifetime of hot electrons and, in particular, 
the spin-dependence of this lifetime. We have studied 
the spin-dependent lifetimes of hot electrons in fcc Co 
films by spin- and time-resolved two-photon photoemis-
sion. Even for excitation energies close to the Fermi 
level, lifetimes for majority and minority electrons are 
almost identical. This result contradicts ab initio theories 
pre-dicting 5 to 10 times longer lifetimes for the majority 
electrons in 3d ferromagnets. We provide direct experi-
mental evidence that this discrepancy is caused by the 
dominance of exchange scattering in inelastic electron 
decay, in combination with the excitation of secondary 
electrons. The latter are inherent for all real materials 
and devices [GDP11].

UP4: Coverage- and temperature-driven isomeriza-
tion of TBI on Au(111)

Tetra-tert-butyl Azobenzene (TBA) is one of the few 
examples of molecular switches which can be photo-
isomerized after adsorption on a metal surface. Here 
we studied the related molecule (E)-3,5-di-tert-butyl-
N-(3,5-di-tert-butylbenzylidene)benzenamine with the 
azo group replaced by an imine group, referred to as 
TBI. Adsorbed on Au(111) the photoswitch TBI can no 
longer be optically switched. However, with decreasing 
coverage the TBI layer runs through a full isomeriza-
tion cycle. Core-level spectroscopy, STM and TD-DFT 
results establish for both isomers a consistent picture of 
the molecular adsorption geometry and the lateral layer 
structure. In the densely packed monolayer TBI adsorbs 
in the cis-form. At about half the coverage a low-density 
monolayer of trans-TBI forms. At low coverage the cis-
isomer is again stabilized at the elbows of the Au(111) 
herringbone reconstruction. This isomerization reaction 
is ruled by the interplay of chemisorption energies (cis 

Fig.	2:   
Electronic temperature Tel and	Fermi-level	position	μel 
of the photoexcited electron distribution (pump flu-
ence: 500 mJ/cm2) in the silicon conduction band vs. 
pump-probe delay Td. Solid lines are solutions of the 
Bloch-Boltzmann-Peierls equations.
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< trans) and maximal coverage (cis	>	trans). By dosing 
at appropriate temperatures well-ordered monolayers of 
high isomer purity can be prepared. 

 
UP5: Material structuring with femtosecond techno-
logy

Since the early observation of laser-induced periodic 
surface structures (LIPSS), also termed ripples, on 
semiconductors by Birnbaum, such structures have 
been observed on almost every material. The genera-
tion of LIPSS upon laser irradiation is a universal phe-
nomenon, but their shape and the precise formation 
mechanism depend on the material and the irradiation 
parameters. During the past years, the investigation of 
fs-laser-induced periodic surface structures (fs-LIPSS) 
has gained remarkable attention since this technology 

bears the potential of surface nanostructuring in a single 
process step and such nanostructures can be used for 
various applications.

In many cases and for strongly absorbing materials 
such as metals and semiconductors, after exposure to 
linearly polarized radiation at normal incidence, the lat-
eral period of the observed LIPSS is very close to the 
wavelength of the incident radiation. It is generally ac-
cepted that this type of wavelength ripples arises from 
optical interference effects due to the superposition of 
the incident radiation with a surface-electromagnetic 
wave which is created at the rough surface during the 
irradiation and which is scattered along the surface. 
These particular wavelength related ripple structures, 
which are usually called low-spatial-frequency LIPSS 
(LSFL), are rather insensitive to the laser pulse duration. 
Transient changes of the optical properties of the laser-

Fig.	3:  
SEM images of fused silica surfaces after irradiation by five cross-polarized double-fs-laser 
pulses (NDPS = 5, Φtot = 7.1 J/cm² - both pulses together) of two different sub-ps-delays Dt.

Fig.	4:   
SEM images of silicon surfaces after irradiation by ten cross-polarized double-fs-laser pulses 
(NDPS = 10, Φtot = 0.31 J/cm² - both pulses together) of different ps-delays Dt. The polarization 
of the strongest pulse determines the ripple-orientation (in all cases). 
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excited solid play an important role in the formation of 
fs-LIPSS in semiconductors and dielectrics. Double-fs-
laser-pulse irradiation experiments (on semiconductors 
and metal films) with varying pulse-to-pulse delay offer 
an experimental way to address the impact of the laser-
induced free-electron plasma on the LIPSS formation.

We have studied the formation of LIPSS in different di-
electric materials upon irradiation with multiple NIR fem-
tosecond laser pulses (l = 800 nm, t = 150 - 200 fs). 
Near-wavelength-sized wavelength LSFL-structures 
(ΛLSFL = 630 nm - 730 nm) and subwavelength-sized 
HSFL-structures (ΛHSFL = 200 nm - 280 nm) have been 
observed for normal incident laser radiation. 

A Michelson interferometer is used to generate nearly 
equal-energy double-pulse sequences allowing the 
temporal pulse delay Dt between the equally or cross-
polarized individual fs laser pulses to be varied from   
-30 to +30 ps with a resolution of ~0.2 ps. The results 
of multiple double-pulse irradiation sequences are char-
acterized by scanning electron (SEM) and scanning 
force microscopy (SFM). Specifically in the sub-ps de-
lay range, striking differences in the orientation of the 
LIPSS and their spatial periods can be observed for di-
electrics, indicating the importance of the laser-induced 
free-electron plasma in the conduction band for the for-
mation of LIPSS. Fig. 3 shows an example of LIPSS 
formation on the surface of the dielectric material fused 
silica after irradiation by five cross-polarized double-fs-
pulses (NDPS	=	5,	φtot = 7.1 J/cm2) at two different delay 
values. The results indicate that the first fs-laser pulse of 
the pair determines the orientation of the LIPSS (paral-
lel to its laser beam polarization). In contrast, for met-
als and semiconductors neither a change of the LIPSS 
orientation nor of their spatial periods is observed in the 
investigated delay range (Fig. 4).
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1. Overview 

In many condensed matter systems, electron-elec-
tron and electron-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. In this project, we 
study ultrafast charge transport dynamics, nonlinear 
optics of long-range ordered systems, and nano-scale 
optical properties to gain new insight into fundamen-
tal phenomena in this thriving field of research. 

2. Subprojects and collaborations 

UP1: Ultrafast nano-optics. 
This subproject includes the Teilprojekt A4 of the Col-
laborative Research Center (CRC) 658 (FU Berlin, DFG) 
and B5 of the CRC 951 (HU Berlin, DFG). 

UP2: Nonlinear terahertz and mid-infrared spectros-
copy.

3. Results in 2011

UP1: High-resolution near-field optical spectrosco-
py on organic semiconductor thin films 

Hybrid systems consisting of organic conjugated mate-
rials and inorganic semiconductors have raised strong 
interest. Their basic physical porperties are mainly un-
explored and they hold a strong potential for applica-
tions in new hybrid devices. In the Berlin area, there 
are two CRCs funded through the DFG in which the 
physical and chemical properties of hybrid systems 
are investigated. MBI runs one project in each of the 
CRCs, addressing the electronic and optical properties 
of hybrid systems by a combination of microscopy with 
a sub-wavelength spatial resolution and methods of ul-
trafast nonlinear spectroscopy.

First results on these novel systems where obtained 
from diarylethene photochromic molecules (DTE) con-
jugated via a linker to CdSe/ZnO semiconductor nano-
crystals. The formation of conjugates was verified 
through the quenching of the QD emission by Förster 

3-02: Solids and Nanostructures
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Fig.	1:	
a) Absorption transients of c-DTE in solution (black) and chemisorbed to QD (blue). The structure of the DTE-
QD conjugate is shown in the inset. b) Time resolved absorption (solid) and fluorescence (broken) traces of the 
QD exciton of conjugates with c/o-DTE. An energy level scheme is shown in the inset. 
c) Experimental setup for the spatial selection of individual hybrid nanostructures. 
d) High resolution topography of 6P nanorods on ZnO. Topography and optical fluorescence signal (e) 
recorded simultaneously with SNOM.
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energy transfer to the c-isomer of DTE (c-DTE). As a 
prerequisite for the analysis of such interactions, the 
precise knowledge of the dynamics in the uncoupled 
units is required. Combination of ultrafast absorption 
spectroscopy with previously unnoticed fluorescence 
leads us to a comprehensive scheme of the excited 
state dynamics of c-DTE. Within 1-2 ps the mole-
cule relaxes to a hot ground state which cools on the  
12 ps time scale. A small fraction (~0.3 %) of molecules 
undergoes ring-opening to form the o-isomer (o-DTE) 
within 1-2 ps, implying a barrierless reaction. A minute 
population (~0.001%) of a metastable excited state 
conformation with a lifetime around 30-3300 ps virtually 
undetectable by absorption was observed in the fluo-
rescence signal. 

The dynamics of c-DTE change upon conjugation with 
QD. Fig. 1a) shows a marked slow down of the ini-
tial relaxation time. The origin of this modification may 
be dynamic or static and is subject to further studies. 
The presence of c-DTE also influences the fait of the 
QD exciton on the ps time scale. While the transient 
absorption signal due to Pauli blocking of the S1 elec-
tron state remains unaltered, the fluorescence decay is 
clearly accelerated (Fig. 1b). This result implies a hole 
transfer from the excited QD to the HOMO of c-DTE. 
The process can be turned off by conversion to o-DTE 
where the transfer is energetically obstructed.

Experiments to resolve the relation between the local 
configuration of the hybrid and its opto-electronic prop-
erties require a high spatial resolution. To obtain a first 
insight we have applied high resolution scanning probe 
microscopy (SNOM) to hexaphenyl (6P) molecular na-
nostructures deposited on ZnO (1010). The rod-like 
structure of 6P nanocrystals is typical for this hybrid 
and is well resolved in the AFM and SNOM topogra-
phy (Fig. 1d). The SNOM fluorescence intensity image 
recorded simultaneously appears quite different (Fig. 
1e). Fluorescence is observed at locations of nanorods 
as well as in-between. Signal variations occur on the 
500 nm length scale rather than at nanorod dimen-
sions. This observation indicates that the optical sig-
nal might be dominated by a wetting layer. This would 
mean that the geometry defining the interaction be-
tween substrate and molecular film is primarily that of 
the wetting layer and not the nanorods. To corroborate 
this hypothesis, studies of the local exciton dynamics 
are now under way.

Ultrafast carrier dynamics in a single graphene layer 
was another topic we investigated in collaboration with 
the theory group of A. Knorr, TU Berlin [BKW11]. Fem-
tosecond pump-probe experiments with a 10-fs time 
resolution allowed to discern the different relaxation 
stages of photoexcited electron-hole pairs in time. The 
relaxation scenario is close to that found in semicon-
ductors with an equilibration of carriers into separate 
electron and hole distributions on a 250 fs time scale 
and carrier cooling by intraband optical phonon emis-
sion within 1-2 ps. Carrier cooling and the recombina-
tion and electrons and holes are strongly influenced by 
hot phonon effects.

UP2(1): High-field transport in an electron-hole 
plasma: Transition from ballistic to drift motion 

We studied the time evolution of high-field carrier trans-
port in bulk GaAs with intense femtosecond THz pulses 
[BKR11b]. In the absence of scattering, an electron in a 
crystal travels ballistically driven by an external electric 
field E. In most cases, however, electric charge trans-
port in metals and semiconductors occurs under condi-
tions where scattering of electrons with the lattice rand-
omizes the electron motion, limiting the velocity. Even-
tually, such friction results in driftlike transport, in which 
the electron velocity is proportional to the driving electric 
field. Microscopic interactions such as electron-phonon 
scattering, electron-impurity scattering, and scattering 
from imperfect interfaces in low-dimensional systems 
result in scattering times down to the sub-100 fs time 
range, destroying transport coherences very efficiently. 
So far, the transition from coherent ballistic to incoher-
ent drift-like transport has not been explored in much 
detail. This transition regime is highly relevant for under-
standing the onset of friction, which is connected with 
quantum coherences and their damping by interactions 
among carriers and with the lattice. Such phenomena are 
important for understanding basic physical properties of  

Fig.	2:		
Measured emitted fields (proportional to the current, 
dots) from (a) holes only, (b) electrons only, and (c) 
from an electron-holeplasma. The measured data are 
compared with two limiting cases:Perfect drift transport 
(dashdotted line) and perfect ballistictransport (dashed 
line). The solid lines give the results of our model. The 
experimental errors are shown by error bars in (a) and 
(b) and by the symbol size in (c) and in Fig. 2. (d) Band 
structure	of	GaAs	near	k	≈	0.
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coherent charge transport in solids and for solid state 
devices working at high bias fields and/or frequencies. 
In 2011, we studied high-field charge transport in an elec-
tron-hole plasma driven by ultrashort THz transients.A 
systematic variation of experimental conditions gives 
clear insight into the transition from ballistic to drift-like 
electron transport. In our experiments, the carriers in the 
sample are accelerated by an external THz field transient 
with a maximum amplitude of 50 kV/cm. The field radi-
ated by the carriers is detected in amplitude and phase 
by electro-optic sampling. Comparing the phase of the 
field radiated by the accelerated carriers with that of the 

driving field allows for an assessment of the character of 
charge transport. Some key results are shown in Fig. 2. 
While the hole current (panel a) is much smaller than the 
electron current (panel b), the presence of photo-excited 
holes (panel c) has a strong impact on electron transport 
by introducing a friction force that builds up on a time 
scale of the order of 1 ps.

This friction originates from the heating of the hole dis-
tribution by the THz driving field and the resulting en-
hanced electron-hole scattering. We described our 
measurements with a theoretical model for the tran-
sient dielectric function of the electron-hole system and 
showed that the time-dependent screening of the exter-
nal field by the carrier plasma leads to pronounced local-
field effects. The model correctly describes the transition 
from ballistic to drift transport and the influence of holes 
on electron motion.

Our main findings can be summarized as follows. The 
current in an electron-hole plasma is not equal to the 
sum of the currents in an n-type sample (only electrons) 
and a p-type sample (only holes). While the hole current 
is negligible compared to the electron current, the pres-
ence of holes leads to a transition of electron transport 
from ballistic to driftlike. This buildup of friction is caused 
by electron-hole interaction leading to local-field effects 
and a strong energy exchange.

 
UP2(2): Strong correlation of electronic and lattice 
excitations in GaAs/AlGaAs semiconductor quan-
tum wells revealed by two-dimensional terahertz 
spectroscopy

We extended the analysis of our recently developed 
collinear scheme of 2D-THz-spectroscopy in order to 
derive so-called 2D correlation spectra [KRW11a]. To 
this end different rephasing and nonrephasing contribu-
tions to the third-order response are separated within 
the 2D frequency space exploiting different time order-
ings of the pulses. As a prototype application, we meas-
ured 2D correlation spectra of intersubband excitations 
of electrons in coupled semiconductor quantum wells 
[KRW11c]. 

We studied the fundamental interaction of large elec-
tronic IS dipoles with LO phonon excitations by collinear 
2D THz spectroscopy of coupled GaAs/AlGaAs quan-
tum wells (QWs) with subband energy spacings tailored 
to be close to the LO phonon energy. We demonstrat-
ed for the first time a strong polaronic coupling which 
governs the nonlinear IS response and dominates over 
Coulomb correlations of the IS dipoles. From the IS 2D 
spectrum, we quantitatively derived a dipole-dipole cou-
pling between the IS excitation and LO phonons much 
stronger than the electron-LO phonon coupling in bulk 
GaAs. The large coupling strength is due to dynamic 
localization effects in the electron wave function.

The sample studied here was grown by molecular beam 
epitaxy and processed into a prism shape. It consists of 
coupled GaAs QWs of 9 and 12 nm width, separated by 
2-nm-thick Al0.35Ga0.65As barriers. The nine pairs of cou-
pled QWs are separated by 15-nm-thick Al0.35Ga0.65As 

Fig.	3:	
(a) Measured 2D correlation spectrum as a function of 
the excitation frequency n1 and detection frequency n3. 
One observes strong signals along the excitation fre-
quency n1 between the major IS absorption lines due 
to the polaronic nature of IS transitions. The dashed 
lines indicate various transitions in the coupled system.
(b) Calculated 2D spectrum of the undressed elec-
tronic IS oscillator. 
(c) Calculated spectrum of the dressed oscillator, 
showing polaronic signatures. Right panels: Measured 
(a) and calculated (b), (c) linear IS absorption. In (a) 
the spectra of pulses A and B are shown.



58

barriers, the centers of which are doped with Si, result-
ing in an electron concentration of ns = 1012 cm-2 per 
pair.

In Fig. 3(a), we present the 2D correlation spectrum 
of the sample measured with electric-field amplitudes 
of the two THz pulses of 70 and 90 kV/cm. The third-
order nonlinear signal is plotted as a function of n1 and 
n3. Positive signals correspond to an increase of sample 
transmission, negative signals to a decrease. The 2D 
spectrum displays several - partly overlapping - peaks 
on the diagonal and a variety of off-diagonal peaks. The 
diagonal signal includes peaks at the positions of the 
two IS absorption lines and between them. The signals 
show strong cross peaks with each other and with the 
1 - 3 and 2 - 4 transitions. 

We found an extremely strong correlation of electronic 
and lattice excitations in this system consisting of two 
coupled quantum wells. Coulomb-mediated interac-
tions between intersubband excitations of electrons in 
the wells and longitudinal optical phonons are revealed 
for the first time by a detailed analysis of the multitude 
of diagonal and off-diagonal peaks observed in the 2D 
correlation spectrum. The experiments give evidence of 
strong polaronic signatures in the nonlinear response.

The strong correlation of electronic and lattice excita-
tions is confirmed by model calculations shown in the 
lower panels of Fig. 3. Panel (b) shows the calculated 
2D spectrum of the undressed electronic IS oscillator. 
Panel (c) shows the calculated spectrum of the dressed 
oscillator, showing the same polaronic signatures as ob-
served in the experiment.
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1. Overview

Research in this project is focused on analysis of ma-
terials and devices, which are relevant as optoelec-
tronic emitters. This involves high power diode lasers, 
diode laser arrays, and single-mode emitters for the 
650 -1000 nm wavelength range as well as quantum dot 
based emitter materials showing bright luminescence 
in the 800 - 2400 nm range. The latter nanostructures 
are designed for both, diode laser and light-emitting  
diode applications. The overarching research targets are 
the mechanisms, which define the limits of the devices 
in terms of high-power operation, brightness, spectral 
bandwidth, and reliability. In case of the diode lasers, 
the emission power limits represent a central issue. The 
Catastrophic Optical Damage (COD) process represents 
one major limit for achieving ultrahigh optical output 
powers. This sudden degradation takes place at high 
optical loads at the outcoupling facets. We analyze this 
process with sub-ns temporal resolution. Except for the 
understanding of mechanisms involved into the process, 
operation at utmost high power levels is attractive from 
the point of view of application, because this might re-
duce the number of pump diodes in a laser module. Thus 
there is also a very practical driving force. Eventually this 
work will contribute to knowledge-based improvement of 
high-power and high brightness laser sources. 

Further research involves the carrier transfer in nano-
structures and the evaluation of nanostructure materi-
als as gain materials. All optoelectronic materials and 
devices are provided by external partners. Laser-based 
analytical tools are developed and applied to study a 
broad range of devices and semiconductor material. 

In 2011 we worked on the following scientific topics:

•	 Emission	 properties	 of	 broad-area	 diode	 lasers	 at	 
 utmost high emission power levels [HTB11].

•	 COD	in	different	types	of	diode	lasers	analyzed	with	a 
 sub-nanosecond time-resolution [HTH11, TZH11].

•	 Analysis	 of	 laser-emission-enhanced	 defect	 propa- 
 gation in quantum wells [HTB11, HMT11]. Selected 
 achievements on this topic will be addressed in the 
 subsequent results-section. 

•	 Carrier	 transfer	 and	 recombination	 in	 InGaAs	 QD- 
 assemblies such as tunnel-injection structures and 
 QW-QD-structures couples via nano-bridges [STT11]. 
  
•	 Optical	 properties	 of	 PbS	 QDs	 in	 glass	 matrices. 
 Structural properties are derived from optical spectra, 
  and photoluminescene analysis allows for precise  
 tailoring of the emission range.

•	 Results	 obtained	 within	 the	 EU	 funded	 project 
 BRIGHTER (see http://www.ist-brighter.eu), which has 
  been completed already in 2010, have been conclu- 
 ded and published [ABT11a, PZT11].   

2. Subprojects and collaborations

In 2011 we successfully completed our work within the 
BMBF projects HEMILAS and SPECTRALAS (see http://
www.ot-inlas.de). Within the BMWi project “Breitbandige 
Lichtquelle mit Quantendots dotiertem Glas - Weißlicht-
quelle” we act as a sub-contractor for the Institute for 
Scientific Instruments, Berlin. In line with the practice-
oriented character of the research, there are collabora-
tions with leading optoelectronic companies such as Os-
ram Opto Semiconductors, Dilas GmbH, Jenoptik Laser, 
3S-Photonics, and Alcatel-Thales III-V-Lab, but also with 
small and medium-sized enterprises on the campus. To-
gether with these partners we applied for new projects 
within the national and international frame. 

University partners are the Universidad de Valladolid 
(Spain), the Cardiff University (UK), and the St. Peters-
burg State University (Russia). There are scientific links 
to research institutes such as the Tyndall National Insti-
tute Cork (Ireland), the Ferdinand-Braun-Institute (Ber-
lin, Germany), Max Planck Institute of Microstructure 
Physics (Halle/S., Germany), the Fraunhofer Institute 
for Applied Solid-State Physics (Freiburg, Germany), 
the EMPA Dübendorf (Switzerland) and the Ioffe Physi-
cal Technical Institute in St. Petersburg (Russia). 

Results in 2011

There are already reports on the COD effect, most of 
them relying on the analysis of the resulting damage 
pattern after COD has finished. In contrast, our work 
addresses the kinetics of COD on a multitude of time 
scales, in order to separate the different steps of the 
process in time and identify the relevant driving forces. 
In the following, we will present results of in situ monitor-
ing of the COD process with two different experimental 
approaches. 

First, there are thermocamera measurements, which 
employ Planck’s radiation (released during the process) 
to identify exactly the location, where the degrada-
tion process is active [HMT11]. Since thermocameras 
have final integration times, the desired time resolution 
is achieved by operating the device in single pulses. 
This allows for time-slicing the COD process; i.e. it is 
interrupted at the end of a pulse and re-ignited in the 
following one. Fig. 1 shows flashes of Planck’s radia-
tion obtained in 23 subsequent pulses. Obviously, at  
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least 22 re-ignitions of the process are possible. Fig. 2 
(a) shows the local positions of the flashes plotted on 
top of a cathodoluminescence map of the same area. 
This map has been obtained after destructive opening 
of the device. It represents the spatial intensity distri-
bution of the quantum well emission and serves here 
as a measure of the local quality of the gain medium. 
Darker areas indicate poor quantum well luminescence. 
The dark lines are formed by extended defects such as 
dislocation networks. Analysis of these defects is cur-
rently underway. Obviously these defects are a result 
of the degradation process, which releases the thermal 
emission as well. 

Fig. 3 shows transient nearfields of laser emission 
within single 300 ns pulses as traced by streak cam-
era measurements [HTB11]. These experiments at high 
pumping levels show the evolution from a gain- to a 
thermally induced index-guided emission regime. This 
effect additionally increases the optical load at the facet 
and therefore also the facet temperature. Additionally, 

Fig.	1: 
Time evolution of the thermal radiation from a diode laser with a window in its top contact. (a) The geometry of the de-
vice is detected as grayscale image (emissivity contrast). The window appears as bright rectangle in the center of the 
diode laser. The bright lines are bond wires. The red dotted rectangle gives the region shown in (b-w). (b-w) Evolution 
of the thermal signal as monitored during 23 successive 1 µs long single current pulses with an amplitude 
of 11 A, using the same color code as in (a).
.

Fig.	2:	
Motion of the center of gravity of the thermal radia-
tion (red circles, obtained from the data shown in 
Fig. 1) overlaid to a cathodoluminescence map 
of the laser plane as determined after destructive 
opening of the device. 
(b) Sum of all thermal images, see Fig. 1 (a-w), 
overlaid by damage pattern found in CL measure-
ment (reddish). The small stripe of top-contact 
material (left to protect the facet while the window 
is created by laser ablation) is indicated by the yel-
low shaded area. Therefore the thermal signal is 
reduced there.

Fig.	3:	
(a) Evolution of the nearfield of laser emission 
during a 300 ns pulse of 10 A amplitude. The red
arrow indicates, where and when the COD starts. 
(b) Nearfield evolution during the next 10 A pulse 
including a re-ignition of the COD. (c) Nearfield 
evolution during a low power test pulse made after 
the pulse that is shown in (a). (d) Nearfield evolution 
during a low power test pulse after the following pulse 
with the COD re-ignition; see (b). Grayscales are 
normalized (white high signal, dark low signal). 
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a distinct rise in the bulk temperature is measured. To-
gether, these two sources enable a microscopic part of 
the	 facet	 (≤	 2	 µm)	 to	 reach	 the	 temperature	 required	
for COD. Once the COD process is ignited, the output 
power drops mainly due to the lateral growth of the dam-
aged site; see Fig. 3 (a). This is clearly visible as well  
as the lateral widening of the dark region. This COD 
kinetics translates into defect creation kinetics. This is 
confirmed by opening of devices in different stages of 
degradation among them very early ones. Knowledge of 
defect creation kinetics in different laser structures and 
material systems, however, allows for the determination 
of the defect propagation mechanisms. Accordingly we 
learned the defect propagation within the quantum well 
of an operating device to be most likely not accompa-
nied by genuine melting. It rather represents a disloca-
tion motion being ‘optically pumped’ and taking place 
below the melting point of the quantum well material.  
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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 in-
strumentation such as X-ray optics and spectrometers. 
The current applications focus on time-resolved X-ray 
diffraction experiments on both single crystals (rotation 
method) and powdered samples (Debye Scherrer meth-
od) using two high repetition rate laser-driven plasma 
sources. The development of a highly brilliant soft X-ray 
plasma source for X-ray analytics as well as the com-
missioning of a novel X-ray microscope for the water 
window region (2.4 - 4.4 nm) are subjects of collabora-
tion with partners from academia and industry. 

 
2. Subprojects and collaborations

UP1: Instrumentation, generation and application of X-
rays from laser-based sources. Most of the work in this 
subproject is done in the framework of the Berlin Labo-
ratory for Innovative X-ray Technologies (BLiX). BliX 
(www.blix.tu-berlin.de) is jointly operated by the Institut 
für Optik und Atomare Physik of the TU Berlin and the 
Max-Born-Institut. BLiX is the „Leibniz-Applikationsla-
bor“ of MBI. It addresses scientific issues of importance 
to science and industry in order to transfer research 
results in prototypes. MBI contributes to BLiX with the 
transfer of a novel type of X-ray spectrometer based on 

thin foil highly oriented pyrolytic graphite crystals, the 
commissioning of a thin disk laser system as a driver 
laser for a plasma based highly brilliant XUV source and 
a laboratory based X-ray microscope. 

Collaborations: Prof. B. Kanngießer (Technical Univer-
sity Berlin); W. Diete (Bruker Advanced Supercon GmbH, 
Bergisch-Gladbach); M. Hoefer (Fraunhofer Institute for 
Laser Technology, Aachen); Dr. T. Feigl (Fraunhofer 
Institute for Applied Optics and Precision Engineering, 
Jena); Dr. G. Schneider (Helmholtz-Zentrum Berlin, 
BESSY); Prof. H. Hertz (KTH Royal Institute for Tech-
nology, Stockholm, Sweden); Dr. D. Ursescu (National 
Institute for Laser, Plasma & Radiation Physics, Bucha-
rest, Romania); Prof. K. Janulewicz (Advanced Photon 
Research Institute, Gwangju, Korea); Prof. T. Kawachi 
(Kansai Photon Science Institute, Nara, Japan).

UP2: Investigation of phase transitions and structural 
dynamics in solids, in close collaboration with project 
3-02.

3. Results in 2011

UP1(1): Laboratory X-ray microscopy in the water 
window region: The Laboratory Transmission X-ray 
Microscope (LTXM) was transferred to BLiX in 2011 af-
ter demonstrating it’s functionality at MBI. First images 
of diatoms and zone plate structures were taken with 
< 40 nm resolution (Fig. 1). It was shown that the X-
ray microscope enables the detection of a high quality 
microscope image at 2.48 nm with a magnification of 
x1000 in a field of view of 45 µm with a data accumula-
tion time of less than one minute. Further reduction of 
the acquisition times by exchanging the used multilayer 
condenser optics and by an upgrade of the high power 
high repetition laser system to 130 W are under way 
and will enable the acquisition of a high resolution mi-
croscope image in less than 20 s. In Future the LTXM 
will be applied in the investigation of bone disease and 
microstructures in clays together with external users at 
BLiX.

UP1(2): Highly brilliant soft X-ray source for spec-
troscopy in the 100 - 1200 eV range: A high average 
power, high spectral brightness laser-driven plasma-
source designed for spectroscopic purposes has been 
developed for BLiX in close collaboration with IOAP/TU 
Berlin and BESTEC GmbH [MJT11]. The main compo-
nents of the source are a high average power (up to 
25 W) Yb:YAG thin disk laser system (pulse duration 
between 200 and 1000 ps and a single pulse energy up 
to 250 mJ@100 Hz) and a vacuum chamber containing 
a rotating copper target cylinder. 

3-04: Transient Structures and Imaging with X-Rays  
M. Woerner, H. Stiel (project coordinators)
and G. Blobel, B. Freyer, V. Juve, H. Legall, C. Pratsch, Ph. Rothhardt, J. Stingl, F. Zamponi

Fig.	1:	  
Microscopic image of a diatom taken @ 2.48 nm with 
the LTXM. Recording time: 300 s @ 60 W average 
laser power. Please note the nearly homogeneous  
illumination of a large field of view.
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Depending on the needs of the application the source 
emits soft X-ray radiation in the wavelength region be-
tween 1 and 20 nm (cp. Fig. 2). The main application 
of the plasma source is the investigation of L-edges of 
transition metals, thus enabling analysis of samples with 
a depth resolution in the nm-regime using X-ray emis-
sion as well as near edge X-ray absorption fine struc-
ture (NEXAFS) spectroscopy at BliX. Besides, this the 
source can be used for metrology purposes for the next 
generation extreme ultraviolet lithography at 6.7 nm.

UP1(3): Plasma based X-ray laser (XRL) for imaging 
and spectroscopy

The optimization of a table-top plasma based X-ray la-
ser” as a user station, operating in the EUV-region be-
tween 10 and 25 nm is the main topic in this sub-project. 
The basic concept of the XRL is a grazing incidence 
pumping scheme (GRIP) allowing the reduction of the 
pump energy down to 1 J. For applications in spectros-
copy and imaging, requiring a good signal-to-noise ratio, 
high repetition rate operation of the XRL is crucial. To 
overcome the limitation in repetition rate of commercial 
Ti:Sa pump laser systems we have developed a fully 
diode pumped solid state laser using thin Yb:YAG disks 
as active material (see project 1-02). The thin disk la-
ser in CPA configuration allows repetition rates up to  
100 Hz. According to the GRIP geometry the thin disk la-
ser driver provides two different amplifier chains allowing 
to optimize both pulse duration and energy for the pre-
heating (~ 200 ps pulse duration) and the heating pulse 
(~ 5 ps). The long pulse is focused at normal incidence 
on a metal tape target using a combination of a spherical 
and cylindrical lens (Fig. 3) to a line focus of 35 mm width 
and about 3 mm length whereas the short pulse hits the 
target at an grazing angle between 14 and 20 degree. 
The main issue using the GRIP scheme at relatively low 
pump energies are the exact spatial and temporal over-
lap of the two pulses as well as the correct adjustment of 
the grazing angle. To find the optimum excitation condi-

tions for the XRL model calculations have been carried 
out together with APRI (Gwangju, South Korea) in the 
framework of a German-Korean collaboration. Based 
on these calculations first XRL experiments with a Mo 
target using long pulses with 100 mJ energy and short 
pulses with about 200 mJ at an optimum grazing angle 
of 20 degree were carried out. The expected XRL out-
put is in the order of few hundred nJ in < 5 ps pulses 
in a bandwidth Dl/l < 10-4. The performance (coher-
ence, polarization, pulse shortening) of a plasma based 
XRL can be enhanced by seeding with high harmonic 
(HH) generation. The basic physics of a seeded XRL 
was analyzed by using the Maxwell-Bloch equations in-
corporating time-dependent gain, random spontaneous 
emission, atomic level degeneracy and polarization in a 
collaboration project with APRI (Gwangju/South Korea) 
and JAEA (Nara, Japan). It was found [KJL11] that by 
proper adjustment of the HH pulse a seeded XRL with 
a pulse duration < 250 fs with a nearly perfect temporal 
and spatial coherence is feasible. 

It is planed to use the XRL user station for coherent dif-
fraction imaging (CDI) experiments. CDI is a lensless 
imaging technique. It allows to detect phase shift as well 
as amplitude variations induced by the object under in-
vestigation. To do this, phase retrieval algorithms have 
been optimized and implemented. The performance of 
the algorithms has been demonstrated using experimen-
tal data gained from a CDI experiment at wavelengths in 
the visible range [diploma thesis C. Pratsch]. 

 

UP2(1): Femtosecond X-ray diffraction using the ro-
tating crystal method

In 2011 we presented the first implementation of the 
rotating crystal method in femtosecond X-ray diffraction 
[FSZ11]. A pump-probe scheme maps structural dynam-
ics of a photoexcited bismuth crystal via changes of the 
diffracted intensity of many Bragg reflections.

A drawback of the powder method is that it cannot re-
solve reflections which have accidentally or systemati-
cally the same diffraction angle. In contrast, the rotation 
method with single crystals gives diffraction spots in-
stead of rings, and, thus, allows for resolving reflections 
with equal diffraction angle.

Fig.	2:	   
Soft X-ray emission from the laser-based plasma 
source in the 1 keV region. The photon flux in the 
hatched	area	corresponds	to	>	1013 ph/s making the 
source suitable for laboratory X-ray fluorescence in-
vestigations of transition metal containing compounds. 
Target: copper.

Fig.	3:	   
Scheme of the table-top X-ray laser user station (XRL).
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To demonstrate the performance of our method, we re-
alized a rotating crystal experiment on bismuth which is 
presented in the following. X-ray probe pulses are gener-
ated by a 1 kHz laser driven plasma source and focused 
onto the sample. The spot diameter on the sample is 
200 mm and the flux of X-ray photons is about 106 s-1. We 
used a single crystal of bismuth with a cylindrical shape. 
The sample has a diameter of 8 mm, a thickness of  
2 mm, and a surface roughness of 30 nm. The sample is 
excited by an 800 nm pump pulse and probed by a hard 
X-ray (l = 0.154 nm) pulse under respective angles of 
grazing incidence of 7° and 1.5°. We chose the grazing 
incidence scheme to adapt the penetration depth of the 
probe to the penetration depth of the pump. The latter 
is not affected by the incidence angle. The pump pulse 
is p-polarized and the area density of absorbed energy 
has a value of 1 mJ / cm2. To ensure that the angle of in-
cidence remains constant while rotating the sample we 
aligned the rotation axis to be exactly perpendicular to 
the sample surface. As a reference for the fluctuations 
of the X-ray source we used the (111) reflection of a 
60 mm thick diamond crystal in the incident X-ray beam. 
This X-ray beamsplitter reflects approximately 5% of the 
incoming X-ray intensity.

To enhance the signal-to-noise ratio we oscillated the 
sample within a 15° range and slowed down the an-
gular velocity at positions where reflections occur. All 
reflections, including the reflection from the diamond 
crystal are measured simultaneously and integrated on 
a deep depletion CCD. Averaging over a large number 
of individual pump-probe scans gives the transients 

shown in Fig. 4. The diffracted X-ray intensity is plotted 
as a function of pump-probe delay for the (222), (111), 
(322) and (323) diffraction peaks. Note, that the oscil-
latory behavior of the (111) reflection is clearly visible 
even	 though	 the	effect	size	 is	only	≈	5%.	This	proofs	
the high time resolution and the high sensitivity of our 
method. In the third and fourth panel of Fig. 4 we show 
the first measurement of the (322) and (323) transient 
reflection, the (322) reflection shows an oscillation with 
identical frequency and phase as those of the (111) 
transient.

We wish to emphasize that in the rotation method, as 
well as in the powder method, all reflection are meas-
ured simultaneously. This fact makes sure that all re-
flections are measured under the same conditions, e.g., 
pump intensity, spatial overlap and temporal overlap. In 
contrast to powder-diffraction, the rotation method al-
lows for a separation of different reflections which have 
the same diffraction angle.

UP2(2): Ultrafast soft-mode driven charge reloca-
tion in an ionic crystal

Ionic crystals display an interplay of lattice motions and 
relocations of electronic charge which is important for 
their macroscopic electric properties and for transitions 
between different structural phases. The dynamics of 
such phenomena occurs in ion ultrafast time scales and 
is addressed here by applying femtosecond X-ray dif-
fraction as a structural probe. From an extended set of 
time-resolved diffraction data generated by X-ray pow-
der diffraction, we derived transient electron density 
maps of the prototype material potassium dihydrogen 
phosphate [KH2PO4, KDP] the crystal structure of which 
is shown in Fig. 5(a) [ZRS, ZSW].

In Fig. 5(a) the unit cell of KDP is depicted. Its space 
group at room temperature is I42d (No. 122). The unit 
cell dimensions are a= b= 0.74529 nm, c= 0.69751 nm 
with four formula units. The crystal consists of K+ ions 
and covalently tetrahedral PO4 groups which are linked 
by O-H-O hydrogen bonds. Ionic bonds exist between 
the K+ cations and H2PO4

- groups.

In an optical pump/X-ray probe scheme, the KDP pow-
der sample was excited by a 50 fs pulse at 266 nm, 
the third harmonic of amplified pulses from a Ti:sapphire 
laser system, and the resulting structure changes were 
mapped by diffracting a 100 fs hard X-ray pulse from 
a laser-driven Cu Ka (wavelength 0.154 nm) plasma 
source from the excited sample. In the optical excitation 
process, the two-photon interband absorption of KDP 
was exploited. The diffracted X-rays were recorded with 
a large-area CCD detector. 

A powder pattern as acquired with a 7 min exposure 
time of the CCD detector is shown in Fig. 5(c). The 
panels (d, e, f) in Fig. 5 are transients of selected X-ray 
reflections, i.e., the change of the diffracted X-ray flux 
integrated over a particular Debye Scherrer ring is plot-
ted as a function of pump-probe delay. We note here 
that, for the first time for this kind of measurements, 
a sensitivity better than one percent was achieved. 

Fig.	4:	   
Reflectivity change of particular reflections measured 
with the rotating-crystal experiment. The solid lines 
are guides to the eye. 

¯
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In Fig. 5(b), an electron density map as calculated from 
steady-state literature data is shown. The position and 
orientation of this plane is sketched in Fig. 5(a): it goes 
through the top and bottom K atoms, the central P atom 
and two of the surrounding O atoms. To extract transient 
charge density maps from the time-resolved diffraction 
data, we developed a novel method and applied it to this 
non-centrosymmetric material. In Figs. 5(g, h), the cor-
responding changes of the electron density on the plane 
for a delay t = -0.1 and +0.5 ps are shown. 

The ultrafast charge relocations were analyzed in de-
tail by (i) integrating hDr(x, y, z, t) over the volume 
VA of a particular atom A [the borders between differ-
ent VA are shown as solid lines in Figs. 5(g, h, i)] giv-
ing the total charge change hDqA(t), and (ii) by de-
termining its transient broadening along the c-axis 
hDz2(t) and a/b-axes hDx2(t) within this volume. Upon 
photoexcitation, we observe both an oscillatory charge 
transfer between the P- to the O-atoms and a concomi-
tant quadrupolar distortion of the K+ charge distribution. 
The oscillation frequencies are the low-frequency TO 
soft mode of the paraelectric crystal, its LO counterpart, 
and various combination tones. Interestingly, the modu-
lation of the electronic charge distribution occurs on 

the length scale of interatomic distances, much larger 
than the vibrational amplitude. The coherent LO and TO 
phonon motions which dephase on a time scale of sev-
eral picoseconds, drive the charge relocation, similar to 
a soft (TO) mode driven phase transition between the 
ferro- and paraelectric phase of KDP.

Own Publications 2011 ff   
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Fig.	5:	   
(a) Unit cell of KDP in the paraelectric phase (yellow spheres: phosporous atoms (P), pink: potassium (K), red: oxygen 
(O), white: hydrogen (H)).  
(b) Equilibrium electron density map r0(r)	in	the	plane	defined	by	the	rectangle	in	(a).	The	system	of	polyhedrons	enclos-
ing the different atoms used for the data analysis is shown as black lines.  
(c) Typical powder pattern acquired after 7 min exposure time. Inset: raw data from the CCD detector with the ring pattern.  
(d,	e,	f)	Transient	behaviour	of	three	selected	reflections	as	a	function	of	the	delay	between	optical	pump	pulse	and	the	
X-ray probe. 
(g,	h)	Transient	change	of	the	electron	density	distribution	in	the	plane	defined	in	(a):	red	means	increase	and	blue	de-
crease.  
(i) Positions of atoms in the plane together with a schematic view of the main features emerging from the measurements: 
charge transfer from phosphorous atom to the oxygen atoms and the prolate-oblate deformation of the charge around the 
Totassium atom.
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1. Overview

Project 3-05 has been started in 2011 as part of the new 
research direction “Attosecond physics” with the goal 
to investigate time-resolved electron dynamics on the 
femto- to attosecond time scale. In particular, we want 
to understand the correlation between photo-induced 
electronic and nuclear dynamics starting from small 
molecules and proceeding gradually to larger polyatom-
ic systems. This scientific goal is very similar to the one 
of project 2-05, UP1.

As a new and complementary approach the develop-
ment of a novel source of ultra-short, coherent XUV 
pulses with high repetition rate (MHz) is proposed ena-
bling coincidence experiments, which allow detection 
of the momenta of all outgoing charged particles. The 
source should be capable of producing XUV (extreme 
ultra-violet) light pulses with a repetition rate on the or-
der of MHz. To this end, new methods to generate high 
harmonics (HHG) will be explored, e.g. HHG assisted 
by field enhancement in plasmonic nano structures. 
 
 
2. Subprojects and collaborations

The project is subdivided into a theoretical and experi-
mental subproject.

This project is part of the Leibniz graduate school 
“Dynamics in new light”, which also includes a strong 
collaboration with the group of Eckart Rühl at Free 
University Berlin. Furthermore, collaboration exists with 
Matthias Kling at MPQ Munich. In 2011 we established 
cooperation with Claus Ropers from University Göttingen 
with whom joint experiments on the characterisation 
of XUV radiation emitted from nanostructures are 
planned for 2012. These nanostructures are provided 
by the Nano Center at AMOLF, Amsterdam. In addition, 
new possibilities to produce metallic nanostructures 
have been discussed with Gerd Schneider from the 
Helmholtz-Zentrum Berlin. In-house collaboration 
exists with projects 1-01 (Ultrafast Nonlinear Optics and 
Few Cycle Pulses), and 2-02 (Ionisation Dynamics in 
Intense Laser Fields) as well as with the theory group 
of Olga Smirnova and the newly established group of 
Misha Ivanov.

 
3. Results in 2011

Theory of low-threshold high-order harmonic generation 
by	field	enhancement	in	metal	nanostructures

In a continuation of our work from 2010 (formerly report-
ed in project 1-01) developing a semi-classical model 

for plasmon-enhanced high-order harmonic genera-
tion (HHG) in a noble gas taking into account the field 
inhomogeneity in “hot spots” [HIH11], we investigated 
possibilities to utilize field enhancement by specifically 
designed metal nanostructures for the generation of sin-
gle attosecond pulses using the polarization gating tech-
nique [HKH11]. We predicted the generation of isolated 
59-attosecond-long pulses using 15-fs, 0.6 TW/cm2 

pump pulses as well as the emission of circularly- 
polarized harmonics from circularly-polarized pump 
(see Fig. 1).

To find alternative schemes for HHG with low-intensity 
pump pulses but with higher efficiencies we studied 
HHG employing field enhancement by metallic fractal 
rough surfaces described by the restricted solid-on-solid 
model [KHH11]. The calculated intensity enhancement 
factors in the range of 103 enables HHG up to the 50-th 
order with a low pump intensity down to tens of GW/cm2. 
The increased interaction volume in the case of graz-
ing incidence for s-polarized pump pulses leads to an 
efficiency for harmonics in the plateau region of about 
10−7 (see Fig. 2).

XUV/IR pump-probe experiments with coincident ion/
electron detection

On the experimental side the main activity in 2011 was 
devoted to set up a new laboratory and the design and 
construction of experimental apparatuses. To reach our 
goal of performing attosecond XUV/IR (infra red) pump-
probe experiments with coincident detection of photo-
electrons and photoions three crucial pieces of equip-
ment are necessary: a high repetition rate laser source, 
an XUV/IR pump-probe setup with attosecond stability 

3-05: Attosecond Nano Photonics  
C. P. Schulz, (project coordinator)
and S. Birkner, F. Furch (since 07/11), J. Herrmann, A. Husakou, D. Kandula, K.-H. Kim

Fig.	1:	   
Isolated attosecond pulse generation employing 
plasmon enhancement and polarization gating for 
15-fs pump pulse with an intensity of 0.6 TW/cm2. In 
the inset, the field enhancement in the vicinity of the 
nanostructure is shown. 
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and a reaction microscope to gather the full information 
on the momentum of all outgoing charged particles. 

Thus, the new laboratory houses a high repetition rate 
(0.4 MHz and higher) laser system. This laser system 
is based on a commercial oscillator (Pulse:ONE, VEN-
TEON) delivering carrier-envelope phase (CEP) stable 
pulses with 6 fs duration. These pulses are amplified in 
a home-built non-collinear optical parametric amplifier 
(OPA) pumped by an Yb-doped fibre amplifier (Tange-
rine, Amplitude Systems). The whole system has been 
moved from the AMOLF to this new laboratory in Au-
gust 2011 and is being presently setup. In its final stage 
we expect that the laser system will deliver CEP stable 
sub-10 fs pulses up to 3 µJ at 0.4 MHz.

As the second essential part an XUV/IR pump probe 
setup has been designed. It consists of three vacuum 
chambers. Fig. 4 shows the scheme. One part of the IR 
laser beam will be focused onto the bowtie nano struc-
tures, which will be mounted inside the first chamber. 
The created XUV pulse will pass through a differen-

tially pumped chamber and then enter the recombina-
tion chamber. In this chamber the second part of the 
IR beam, which will run parallel to the first one, will be 
overlapped with the XUV beam. The recombined beam 
will then be focused into the experimental apparatus by 
means of a toroidal mirror with 30 cm focal length. To 
achieve attosecond stability the vacuum chambers will 
be mounted on the same optical table also carrying the 
laser system. In addition, the length of the two beam 
paths will be controlled by the interference pattern from 
a HeNe laser. All vacuum parts and optical components 
have been constructed during 2011 and have been de-
livered by the end of 2011.

The third and most complex piece of equipment is the 
reaction microscope. It has been built already over the 
last few years but never was in full operation. During 
the design of the pump-probe setup it became clear 
that the parameters of the reaction microscope will not 

fit the new needs of XUV/IR pump-probe experiments. 
Consequently, the spectrometer has been completely 
redesigned. Fig. 5 shows a sketch of the new setup. 
Compared to the old apparatus the vacuum chamber 
has been scaled down to fit to the pump-probe setup. In 
addition, the flight length of the electrons (upwards) and 
the ions (downwards) have been shortened to reduce 
the flight time of the charged particles and consequent-
ly also increase the highest perpendicular momentum  
to be detectable by the position sensitive detector 
(RoentDek). Also shown in Fig. 5 are the coils which 
produce the guiding magnetic field for the electrons. 
To be able to handle the 0.4 MHz repetition rate of the 
new laser system new data acquisition electronics have 
been bought in 2011. This will enable us to determine 
and store the timing and position information for elec-
trons and ions with high time resolution (25 ps) at the full 
repetition rate of the laser. Most of the new parts for the 
redesigned reaction microscope have been delivered 
by the end of 2011 and are presently being assembled. 
 

 

Fig.	4:	   
Design of the pump-probe setup with attosecond sta-
bility. The first vacuum chamber (left) houses the bow-
tie nano structures, where the incoming IR pulse will 
be converted into XUV. In the last vacuum chamber 
the XUV pump- and the IR-probe beam will be recom-
bined and focused into reaction microscope.

Fig.	2:	   
High harmonic spectrum near a metallic fractal sur-
face for a pump intensity of 100 GW/cm2. Thin gray 
curves show the spectra of different random realiza-
tions of the surface, while the red curve is the average 
over the ensemble.

Fig.	3:	   
Photo of the new laboratory with the high repetition 
rate laser system in the front.
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Further activities towards the new research direction 
“Attosecond physics”

To build up a database for the planned XUV attosecond 
studies photoelectron spectra have been measured at 
the BESSY synchrotron facility. In particular, data were 
taken for the diatomic molecules H2, D2, N2, O2, CO and 
in addition CO2 in the range from 12 to 40 eV at the 
U125/2-NIM beam line using a velocity map image (VMI) 
spectrometer. Fig. 6 shows as an example the photo-
electron spectrum of H2 taken at 18 eV photon energy. 
The vibrational excitation of the H2

+ ion can clearly be 
resolved and the angular distribution of the photoelec-
trons can be retrieved from the data. The evaluation of 
the vast amount of data is currently being under way.  

Own publications 2011 ff  
(for full titles and list of authors see appendix 1)

GKS11: G. Gademann et al.; New J. Phys. 13 (2011) 
033002/1-8

HIH11: A. Husakou et al.; Phys. Rev. A 83 (2011) 
043839/1-5

HKH11: A. Husakou et al.; Opt. Express 19 (2011) 
25346-25354

HSG11: M. Holler et al.; Phys. Rev. Lett. 106 (2011) 
123601/1-4

JMV11: J. H. Jungmann et al.; Anal. Chem. 83 (2011) 
7888-7894

KGP11: D. Z. Kandula et al.; Phys. Rev. A 84 (2011) 
062512/1-16

KHH11: K.-H. Kim et al.; Opt. Express 19 (2011) 20910-
20915

LMB11: H. T. Liu et al.; J. Chem. Phys. 134 (2011) 
094305/1-10

PKG11: T. J. Pinkert et al.; Opt. Lett. 36 (2011) 2026-
2027

ZFP11: S. Zherebtsov et al.; Nat. Phys. 7 (2011) 656-662 

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

M. J. J. Vrakking; Workshop Molecular Logic (Leiden, 
The Netherlands, 2011-05) 

M. J. J. Vrakking; Bunsentagung 2011, 110th Annual 
German Conference on Physical Chemistry (Freie Uni-
versität Berlin, Germany, 2011-06) 

M. J. J. Vrakking; FEMTO 10: The Madrid Conference 
on Femtochemistry (Universidad Complutense, Madrid, 
Spain, 2011-07)

Fig.	5:	   
Sketch of the redesigned reaction microscope show-
ing the vacuum chamber with the acceleration field 
created by a stack ring electrodes. The electrons and 
ions are detected by two position sensitive detectors 
from RoentDek. Also shown are the coils which  
produce the guiding magnetic field for the electrons.

Fig.	6:	   
Retrieved photoelectron kinetic energy spectrum  
corresponding to single photon ionization of H2 with a 
photon energy of 18 eV. Different peaks correspond 
to different vibrational levels of the H2

+ molecular ion.
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1. Overview

The general goal of this project is the development of 
lasers and optical measurement systems suitable for 
special applications at the MBI or at the laboratories of 
collaboration partners. 

In 2011, a new topic that deals with the generation  
of sub-10 fs pulses was added to the project. The ap-
propriate OPCPA systems are developed in topic 3 of 
the project. 
    

2. Subprojects and collaborations

The project is organized in the following subprojects:

UP1: Lasers for particle accelerators. This topic con-
tributes to the development of FELs and electron ac-
celerators by providing highly specialized photoinjector 
drive lasers. Thus this work is carried out in cooperation 
with DESY, the Helmholtz-Zentrum Dresden Rossen-
dorf and the Helmholtz-Zentrum Berlin für Materialien 
und Energie. 

UP2: High-power Ti:Sapphire laser system with phase-
tailored pulses. The main task of the subproject is imple-
mentation of new ideas for generation of few-cycles and 
shaped laser pulses for the experiments at MBI.

UP3: Few-cycle OPCPA systems with unique param-
eters. Two femtosecond OPCPA systems are being de-
veloped in the framework of this topic:

a)  A TW-OPCPA system pumped by a high-power thin- 
 disk laser;   
 
b)		A	400	kHz	OPCPA	pumped	by	a	fiber	laser.
  

UP4: The high-order harmonics monochromator beam-
line was developed under the framework of project 4-1 
as	a	source	of	100	fs	XUV	pulses	with	sufficient	energy	
resolution for surface science applications until 2010.
 
The instrument, including a surface science end station 
for time- and angle-resolved photoelectron spectros-
copy, is now operational and has been moved to the 
Femtosecond Application Laboratories (project 4-2). 
The facility has been used to study ultrafast laser-driven 
magnetization dynamics in the lanthanide metal, Gado-
linium. This work is described under project 3-01. 

3. Results in 2011
 
UP1: Lasers for particle accelerators

An important part of the project deals with the gradual 
improvement and maintenance of the lasers developed 
at the MBI in the previous years, which are being used 
at various accelerator labs for driving the photo injectors 
of linear electron accelerators (linacs). This regards the 
following systems:

•	 The	 photocathode	 laser	 of	 the	 FLASH	 FEL	 (DESY 
 Hamburg). The achieved stable operation of this sys-
 tem was essential for successful operation of FLASH
 in 2011.

•	 The	 laser	of	 the	PITZ	 installation	at	DESY	Zeuthen, 
 which generates picosecond pulses of various shapes. 
 This pulse shape allows optimizing the emittance of 
 the electron beams produced by the photo injector.

•	 A	 laser	 driving	 the	 photo	 injector	 at	 the	 Helmholtz- 
 Zentrum Dresden-Rossendorf (HZDR). This laser will 
 be replaced with a new system in spring 2012 (see
 below).

4-1:  Scientific Infrastructure Project: 
Development and Implementation of Laser Systems and Measuring 
Techniques 
 
I. Will, N. Zhavoronkov (project coordinators)
and F. Furch, D. Z. Kandula, M. Kirchhoff, G. Klemz

Fig.	1:   
Scheme of the two-channel photoinjector drive laser developed at the MBI for the photo injector of the ELBE linac at 
Helmholz-Zentrum Dresden-Rossendorf
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•	 A	photocathode	laser	at	Helmholtz-Zentrum	für	Mate- 
 rialien und Energie Berlin. This laser is installed in the 
  HoBiCAT facility at BESSY II and is being used for the  
 development of the photo injector for the Energy Re- 
 covery Linac at BESSY (“BERLinPro”). 

In 2011, we have insured the reliable operation of these 
lasers. This was one of the prerequisites for successful 
operation of the photo injectors at FLASH, PITZ, HZB 
and HZDR. 

Our second important result in 2011 was the develop-
ment of a new, more powerful photoinjector drive laser 
for the superconducting RF gun at the ELBE linac at the 
Helmholz-Zentrum Dresden-Rossendorf (Fig. 1).
 
The main challenge of this development work was posed 
by the required output power of ~ 1 W in the UV (4-th 
harmonics of the infrared laser radiation at 1053 nm 
wavelength), which is mainly limited by thermal effects 
in the wavelength-conversion crystals. It turned out that 
this power can only be reached with 13 MHz repetition 
rate, if the pulses have a duration close to 4 ps (fwhm) 
before conversion. Longer pulses would not reach the 
desired intensity or cause thermal problems in the con-
version crystals at increased power. Shorter pulses, on 
the other hand, contain too much bandwidth and there-
fore cannot be converted to the fourth harmonics with 
suitable efficiency. 

To obtain pulses with the desired duration of ~ 4 ps 
after the main amplifier, three different laser materials 
are combined in the system: Neodymium-doped glass 
is used in the femtosecond oscillator, and Ytterbium-
doped quartz glass in the fiber amplifier. The lasing 
elements of the power amplifier with a maximum out-
put power of 15 W are two Neodymium-doped Yttrium 
Lithium Fluoride (YLF) crystals. This material features a 
high gain, sufficient fluorescence bandwidth for amplifi-
cation of ~ 4 ps long pulses (FWHM) and good thermal 
conductivity. 

In order to achieve the required flexibility in the repeti-
tion rates of the generated pulses, both the preampli-
fier and the wavelength converter were built in a two-
channel geometry. Thus this laser can operate in two 
different modes:

•	 At	 13	 MHz	 repetition	 rate	 with	 a	 pulse	 duration	 of	 
 3 ps (UV) at a maximum power of 0.9 W at 263 nm 
 wavelength.

•	 At	 2...500	 kHz	 repetition	 rate	 (programmable)	 with	 
 12 ps pulse duration and a maximum power of 1.0 W 
 at 263 nm wavelength.

In standard operation, the laser produces a continuous 
train of picosecond UV pulses. In addition to that, the 
system contains appropriate elements to produce burst 
of pulses with a typical programmable burst duration be-
tween 0.5 and 3 ms. This “burst mode” is essential for 
the alignment of the gun and the linac.
The laser pulses are synchronized to the RF of the linac 
with < 0.1 ps fast jitter (phase noise) and a long-term 
drift in the order of 1 ps per hour, which is mainly de-

termined by the temperature stability in the laser room. 
At present, the laser system is being equipped with a 
windows-based control system and will be installed at 
Rossendorf in spring 2012. 

UP2: High-power Ti:Sapphire laser system with 
phase-tailored pulses 

The main task of the subproject in 2011 was the imple-
mentation of new ideas for generation and application 
of few-cycles laser pulses. This development was per-
formed on a basis of filamentation in noble and molecu-
lar gases.

Generation of isolated and well-collimated attosecond 
extreme UV light pulses, required to investigate the 
physical processes of current interest at MBI, is essen-
tially governed by laser pulses with few-cycles pulse du-
ration. To produce these intense, short IR laser pulses 
routinely, a technique based on the nonlinear effects 
occurring in hollow waveguides or in femtosecond fila-
ments could be used. Filamentation arises when in-
tense optical pulses propagate in transparent gaseous 
media and reach a self-guiding regime by sustaining a 
spatial balance of self-focusing, diffraction and plasma 
defocusing. The variety of nonlinear effects in a plasma 
channel contributes to spectral broadening providing 
the requisite background for efficient pulse compression 
down to the duration of a few cycles. 

Radiation from Ti-sapphire laser system operated at  
1 kHz repetition rate with 800 nm central wavelength,  
3 - 5 mJ pulse energy and 30 fs pulse duration, was 
directed into 1.5 m long glass tube filled with Ar or SF6 
gases. The spectrum from the filament in Ar has a typi-
cal shape for noble gases, with the strongly expressed 
fundamental part of the spectrum around 800 nm as it 
is shown in Fig. 2. At optimal gas pressure and adjust-
ment, the spectral bandwidth measured at the 0.01 level 
can be extended up to two octaves but remains below  
100 nm FWHM. The filament in SF6 demonstrated a 
qualitatively different spectral shape, with dramatic 
enhancement in frequency conversion out of the fun-
damental spectral range, especially toward higher fre-

Fig.	2:   
Spectra of the femtosecond filaments generated in Ar 
and SF6.
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quencies. The FWHM of the detected spectrum reached 
almost an octave bandwidth of 440 - 875 nm. 

Such extremely broad and uniform supercontinuum is 
essential for the generation of few-cycle pulses with in-

creased contrast. The entire spectrum from the filament 
in SF6 even supports generation of single-cycle pulses. 
The laser parameters were the same for both gases; 
therefore, the drastic difference observed in the output 
spectra have to be attributed to some specific proper-
ties of SF6. Longer plasma filaments are predicted for 
the gases with higher ionization rates and increased 
plasma defocusing. Higher plasma densities can be 
reached in such gases with the additional effect of ex-
tended blue-shifted spectra. A pair of negatively chirped 
mirrors, catching only the part of the spectrum from  
550 to 870 nm, was used to correct the spectral phase 
of the output pulses. The duration of the resulting pulses 
was measured with a FC SPIDER (APE Berlin) espe-
cially designed for pulses of 5…12 fs duration (Fig. 3) 
at a pulse energy of 0.3 - 0.4 mJ. Such pulse energy is 
sufficient to reach the necessary intensities for genera-
tion of high harmonics (HHG).

Femtosecond pulses with three different durations of  
30 fs, 10 fs and sub-6 fs were used to generate high-
order harmonics in Ar gas. Of the generated harmonics, 
only the 11th to 21st (H11 - H21) passed an aluminum-
foil filter, and subsequently interacted with an effusive 
beam of Kr atoms within a magnetic-bottle photoelec-
tron spectrometer. The magnetic-bottle spectrometer 
collected all photoelectrons that were generated in the 
focal spot of the HHG beam, and directed them towards 
a micro-channel plate detector. The kinetic energies of 
the photoelectrons were calculated from the measured 
time-of-flight and the obtained results were used to re-
calculate the photon energy of the high harmonics. The 
resulting spectra are shown in the figure below.

The remarkable difference in the generated spectra is 
the pronounced shift towards the higher photon ener-
gies and broadening of the lines. The spectral shift is a 
consequence of the typical feature of filamentary spectra 
with strongly asymmetric spectral broadening at shorter 
wavelengths as it is presented in Fig. 2 and Fig. 4. The 
width of the lines for HHG produced with sub-6 fs pulses 
reaches as much as 2 eV FWHM. These results demon-
strate good perspectives for creating efficient IR driver 
for generation of high harmonics based on filaments in 

gaseous media. The combination of CEP (carrier enve-
lope phase) stabilized laser sources and filament based 
compression to realize CEP stabilized single cycle puls-
es for unique applications would be especially attractive.

UP 3:  Few-cycle OPCPA systems with unique pa-
rameters

Two femtosecond OPCPA systems are developed in 
the framework of this topic:

1.  A Terawatt OPCPA system pumped by a high-power 
  thin-disk laser; 

2.  A 400 kHz OPCPA pumped by a fiber laser.

These systems are described in the following sections.

Fig.	4:   
Left: HHG spectra generated with 30 fs and 10 fs. Right: Spectrum of the sub-6 fs pulse (top) and HHG spectrum (bottom).

Fig.	3:   
Few-cycles pulse from filament in SF6 together with its 
temporal phase.
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a) Terawatt OPCPA system pumped by a high-power 
thin-disk laser

The motivation for this TW-OPCPA development is the 
production of isolated attosecond pulses (1000 as =  
1 fs = 10 - 15 s) which are powerful enough to perform 
pump-probe experiments at attosecond timescales. 
Such short pulses are produced by means of high order 
harmonic upconversion of few-cycle laser pulses from 
the infrared or visible to the extreme ultraviolet spectral 
range.

In this frame an amplifier is being developed that is ca-
pable to amplify broadband, near-infrared pulses to an 
energy level of several tens of mJ and thus will reach a 
peak power of several TW in sub-10 fs pulses. The thin 
disk laser system that has been developed in the recent 
years in the frame of the project 1-02 / subproject UP3 
serves as a pump source for the OPCPA. The ampli-
fier is seeded with a commercial laser: rainbow™ HP 
that was purchased from FEMTOLASERS Productions 
GmbH (Vienna, Austria). The output of the rainbow™ 
HP exceeds 400 mW at a repetition rate of 81.25 MHz. 
The pulse duration is below 7 fs.

In contrast to standard Ti:sapphire amplifiers, OPCPA 
systems require precise synchronization between the 

pump and the seed pulses. The optical setup and an 
electronic locking scheme to synchronize the lasers 
were designed in 2011 and after the acquisition of the 
needed components the amplifier has entered its build-
ing phase. A schematic of this amplifier is given in  
Fig. 5. After frequency doubling to 515 nm, the output of 
the thin disk laser is split in three pulses to amplify the 
stretched seed pulses in three nonlinear crystals. The 
seed oscillators for the thin-disk laser and the OPCPA 
are synchronized electronically. After amplification in 
the OPA crystals, the output pulse is compressed in a 
grating compressor. Residual deviations of the spectral 
phase from a linear dependence are detected by means 
of spectral interferometry and corrected in spectral 
phase modulator that is located in the Fourier plane of a 
grating-based stretcher before the amplifier chain. Upon 
completion in summer 2012, the OPCPA is expected to 
deliver laser pulses containing > 10 mJ energy with < 
10 fs duration at a central wavelength of 850 nm.

b)  400 kHz OPCPA pumped by a fiber laser

The development of a novel, ultra-high repetition rate 
Optical Parametric Amplifier (OPA) is currently under-
way. This project was started at the AMOLF institute of 
Amsterdam (The Netherlands) at the end of 2010 and 
launched at MBI in August of 2011. The home-built non-
collinear OPA is expected to deliver Carrier-Envelope 
Phase (CEP) stable pulses with sub-10 fs duration and 
more than 3 µJ of energy at repetition rates of 400 kHz 
or higher. 

The seed pulses for the OPA are generated in an oc-
tave spanning Ti:Sapphire oscillator (VENTEON Fem-
tosecond Laser Technologies GmbH, model Pulse: 
One) that delivers pulses of 6 fs duration and more than 
1 nJ energy at 80 MHz repetition rate, with a center 
wavelength of 800 nm. A small fraction of the oscilla-
tor power is used to measure the Carrier-Envelope Off-
set in an f-2f interferometer, and the CEP is stabilized 
by modulating the pump power with an acousto-optic 
modulator. A small part of the spectrum centered at  
1030 nm is filtered out and coupled to an optical fiber. 
These pulses centered at 1030 nm are then used to seed 
an Yb-doped fiber amplifier (Amplitude Systems, model-

Fig.	5:   
Scheme of the terawatt OPCPA.

Fig.	6:   
Left: Scheme of the non-collinear optical parametric amplifier. Right: A photograph of the actual OPA setup.



75

Tangerine). The fiber amplifier picks pulses at repetition 
rates between 400 kHz and 2 MHz and amplifies the 
energy per pulse up to several tens of µJ. These pulses 
are then frequency doubled in a BBO crystal to deliver  
300 fs pulses with an average power of more than  
10 W (energy per pulse of 25 µJ at 400 kHz) and a cent-
er wavelength of 515 nm. 

The seed pulses from the oscillator and the pump pulses 
from the fiber amplifier are then overlapped in space and 
time in a BBO crystal of the non-collinear OPA. Since 
the fiber amplifier is also seeded by the Ti:Sapphire os-
cillator, the two sources are automatically synchronized. 
Chirped mirrors are used for pulse compression at  
the output of the OPA. The whole set-up is depicted in 
Fig. 6.

Currently the system is delivering sub-20 fs pulses with 
more than 1 µJ at 400 kHz repetition rate. 

This infrastructure will be employed for generating high 
harmonics assisted by Plasmon field enhancement in 
nanostructures (as part of project 1-01) as well as for 
coincident experiments in reaction microscopes (as part 
of the new projects 2-02 and 2-03).

 

Publications   

All publications which have emerged from work in this 
facility are listed under the relevant research projects.
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1. Overview  
 
Research at MBI requires interdisciplinarity in the sci-
entific staff, flexibility in the definition and organisa-
tion of scientific projects, and a longer term scientific 
infrastructure. MBI has chosen to concentrate some 
of its main experimental resources in the application 
laboratories, providing flexible, versatile and cost-
effective access to expensive, state-of-the-art equip-
ment for internal researchers. In addition, the appli-
cation laboratories are particularly suited for MBI’s 
various access activities and collaboration offers ex-
tended to external partners from science and industry. 
 
At present the MBI offers access to six femtosecond  
laboratories:  
•	 VUV	system	  
•	 MultiColor	I	 	 
•	 Sub-50fs	system	 	 
•	 High-Power	Shaped	system	  
•	 80	MHz	system	  
•	 MultiColor	II.	 	  
 
For June this year the final check of the first applica-
tion laboratory for “Attosecond Physics” is expected. 
Access to the already finished HHG beamline will be 
possible at about the same time. This system delivers  
100 fs-pulses tunable in the energy range from  
20 - 35 eV synchronized with a sub-50 fs pulse at about 
800 nm. For more details about this new application 
laboratory the reader is referred to the report of 2009, 
project 4-01. 
 
As proposed in 2010 the operation of the Clark system 
was stopped. The activities and techniques for material 
structuring with ultrashort pulses will from hereon be 
concentrated on the second beam exit of High-Power 
Shaped system.       

 

Based on the very promising results on the generation 
of ultrashort pulses in the vacuum ultraviolet by four-
wave mixing in a gas cell we have reconstructed the 
front end of the VUV system to deliver also sub-50 fs 
pulses at 800 nm with energies up to 6 mJ. With less 
pump energy user operation of the 5th harmonic is pos-
sible again since October 2011. 

As an example of the diverse investigations performed 
at the FAL Fig. 2 shows the time dependence of dual 
pulse laser-induced periodic surface structures (LIPSS) 
in SiO2. The parameters of the perpendicular polarized 
pulses are chosen so that only the combined action in-
duces LIPSS. It is clearly demonstrated that for SiO2 the 
first arriving pulse determines the direction of the rip-
ples. In contrast, for metals and semiconductors neither 
a change of the LIPSS orientation nor of their spatial 
periods is observed in the investigated delay range  
and the stronger pulse always defines the direction of 
the ripples.  

 

4-21: Scientific Infrastructure Project:
Femtosecond Application Laboratories (FAL)
 
F. Noack, E. T. J. Nibbering (project coordinators) 

Fig.	1:   
High-order harmonics beamline and UHV chamber for 
angle-resolved photoelectron spectroscopy. 

Fig.	2:   
Scanning electron micrographs of a fused silica surface after the exposure to 5 double-50-fs-pulse sequences at a  
total peak fluence of 4.2 J/cm² for four varying delays from -100 fs up to +100 fs. The polarizations of the two pulses are 
perpendicular. The insert visualizes the intensity of each pulse of the double-pulse sequence in relation to the ablation 
threshold. Only both pulses together exceed the ablation threshold for 5 pulses. The polarization of the first pulse  
determines the LIPSS direction (parallel to its polarization). Only if the delay of the two pulses is about the pulse duration 
an intermediate 45°-rotation of the LIPSS direction is seen.
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2. User statistics 2011  
 
In 2011 the overall use of the FAL was more than  
70 % of the available access time. About  15 % were 
utilized by visiting scientists mainly supported by DAAD/
DLR (several programs) and the Laserlab Europe pro-
gram. 

Last year we had 12 guest scientists (7 projects) from 
Spain, Russia, Bulgaria, Austria and Italy. 
   

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

The main objective of the High-Field Laser Application 
Laboratory is ensuring the international scientific com-
petitiveness of MBI research in high-field laser physics, 
particularly relativistic plasma dynamics and light-matter 
interaction in ultra-strong electromagnetic fields. In ad-
dition, it serves as an application laboratory for external 
users. 

The objectives are met by combining the results of MBI 
research on high-power lasers (projects 1-02 and 4.2) 
with state-of-the-art commercial lasers in a dedicated 
laboratory environment, including highly specialized in-
strumentation and building infrastructure. The present 
laser equipment, based on two parallel, optically syn-
chronized Ti:Sapphire laser systems with intensities 
in excess of 1019W/cm2 at 25 and 35 fs pulse duration, 
respectively. The systems excel by its pulse contrast 
capability, allowing e.g. the investigation of novel laser 
particle acceleration schemes. Future directions will in-
clude electron acceleration by lasers for which a new 
radiation shielded laboratory has been constructed. 

Development of short-pulse, high-average-power lasers 
for special applications, most importantly lasers for ac-
celerators, free electron lasers (FEL), X-ray lasers and 
a new generation of pump-lasers is pursued in different 
other MBI projects (cf. 1-02). 

During the near-term future the HFL-infrastructure will 
be developed such that the full diversity of relativistic 
pump probe experiments (e.g. imaging of strong fields 
or particle pump and photon probe-scattering will be ap-
plied. This mainly comprises beam line setup during the 
next two years.

Essential experimental infrastructure design and devel-
opment will support the effective realization of external 

access programs (Laserlab-Europe), national collabora-
tion (Transregio18), in-house collaboration and beam 
time for in-house projects.

A new project dealing with electron acceleration to 
GeV-energies will start in 2012. Specifically, the MBI 
two-beam facility will be used for staged acceleration 
schemes, both for electrons and ions. Implementation of 
new systems concerning wave front adjustment, beam 
pointing adjustment and contrast adjustment will be re-
alized. The scientific issues which back these activities 
are discussed mainly in project 2-01.

The architecture of the MBI laser systems and essential 
parts of the final amplifiers and pulse compressors as 
well as beamline construction is such that a significant 
upgrade of pulse energy in both laser arms (i.e. up to 
>300 TW and >100 TW, respectively) is possible. 

In 2011 particle acceleration experiments started in a 
specific lab area which is enclosed in a radiation shield-
ed area. A photo of the laser-area is shown in Fig. 1 and 
a glimpse of a successful access experiments is given 
with Figs. 2 and 3.

2. Description: Experimental areas and 
lasers

The HFL is located in a separate building with restricted 
access due to radiation safety and cleanliness consider-
ations. Its structure and equipment allows to perform a 
variety of laser-matter interaction experiments such as 
single atom ionization as well as complex laser-plasma 
interaction studies. The latter include generation and ac-
celeration of charged particles, with special emphasis 
on protons, electrons, highly charged ions and their ap-
plications. 

4-22: Scientific Infrastructure Project: 
High-Field Laser Application Laboratory (HFL)
M. Schnürer, G. Priebe (project coordinators) 

Fig. 1:  
Photo of the dual beam high intensity laser facility at the HFL: left – compressor with beamline to a Lab with shielding  
enclosure and housed 100 TW Ti:Sa amplifier arm, center (front) – housed power supplies, center (back) – XPW-frontend, 
right – compressor and housed 40 TW Ti:Sa laser.
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Experimental areas:

After the great reconstruction in 2010 (Lab-construction 
with shielding enclosure, XPW-frontend and 100 TW 
laser implementation) operation and interaction experi-
ments started in December 2010. 

The interaction of fast protons or electrons with matter 
causes emission of neutrons and X-rays which require 
a necessary radiation shield. In order to realize experi-
ments within a broad range of parameters and to make 
complete use of the new 25 fs - 100 TW laser a spe-
cial lab with shielding enclosure has been built in 2010. 
The total construction has a load of several 100 tons. 
The walls consist of special concrete with ferric oxide 
which causes the characteristic red colour. A 60 tons 
heavy beam dump is put downstream of the accelerated 
particles. The entrance to the bunker is setup similar to

a baffle. The central wall of the baffle construction is a 
moveable gate. Such it is possible to transport a com-
plete apparatus into and out of the room. The energetic 
particles are slowed down inside the dump and second-
ary produced radiation is absorbed inside the shielding 
enclosure. Experiments aiming for production of ultra-
short GeV electron pulses can be realized now.

Lasers: 

•	 40	TW	Ti:Sapphire:	10	Hz	CPA	(~35	fs,	~1.4	J)	capa-
 ble of delivering intensities of ~ 5×1019 W/cm2. More-
 over the beam parameters like energy, pulse-duration
 can be varied.  

•	 100	TW	Ti:Sapphire:	10	Hz	CPA	(~	25	fs,	2.5	J),	beam
 attenuation stage, first interaction experiments started
 in 2011.

A diversity of diagnostic equipment with high energy 
(spectral), spatial and temporal resolution, consisting of 
optical and X-ray streak cameras, CCD cameras, X-ray 
and EUV-spectrometers and Thomson spectrometers is 
available. The following supporting systems and infra-
structure are available in the High-Field Laser Applica-
tion Laboratory:
 
•	 Auto-correlators	 for	 pulse	 duration	measurement	 of
 Ti:Sapphire laser pulses.
 
•	 SPIDER	for	control	of	the	duration	of	the	Ti:Sapphire	
 laser pulse at full energy (10 fs resolution) and an 
 averaging 3rd order correlator for the Ti:Sapphire 
 laser with high dynamics range. 

•	 Adaptive	 mirror-system	 with	 wavefront	 controlling
 Hartmann sensor (40 TW laser, and newly imple-
 mented for the 100 TW laser in 2011), that ensures
 focus intensities in excess of 1019 W/cm2.  

•	 Beam	propagation	system	for	two	(at	the	moment)	in-
 teraction chambers in separate laboratories, sur-
 rounding the central laser hall (construction will con-
 tinue in 2012).

A principle step in direction towards a new ion accel-
eration scheme is the stable and efficient operation of 
a double plasma mirror which is a key-technology for 
all experiments with nm-thick ultrathin foils. In 2011 im-
proved operation could be demonstrated with the newly 
implemented XPW-frontend. Interaction experiments 
with nm-thick foils will be continued within the Transregio 
18-program in collaboration with the LMU/MPQ Munich. 
Radiation pressure acceleration is a most promising 
scheme (cf. 2-01) and needs further exploration. Also it is 
planned to develop new experiments which make use of 
collective electron dynamics at ultra-high laser intensities.

3. User statistics 2011

After the complete laboratory reconstruction in 2010 
user access started again in 2011. According to the 
general mission of the MBI these facilities are not only 

Fig.	2:  
Photo of an experimental area dedicated for ion ac-
celeration from laser irradiated ultra-thin foils, view to 
vacuum chambers containing the double plasma mir-
ror, interaction setup and spectrometers. 

Fig.	3:  
Photo inside the lab with shielding enclosure: View in 
direction to the beamdump which consists of several 
thousand bricks made of heavy concrete, chamber in 
front contains an interaction setup for ion acceleration 
(cf. 2-01). 
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used for the in-house research (mainly projects 1-02, 
2-01, 2-02 and 3-04), but also offered to external us-
ers who are interested in research collaborations with 
MBI groups, including the DFG funded TRANSREGIO 
TR18 collaborative research consortium. The laboratory 
is also open to external users within the Transnational 
Access Activity of the EU (Integrated Laser Infrastruc-
ture Network LASERLAB-EUROPE) and other bilateral 
cooperation. 

TRANSREGIO TR18 – Ion acceleration using ultra-thin 
foils with collaboration partners from LMU/MPQ, Mu-
nich, Germany:

14.06. - 15.07.2011: P. Hilz and D. Kiefer 
01. - 30.11.2011: K. Allinger.

LASERLAB-EUROPE – Access project mbi001668: 
Investigation of laser driven negative ion sources with 
collaboration partners from The Queen’s University Bel-
fast, Ireland:

14. - 17.06.2011: S. Ter-Avetisyan 
10. - 24.08.2011: S. Ter-Avetisyan and R. Prasad 
01.11. - 16.12.2011: S. Ter-Avetisyan and R. Prasad.

Publications

All publications which have emerged from experiments in 
the HFL are listed under the relevant research projects. 
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efficiency	of	molecular	switches	at	surfaces (Supervisor: 
M. Weinelt), Freie Universität Berlin, 2011-02

Szy11:	Ł.	Szyc;	Ultrafast vibrational dynamics of hydro-
gen-bonded base pairs and hydrated DNA (Supervisor: 
T. Elsaesser), Humboldt-Universität Berlin, 2011-11  

Habilitations  
 
Sch11: T. Schultz; Photochemistry of DNA bases and 
base pairs, Institut für Chemie und Biochemie, Freie 
Universität Berlin, 2011-06
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Invited lectures at conferences
A. A. Andreev; WASET 2011 Winter (Penang, Malaysia, 
2011-02): Laser ion acceleration in tailored mass-limited 
targets 

A. A. Andreev together with K. Yu. Platonov; 9th Work-
shop on Complex Systems of Charged Particles and 
Their Interaction with Electromagnetic Radiation (A. M. 
Prokhorov General Physics Institute, Moscow, Russia, 
2011-04): Ion acceleration from profiled targets by ul-
traintense supershort laser pulse 

A. A. Andreev; 3rd Int. Symposium of Laser-Driven Rel-
ativistic Plasmas Applied to Science, Energy, Industry, 
and Medicine (Kyoto, Japan, 2011-05): Laser ion accel-
eration in mass limited targets  

I. Barth together with O. Smirnova; 20th Int. Laser Phys-
ics Workshop, LPHYS’11 (Sarajevo, Bosnia and Herze-
govina, 2011-07): Electronic ring currents induced by 
excitation and ionization 

I. Barth together with O. Smirnova; Workshop on Study-
ing Quantum Mechanics in the Time Domain, NORDITA 
(Stockholm, Sweden, 2011-09): Non-adiabatic ioniza-
tion in circularly polarized laser fields 

W. Becker; Quantum Optics and New Materials (IV) (Pe-
king, China, 2011-01): Laser-induced ionization: How to 
describe it and what to learn from it 

W. Becker; Attosecond Science - Exploring and Con-
trolling Matter on Its Natural Time Scale (KITPC, Kavli 
Institute for Theoretical Physics China, Peking, 2011-
05): Quantum-orbit approach for an elliptically polarized 
laser field 

W. Becker; 20th Int. Laser Physics Workshop, LPHYS’11 
(Sarajevo, Bosnia and Herzegovina, 2011-07): Rescat-
tering processes for elliptical polarization 

M. Bock together with S. K. Das, and R. Grunwald; Pho-
tonics West (San Francisco, CA, USA, 2011-01): Adap-
tive shaping of complex pulsed nondiffracting light fields 

J. Bonse, together with J. Krüger, R. Rohloff, S. K. Das, 
S. Höhm, and A. Rosenfeld; Damage to VUV, EUV, and 
X-ray Optics (XDam3) (Prague, Czech Republic, 2011-
04): Femtosecond laser-induced periodic surface struc-
tures: Important of transient excitation stages

C. Brée together with A. Demircan, and G. Steinmeyer; 
20th Int. Laser Physics Workshop, LPHYS’11 (Sara-
jevo, Bosnia and Herzegovina, 2011-07): Saturation of 
the all-optical Kerr effect 

K. Busch; 491. Wilhelm and Else Heraeus Seminar, 
Quantum and Nanoplasmonics (Bad Honnef, Germany, 
2011-10): Modeling nano-plasmonic systems using dis-
continuous galerkin methods 

K. Busch; XIV. School on Complexity of the Ettore Ma-
jorana Foundation Optics and Complexity in Photonic 
Crystal Fibers and Nanostructures (Erice, Sicily, Italy, 
2011-11): Modeling nano-plasmonic systems via dis-
continuous Galerkin methods 

K. S. Eikema together with C. Gohle, T. J. Pinkert, J. 
Morgenweg, I. Barmes, W. Ubachs, and D. Z. Kandula; 
CLEO 2011, Science & Innovations (Baltimore, MD, 
USA, 2011-05): Frequency comb metrology in the ex-
treme ultraviolet 

T. Elsaesser, DPG-Frühjahrstagung (Dresden, Germa-
ny, 2011-03): Structural dynamics of condensed matter 
mapped by femtosecond infrared and X-ray probes (ple-
nary talk)

T. Elsaesser; Spring Meeting of the Materials Research 
Society, MRS (San Francisco, CA, USA, 2011-04): 
Real-time structural dynamics of polar solids studied by 
femtosecond X-ray powder diffraction 

T. Elsaesser; Workshop ‘Vibrational Spectroscopy of 
Complex Systems’ CECAM (Paris, France, 2011-05): 
Ultrafast two-dimensional infrared spectroscopy of hy-
drated DNA oligomers 

T. Elsaesser; 15th Int. Conference on Time-Resolved 
Vibrational Spectroscopy, TRVS (Ascona, Switzerland, 
2011-06): Vibrational motions, charge relocations and 
chemical processes mapped by femtosecond X-ray dif-
fraction 

T. Elsaesser; FEMTO 10: The Madrid Conference on 
Femtochemistry (Madrid, Spain, 2011-07): Ultrafast 
chemical processes mapped by femtosecond X-ray dif-
fraction 

T. Elsaesser; Telluride Meeting on Vibrational Dynamics 
(Telluride, USA, 2011-07): Ultrafast 2D infrared spec-
troscopy of hydrated DNA oligomers 

Appendix 2
Invited Talks, Teaching
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B. Frietsch; Int. Workshop on Elementary Processes in 
Solids and at Interfaces, ElePSI (Kloster Banz, Germa-
ny, 2011-05): Femtosecond XUV photoelectron spec-
troscopy of ultrafast magnetization dynamics in Gado-
linium

H. Geiseler together with G. Steinmeyer H. Rottke, 
and W. Sandner; 20th Int. Laser Physics Workshop, 
LPHYS’11 (Sarajevo, Bosnia and Herzegovina, 2011-
07): Controlling quantum beat structures in the two-color 
photoionization continuum of neon 

U. Griebner together with P. Klopp, M. Zorn, and M. 
Weyers; 20th Int. Laser Physics Workshop, LPHYS’11 
(Sarajevo, Bosnia and Herzegovina, 2011-07): Passive-
ly mode-locked InGaAs-AlGaAs disk laser generating 
pulse repetition rates close to 100 GHz or pulse dura-
tions in the 100 fs range 

R. Grunwald; LIPSS Mini-Symposium (Enschede, Ger-
many, 2011-10): The puzzling complexity of ripple for-
mation: How it starts 

R. Jung; 95th OSA Annual Meeting Frontiers in Optics 
FiO/LS (San Jose, Ca, USA, 2011-10): Providing thin-
disk technology for high laser pulse energy at high aver-
age power 

M. P. Kalashnikov; 3rd Int. Symposium of Laser-Driven 
Relativistic Plasmas Applied to Science, Energy, Indus-
try, and Medicine (Kyoto, Japan, 2011-05): High tempo-
ral contrast front end with a CaF2-based XPW temporal 
filter for high intensity lasers 

M. P. Kalashnikov; 7th Conference on Inertial Fusion 
Sciences and Applications, IFSA 2011 (Bordeaux, 
France, 2011-09): Temporal ASE contrast above 1011 
with double CPA technique 

I. Mantouvalou and H. Stiel; 2011 Int. Workshop on 
EUV and Soft X-ray Sources (Dublin, Ireland, 2011-11): 
A Novel high average power high brightness soft X-ray 
source using a thin disk laser system for optimized laser 
produced plasma generation 

X. Mateos together with M. Segura, M. C. Pujol Baiges, 
J. J. Carvajal, M. Aguiló, F. Díaz, W. B. Cho, V. P. Petrov, 
and U. Griebner; Defence & Security Symposium (Orlan-
do, FL, USA, 2011-04): Pulsed 2-micron lasers based on 
Tm3+-doped monoclinic double tungstate crystals

F. Morales together with J. L. Sanz Vicario, J. F. Pé-
rez Torres, F. Martín, and O. Smirnova; 20th Int. Laser 
Physics Workshop, LPHYS’11 (Sarajevo, Bosnia and 
Herzegovina, 2011-07): Attosecond imaging and control 
of autoionization in molecules 

F. Morales together with S. Patchkovskii, M. Richter, O. 
Smirnova; Int. Symposium on Attoscience and Ultrafast 
Quantum Control, SASQC11 (Imperial College London, 
UK, 2011-07): Imaging the Kramers-Hennenberger atom 

E. T. J. Nibbering together with K. Adamczyk, M. Pré-
mont-Schwarz, D. Pines, and E. Pines; DPG-Frühjahrs-
tagung (Dresden, Germany, 2011-03): Transient gen-
eration of carbonic acid in the context of the aqueous 
chemistry of carbon dioxide 

E. T. J. Nibbering; Workshop ‘Vibrational Spectroscopy 
of Complex Systems’ CECAM (Paris, France, 2011-05): 
Exploring and exploiting photoacids: From ultrafast gen-
eration	of	nature’s	most	abundant	acid	to	monitoring	the	
hydrogen bond structure in solution 

E. T. J. Nibbering; 8th Liquid Matter Conference LMC8 
(Vienna, Austria, 2011-09): Exploring and exploiting 
photoacids to reveal ultrafast hydrogen bond and proton 
transfer dynamics in solution  

E. T. J. Nibbering; Int. Workshop on Ultrafast Chemi-
cal Physics & Physical Chemistry, UCP2011 (Glasgow, 
Scotland, 2011-12): Hydrogen bond structure and dy-
namics of photoacids 

V. Petrov together with J.-J. Zondy, L. Isaenko, A. Yelis-
seyev, and O. Bidault; Advances in Optical Materials 
(Istanbul, Turkey, 2011-02): Optical thermal, electrical, 
damage, and phase-matching properties of lithium se-
lenoindate  

V. Petrov; CLEO/Europe-EQEC’11 (Munich, Germany, 
2011-05): Rare-earth doped double tungstate crystals 
for solid-state bulk, thin-disk and waveguide lasers 

V. Petrov; 19th Int. Conference on Advanced Laser 
Technologies, ALT’11 (Golden Sands, Bulgaria, 2011-
09): Mode-locking of solid-state lasers by single-walled 
carbon-nanotube based saturable absorbers 

H. R. Reiss; 20th Int. Laser Physics Workshop, 
LPHYS’11 (Sarajevo, Bosnia and Herzegovina, 2011-
07): Basic problems with laser-induced “recollisions” 

M. Richter together with S. Patchkovskii, F. Morales, O. 
Smirnova; 20th Int. Laser Physics Workshop, LPHYS’11 
(Sarajevo, Bosnia and Herzegovina, 2011-07): Photo-
electron spectroscopy of the Kramers-Henneberger 
atom 

M. Richter together with S. Patchkovskii, F. Morales, O. 
Smirnova; Workshop on Studying Quantum Mechanics 
in the Time Domain, NORDITA (Stockholm, Sweden, 
2011-07): Photoelectron spectroscopy of the Kramers-
Henneberger atom 

H. Rottke together with G. Steinmeyer, B. Manschwe-
tus, L. Foucar, A. Czasch, H. Schmidt-Böcking, and W. 
Sandner; 20th Int. Laser Physics Workshop, LPHYS’11 
(Sarajevo, Bosnia and Herzegovina, 2011-07): Mecha-
nisms underlying strong-field double ionization of argon 
dimers 
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W. Sandner; EuCARD, EuroNNac Workshop 2011 
(CERN, Genf, Switzerland, 2011-10): The ELI project 

W. Sandner; 2nd ELI-Beamlines Scientific Challenges 
Meeting (Prague, Czech Republic, 2011-10): Lasers in 
Europe  

W. Sandner; LEI 2011 – Light at Extreme Intensities 
(Szeged, Hungary, 2011-11): On the European scene 
of laser research 

W. Sandner; ELI Conference – A growth engine for Ro-
mania (Bucharest, Romania, 2011-05): ELI NP in Ro-
mania – A world wide unique facility

T. Schultz; Molecules and Light 2011, Autumn Meeting of  
the Polish Photochemistry Group (Zakopane, Poland, 
2011-09): Ultrafast spectroscopy of biomolecules and  
clusters  

M. Segura together with X. Mateos, M. C. Pujol, J. J. 
Carvajal, M. Aguiló, F. Díaz, U. Griebner, and V. Petrov; 
20th Int. Laser Physics Workshop, LPHYS’11 (Sara-
jevo, Bosnia and Herzegovina, 2011-07): Passive Q 
switching of a diode-pumped Tm3+:KLu(WO4)2 laser with 
Cr2+:ZnS saturable absorber 

O. Smirnova; Second ATTOFEL Network Meeting (Ber-
lin, Germany, 2011-02): HHG spectroscopy of attosec-
ond multielectron dynamics in molecules

O. Smirnova; Attosecond Science – Exploring and Con-
trolling Matter on Its Natural Time Scale (KITPC, Kavli 
Institute for Theoretical Physics China, Peking, 2011-
05): Core rearrangement dynamics in optical tunneling 
and photo-electron spectroscopy in the barrier suppres-
sion regime 

O. Smirnova; ATTOFEL Summer School (Crete, 
Greece, 2011-06): Electron recollision, high harmonic 
spectroscopy 

S. Steinke together with R. Hoerlein A. Henig, M. Schnü-
rer, S. G. Rykovanov, T. Sokollik, D. Kiefer, D. Jung, J. 
Schreiber, B. M. Hegelich, X. Q. Yan, T. Tajima, P. V. 
Nickles, D. Habs, W. Sandner; The 4th EMMI Workshop 
on Plasma Physics with Intense Heavy Ion and Laser 
Beams (GSI, Darmstadt, Germany, 2011-05): Radiation 
pressure dominated acceleration of ions 

G. Steinmeyer; The 3rd Int. Conference on Attosecond 
Physics, ATTO3 (Sapporo, Japan, 2011-07): Self-refer- 
enced scheme for direct synthesis carrier-envelope phase 
stable pulses with jitter below the atomic unit of time 

G. Steinmeyer; Summer School, Institut für Quantenop-
tik der Universität Hannover (Göttingen, Germany, 
2011-09): Everything you wanted to know about the 
Kerr effect (but never dared to ask) 

G. Steinmeyer; Summer School on Ultrafast Nanooptics 
(Delmenhorst, Germany, 2011-09): Pulse characteriza-
tion and applications in nano-optics 

G. Steinmeyer, together with G. Stibenz, S. K. Das, R. 
Grunwald, and M. B. Raschke; Frontiers in Optics 2011/
Laser Science XXVII (San José, CA, USA, 2011-10): In-
terferometric FROG for few-cycle pulse characterization 
and as an ultrafast spectroscopy tool

R. Stoian together with I. V. Hertel, and A. Rosenfeld; 
The 12th Int. Symposium on Laser Precision Microfabri-
cation, LPM 2011 (Takamatsu, Japan, 2011-06): Basics 
and applications of femtosecond laser interaction with 
transparent materials 

P. Tolstoy together with B. Koeppe, J. Guo, E. T. J. Nib-
bering, and H.-H. Limbach; Central European School on 
Physical Organic Chemistry (Wroclaw. Poland, 2011-
06): Model NMR/UV-vis studies of direct acid-base in-
teractions in proteins 

J. W. Tomm together with M. Hempel, and T. Elsaesser, 
International Symposium on Reliability of Optoelectron-
ics for Space, ISROS (Bordeaux, France, 2011-10): 
Testing the catastrophic optical damage CO(M)D effect 
in advanced diode laser devices

M. J. J. Vrakking; FOM-Veldhoven Congress (Veldho-
ven, The Netherlands, 2011-01): Connecting harmon-
ics-based and FEL-based XUV/X-ray experiments 

M. J. J. Vrakking; DPG-Frühjahrstagung (Dresden, Ger-
many, 2011-03): Attosecond time-resolved molecular 
electron dynamics 

M. J. J. Vrakking; Workshop Molecular Logic (Leiden, 
The Netherlands, 2011-05): Control of electronic pro-
cesses on the (sub)-femtosecond timescale 

M. J. J. Vrakking; Bunsentagung 2011, 110th Annual Ger-
man Conference on Physical Chemistry (Freie Universität 
Berlin, Germany, 2011-06): Ultrafast molecular dynamics 
using attosecond lasers and X-ray free electron lasers 

M. J. J. Vrakking; FEMTO 10: The Madrid Conference 
on Femtochemistry (Universidad Complutense, Madrid, 
Spain, 2011-07): Ultrafast molecular dynamics using at-
tosecond and X-ray free electron lasers 

M. J. J. Vrakking; Int. Conference on Correlation Effects 
in Radiation Fields 2011 (Rostock, Germany, 2011-09): 
Ultrafast molecular dynamics using attosecond and X-
ray free electron lasers 

M. Weinelt together with C. Eickhoff, and M. Teichmann; 
Int. Workshop on Elementary Processes in Solids and 
at Interfaces: Carrier, Lattice, and Molecular Dynamics, 
ElePSI (Kloster Banz, Bad Staffelstein, Germany, 2011-
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05): Two-state double-continuum Fano resonance at 
the Silicon (100)-surface 

W. Werncke, Studium Conference – In-situ Molecular 
Spectroscopic Technique and Application (Orléans, 
France, 2011-06): Sub-picosecond infrared pump/anti-
stokes Raman probe spectroscopy of hydrogen-bonded 
molecular systems

M. Woerner; Photonics West (San Francisco, CA, USA, 
2011-01): One- and two-dimensional nonlinear THz 
spectroscopy on semiconductor nanostructures 

M. Woerner; Int. Symposium on Integrated Functionali-
ties, ISIF (Cambridge, UK, 2011-08): Photoelastic, fer-
roelectric and ferromagnetic properties of Perovskite 
superlattices studied by femtosecond X-ray diffraction 

N. Zhavoronkov; Int. Workshop “Nonlinear Photonics: 
Theory, Materials, Applications” (St. Petersburg, Rus-
sia, 2011-08): Microfocus hard X-ray source for femto-
second science 

Invited external talks at seminars and  
colloquia
A. A. Andreev, ISTC-GSI Young Scientists School 2011 
“Ultra-high intensity light science and applications” 
(Darmstadt, Germany, 2011-02): Laser pulse compres-
sion in plasmas

A. A. Andreev, NATO Young Scientists School “Laser 
plasma interactions and applications” (Glasgow, Scot-
land, UK, 2011-10): Theory of laser-overdense plasma 
interaction

W. Becker, Seminar (Institute for Applied Physics and 
Computational Mathematics, Beijing, P. R. China, 2011-
05): Quantum-orbit approach for an elliptically polarized 
laser field

W. Becker, Seminar der AG Quantentheorie und 
Vielteilchensysteme (AG Statistische Physik und AG 
Molekulare Quantendynamik, Universität Rostock, Ger-
many, 2011-11): Interference phenomena in laser-atom 
physics

K. Busch, Kolloquium (Fachgruppe Physik, Astronomie 
der Universität Bonn, Germany, 2011-10): Modeling 
nano-plasmonic systems using discontinuous Galerkin 
methods

K. Busch, Kolloquium (Humboldt-Universität Berlin, 
Germany, 2011-10): Nano-plasmonics: Material models 
and computational methods

U. Eichmann, Seminar “Physik dichter Plasmen mit 
Schwerionen- und Laserstrahlen” (GSI Helmholtzzen-

trum für Schwerionenforschung, Darmstadt, Germany, 
2011-07): Excitation and acceleration of atomic particles 
in strong short-pulse laser fields

T. Elsaesser, Physikalisches Kolloquium (Universität 
Siegen, Germany, 2011-02): Experimente zur Fem-
tosekunden-Röntgenbeugung mit Laborquellen

T. Elsaesser, Physikalisches Kolloquium (ETH Zürich, 
Switzerland, 2011-04): Real-time probing of structural 
dynamics in solids by femtosecond X-ray diffraction

T. Elsaesser, Physikalisches Kolloquium (Universität 
Augsburg, Germany, 2011-05): Femtosekunden-
Röntgenbeugung zur Aufklärung ultraschneller Struk-
turänderungen in Festkörpern

T. Elsaesser, Physikalisches Kolloquium (Universität 
Osnabrück, Germany, 2011-05): Ultraschnelle Schwin-
gungsdynamik und lokale Wechselwirkungen in Wasser 
und hydratisierter DNA

T. Elsaesser, Seminar des Lehrstuhls für Biomolekulare 
Optik (Ludwig-Maximilians-Universität, München, Ger-
many, 2011-10): Femtosecond two-dimensional infra-
red spectroscopy of hydrated DNA: How fast is biologi-
cal water

U. Griebner, Seminar (University of Twente, Enschede, 
The Netherlands, 2011-11): Boosting the nonlinear opti-
cal response of carbon nanotubes for broadband femto-
second mode-locking of bulk solid-state lasers

R. Grunwald; 26. Optik-Kolloquium ITO Stuttgart: Mikro- 
und Nanooptik (Stuttgart, Germany, 2011-02): Adaptive 
Mikrooptik für Ultrakurzpuls-Laser 

R. Grunwald, Seminar (Technische Universität Kaiser-
slautern, Laser und Quantenoptik, Germany, 2011-03): 
Highly localized wavepackets – the fringeless siblings of 
Bessel beams

R. Grunwald, Seminar (Laser Laboratorium Göttingen, 
Germany, 2011-06): Adaptive microoptics and nonlinear 
nanooptics

R. Grunwald, Seminar (FernUniversität Hagen, Germa-
ny, 2011-09): Adaptive spatial modulation and localiza-
tion of ultrashort wavepackets

R. Grunwald, Kolloquium Lasertechnik (Fraunhofer In-
stitut für Lasertechnik, RWTH Aachen, Germany, 2011-
11): Programmable ultrashort-pulsed nondiffracting pat-
terns

H. Legall, together with G. Blobel; Forschungsseminar 
“Moderne analytische Methoden der Physik” (Tech- 
nische Universität Berlin, Germany, 2011-01): Labora-
tory transmission X-ray microscope (LTXM) for the wa-
ter window
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A. Lübcke, Seminar (Technische Universität München, 
Garching, Germany, 2011-06): Time-resolved photo-
electron spectroscopy of aqueous solutions

E. T. J. Nibbering, Seminar (Max-Planck-Forscher-
gruppe für Strukturelle Dynamik, CFEL, Hamburg, Ger-
many, 2011-02): Exploring and exploiting photoacids to 
reveal ultrafast hydrogen bond and proton transfer dy-
namics in solution

A. Rouzée, Seminar (Center for Free-Electron Laser 
Science, Hamburg, 2011-05): Molecular frame photo-
electron angular distributions from EUV/X-ray ionization 
of aligned molecules

A. Rouzée, Seminar (Radboud University, Nijmegen, 
The Netherlands, 2011-09): Molecular frame photoelec-
tron angular distribution in XUV ionization of aligned 
molecules

W. Sandner, Kolloquium (Universität Stuttgart, IfSW, Ger-
many, 2011-04): Laser-Teilchen-Beschleunigung: Pro-
tonen, positive und negative Ionen und neutrale Atome

W. Sandner, Festvortrag, SAOT – Graduate School in 
Advanced Optical Technologies (Erlangen, Germany, 
2011-05): European research activities on high power 
Attosecond lasers)

W. Sandner, Kolloquium, (Fraunhofer-Institut für La-
sertechnik Aachen, Germany, 2011-07): European pro-
jects for Extreme Light (ELI) and Laser Fusion (HiPER): 
Challenges and opportunities for basic laser research 
and application

W. Sandner, Leibniz-Führungskolleg, Selbständigkeit 
und Gemeinschaft (Schloss Liebenberg, Germany, 
2011-09): Schlüsselfaktoren erfolgreicher internation-
aler Positionierung

M. Schnürer, Seminar (Helmholtz-Institut Jena, Ger-
many, 2011-12): Advancement of laser ion accelera-
tion with intense femtosecond driver pulses at ultra-high 
temporal contrast

T. Schultz, Seminar (Fakultät für Physik, Ludwigs-
Maximilians-Universität München, Germany, 2011-07): 
Time-resolved photoelectron spectroscopy of mole-
cules, clusters, and aqueous solutions

T. Schultz, UXSL Seminar (University of California, 
Berkeley, CA, USA, 2011-09): Ultrafast spectroscopy of 
biomolecules and clusters

O. Smirnova, Seminar (École Polytechnique Fédérale 
de Lausanne, Switzerland, 2011-01): Watching ultrafast 
electron dynamics in molecules

O. Smirnova, Seminar (Université de Genève, Switzer-
land, 2011-01): Watching ultrafast electron dynamics in 
molecules

O. Smirnova, Seminar (Universität Potsdam, Germany, 
2011-01): Watching ultrafast motion: High Harmonic 
spectroscopy of electron dynamics in molecules

O. Smirnova, Seminar (Technische Universität Berlin, 
Germany, 2011-01): Watching ultrafast motion: High 
harmonic spectroscopy of electron dynamics in mol-
ecules

S. Steinke together with R. Hoerlein A. Henig, M. 
Schnürer, S. G. Rykovanov, T. Sokollik, D. Kiefer, D. 
Jung, J. Schreiber, B. M. Hegelich, X. Q. Yan, T. Tajima, 
P. V. Nickles, D. Habs, W. Sandner; 1st Doctoral Stu-
dent’s Conference for the Discussion of Optical Con-
cepts (Naumburg, Germany, 2011-03): Radiation pres-
sure dominated acceleration of ions 

G. Steinmeyer, Kolloquium (Saratov State University, 
Russia, 2011-02): Saturation of nonlinear refraction

H. Stiel; 262. PTB Seminar EUV Metrology (Berlin, Ger-
many, 2011-10): Laser based plasma sources for EUV 
and XUV

J. W. Tomm, Workshop, Alterung von Laserdioden und 
LED (Bayerisches Laserzentrum und bayern photonics, 
Nürnberg, Germany, 2011-12): Stationäres und tran-
sientes Temperaturverhalten von Hochleistungslaserdi-
oden

M. J. J. Vrakking, Kolloquium (CERN – The European 
Organization for Nuclear Research, Geneva, Switzer-
land, 2011-01): Connecting lab-based attosecond sci-
ence with FEL research

M. J. J. Vrakking, Seminar (Stanford University, Stan-
ford, California, USA, 2011-01): Connecting lab-based 
attosecond science with FEL research

M. J. J. Vrakking, Seminar (Physics and Theoretical 
Chemistry Laboratory, Oxford, UK, 2011-02): Ultrafast 
dynamics using harmonics-based and FEL-based XUV/
X-ray experiments

M. J. J. Vrakking, Erfahrungsaustausch zum 7. EU-
Forschungsrahmenprogramm (Bonn, Germany, 2011-
02): Die Abwicklung des 7. FRP – Theorie und Praxis, 
Erfahrungsberichte: Marie-Curie-Projekte 

M. J. J. Vrakking, Kolloquium (Max-Planck-Institut für 
Quantenoptik, Garching, Germany, 2011-02): Novel 
probes of ultrafast molecular dynamics

M. Weinelt, Kolloquium (DESY Photon Science, Ham-
burg, Germany, 2011-7): Ultrafast spin-dependent car-
rier	dynamics	in	ferromagnetic	thin	films

M. Woerner, Physikalisches Kolloquium (Universität 
Göttingen, Germany, 2011-06): Femtosecond X-ray 
powder diffraction
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M. Woerner, Seminar (Fritz-Haber-Institut, Berlin, Ger-
many, 2011-10): Making of a “molecular movie” with 100 
femtosecond time and sub-angstrom spatial resolution

M. Woerner, Seminar (Technische Universität Berlin, 
Germany, 2011-10): Making of a “molecular movie” with 
100 femtosecond time and sub-angstrom spatial resolu-
tion

I. Will together with G. Klemz, S. Schreiber and W. 
Sandner, Seminar, Talk for XFEL Machine Advisory 
Committee, XFEL MAC (Hamburg, Germany, 2011-05): 
Development of the photoinjector drive laser for the Eu-
ropean XFEL

M. Woerner, Seminar (Universität Potsdam, 2011-11): 
Making of a “molecular movie” with 100 femtosecond 
time and sub-angstrom spatial resolution

General talks 
(popular, science politics etc.)
T. Elsaesser, Sitzung der Mathematisch-Naturwissen-
schaftlichen Klasse der Berlin-Brandenburgischen Aka-
demie der Wissenschaften, Berlin (2011-02): Ultrafast 
science: How to map events on atomic length and time 
scales

A. Lübcke, “Tage der Forschung” (MBI, Berlin-Adler-
shof, 2011-09): Laserblitze in der Moleküldisko – Wie 
ultrakurze Laserblitze entstehen und was sie über Mole-
küle erzählen können

Academic teaching 

A. A. Andreev, Vorlesung (MBI, Berlin-Adlershof, SS 
2011): An introduction in laser plasma physics

U. Eichmann, Vorlesung, 4 Semesterwochenstunden 
(Technische Universität Berlin, Institut für Optik und Ato-
mare Physik, WS 2010/11): Quantensysteme I

U. Eichmann, Vorlesung, 4 Semesterwochenstunden 
(Technische Universität Berlin, Institut für Optik und Ato-
mare Physik, WS 2011/12): Quantensysteme I

T. Elsaesser, Vorlesung, 2 Semesterwochenstunden 
(Humboldt-Universität Berlin, WS 2010/11): Kurzzeit-
spektroskopie II

T. Elsaesser, Vorlesung, 2 Semesterwochenstunden 
(Humboldt-Universität Berlin, SS 2011): Kurzzeitspek-
troskopie I

T. Elsaesser, Vorlesung, 2 Semesterwochenstunden 
(Humboldt-Universität Berlin, WS 2011/12): Kurzzeit-
spektroskopie II

C. Gahl, Vorlesung, 4 Semesterwochenstunden (Freie 
Universität Berlin, Fachbereich Physik, SS 2011): Ad-
vanced Solid State Physics; Fortgeschrittene Fest-
körperphysik

I. V. Hertel, Seminar und Praktikum, 2 Semester-
wochenstunden (Lise-Meitner-Haus – Physikgebäude 
Berlin-Adlershof, SS 2011): Moderne Physik und Schule 
– für MINT Lehramtskandidaten

I. V. Hertel, Seminar und Praktikum, 2 Semester-
wochenstunden (Lise-Meitner-Haus – Physikgebäude 
Berlin-Adlershof, WS 2011/12): Moderne Physik und 
Schule – für MINT Lehramtskandidaten

H. Rottke, Vorlesung, 4 Semesterwochenstunden 
(Humboldt-Universität Berlin, WS 2010/11): Atom- und 
Molekülphysik

H. Rottke, Vorlesung, 4 Semesterwochenstunden 
(Humboldt-Universität, Berlin, WS 2011/12): Atom- und 
Molekülphysik

W. Sandner and S. Steinke, Ringvorlesung „Experi-
mentelle Methoden“ (HZB, Berlin-Adlershof, 2011-06): 
Neuartige Anwendungen der Laser-Teilchenbeschleu-
nigung

T. Schultz, Vorlesung, 2 Semesterwochenstunden (Freie 
Universität Berlin, FB Chemie, SS 2011): Physikalische 
Chemie III – Elektrochemie

T. Schultz, Vorlesung, 2 Semesterwochenstunden (Freie 
Universität, FB Chemie, WS 2011/12): Spektroskopie in 
Biologie und Medizin

M. Weinelt, Vorlesung, 4 + 2 Semesterwochenstunden 
(Freie Universität Berlin, Fachbereich Physik, SS 2011): 
Advanced Solid State Physics; Fortgeschrittene Fest-
körperphysik

M. Wietstruk, Vorlesung, 4 Semesterwochenstunden 
(Freie Universität Berlin, Fachbereich Physik, SS 2011): 
Advanced Solid State Physics; Fortgeschrittene Fest-
körperphysik
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Master theses  
 
K. Witte; Nahkantenspektroskopie an den L-Kanten von 
Übergangsmetallen mit einer Laser-Plasma-Quelle (Su-
pervisor: H. Stiel, and B. Kanngießer), Technische Uni-
versität Berlin

Diploma theses  
 
J. Frietsch; Laser driven magnetization dynamics in thin 
lanthanide films studied by time- and angular-resolved 
photoemission using high-order harmonic radiation (Su-
pervisor: M. Weinelt), Freie Universität Berlin

A. Hejazian; Generation of ultrashort 3rd and 4th har-
monic radiation by four wave mixing in noble gases (Su-
pervisor: A. Lübcke), Fachhochschule Brandenburg

J. Zielinski; High harmonic generation with pre-ionisa-
tion through femtosecond pulses (Supervisor: M. J. J. 
Vrakking), Freie Universität Berlin

 
Ph-D theses  
 
F. Abicht; Proton imaging of magnetic fields (Supervisor: 
W. Sandner), Technische Universität Berlin

M. Beutler; Erzeugung abstimmbarer Femtosekunden- 
Impulse im vakuum-ultravioletten Spektralgebiet (Su-
pervisor: I. V. Hertel), Freie Universität Berlin

S. Birkner; Untersuchung der Elektrodynamik in Mole-
külen mit ultrakurzen Laserpulsen und Koinzidenztech-
niken (Supervisor: M. J. J. Vrakking), Freie Universität 
Berlin

M. Bock; Raum-zeitliche Formung und Charakterisie-
rung ultrakurzer Lichtimpulse (Supervisor: T. Elsaes-
ser), Humboldt Universität Berlin

B. Borchers; Untersuchungen mit phasenstabilisierten 
Laserimpulsen (Supervisor: T. Elsaesser), Humboldt 
Universität Berlin

D. Brete; Structure and dynamics in molecular switches 
at surface (Supervisor: M. Weinelt), Freie Universität 
Berlin

F. Buchner; Time-resolved photoelectron spectroscopy 
of organic chromophores in aqueous solution (Supervi-
sor: M. J. J. Vrakking), Freie Universität Berlin

R. Costard; Hydratisierungsdynamik von Biomolekülen 
(Supervisor: T. Elsaesser), Humboldt-Universität Berlin

M. Eckstein; Coherent dynamics in photoactive biomol-
ecules studied by ultrafast time-resolved photoelectron 
spectroscopy in water jets (Supervisor: M. J. J. Vrak-
king), Freie Universität Berlin

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

B. Freyer; Femtosekunden-Röntgenbeugung zur Auf-
klärung reversibler Phasenübergänge in Festkörpern 
(Supervisor: T. Elsaesser), Humboldt-Universität Berlin

S. Friede; Physik elementarer optischer Anregungen in 
Hybridsystemen (Supervisor: T. Elsaesser), Humboldt-
Universität Berlin

H. Geiseler; Erzeugung und Charakterisierung von sub-
1fs XUV-Laserpulsen und ihre Anwendung bei der Un-
tersuchung von schnellen Prozessen in hochintensiven 
Laserpulsen (Supervisor: W. Sandner), Technische Uni-
versität Berlin

C. Greve; Nichtlineare Schwingungsspektroskopie zur 
Dynamik von Wasserstoffbrücken (Supervisor: T. El-
saesser), Humboldt-Universität Berlin

M. Hempel; Spektroskopische Untersuchungen an op-
toelektronischen Halbleiternanostrukturen (Supervisor: 
T. Elsaesser), Humboldt-Universität Berlin

S. Höhm; Dynamik der Erzeugung und Mechanismen 
der Entstehung von periodischen Oberflächenstruktu-
ren im Nanometerbereich durch die Bestrahlung von 
Festkörpern mit Femtosekunden-Laserpulsen (Supervi-
sor: W. Sandner), Technische Universität Berlin

A. Hundertmark; Investigation of molecular dynamics 
with strong field ionisation (Supervisor: M. J. J. Vrak-
king), Radboud Universiteit Nijmegen, The Nether-
lands

J. Kaushal; Attosecond multi-electron dynamics in strong 
laser fields (Supervisor: W. Sandner), Technische Uni-
versität Berlin

K.-H. Kim; Nichtlineare optische Prozesse von Fem-
tosekundenimpulsen in Nanoteilchen-dotierten Me- 
dien (Supervisor: T. Elsaesser), Humboldt-Universität 
Berlin

Appendix 3
Ongoing Master theses, Diploma- and PhD theses
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M. Kirchhoff; Attosekunden-Pump-Probe-Spektroskopie 
mit intensiven Attosekundenpulsen (Supervisor: M. J. J. 
Vrakking), Freie Universität Berlin

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

J. Kopprasch; Elektronendynamik von Ge(001) Oberflä-
chenzuständen (Supervisor: M. Weinelt), Freie Univer-
sität Berlin

F. Krecinic; Molecular frame ionized electron diffraction 
imaging with ultrashort electron pulses (Supervisor: M. 
J. J. Vrakking), Freie Universität Berlin

T. Kunze; Dynamik elektronischer Strukturen an na-
nostrukturierten Oberflächen (Supervisor: M. Weinelt), 
Freie Universität Berlin

J.-P. Müller; Untersuchung des Anregungs- und Ioni-
sationsprozesses von reinen und dotierten Wasser-
Clustern in moderaten sowie intensiven Laserfeldern 
(Supervisor: I. V. Hertel), Freie Universität Berlin

C. Neidel; Femtosekundenlaserpulse für den Nachweis 
von Makromolekülen (Supervisor: M. J. J. Vrakking, and 
I. V. Hertel), Freie Universität Berlin

M. Prémont-Schwarz; Ultraschnelle strukturelle Dyna-
mik elementarer chemischer Reaktionen (Supervisor: T. 
Elsaesser), Humboldt-Universität Berlin

A. Schmidt; Erzeugung ultrakurzer Laserpulse mit sät-
tigbaren Carbon-Nanotube-Absorbern im 2 µm Spek-
tralbereich auf der Basis von Bulk-Festkörperlasern 
(Supervisor: T. Elsaesser), Humboldt-Universität Berlin

C. Schröter; Femtosekundenspektroskopie an orien-
tierten Molekülen (Supervisor: M. J. J. Vrakking), Freie 
Universität Berlin

V. Serbinenko; High harmonic generation in multicolor 
fields (Supervisor: W. Sandner), Technische Universität 
Berlin

J. Stingl; Femtosekunden-Röntgenbeugung an korre-
lierten Festkörpern (Supervisor: T. Elsaesser), Hum-
boldt-Universität Berlin

L. Torlina; Multi-channel theory of multi-electron dy-
namics in strong laser fields (Supervisor: W. Sandner), 
Technische Universität Berlin

P. Trabs; Erzeugung und Anwendung kürzester Lichtim-
pulse im VUV/XUV (Supervisor: M. J. J. Vrakking), Freie 
Universität Berlin

A. v. Veltheim; Strong field ionization of aligned mol-
ecules at large internuclear separation (Supervisor: W. 
Sandner, and H. Rottke), Technische Universität Berlin

M. Yang; Nonlinear mid- and far-infrared spectroscopy 
of hydrogen bonds in liquids (Supervisor: T. Elsaesser), 
Humboldt-Universität Berlin
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M. Bargheer, Institut für Physik und Astronomie, Uni-
versität Potsdam; Seminar C: Nichtlineare Prozesse in 
kondensierter Materie, 2011-01-20: Ultrafast X-ray dif-
fraction experiments at synchrotrons and laser based 
sources

F. Schäffel, Department of Materials, Oxford University, 
UK; Seminar B: Höchstfeldlaserseminar, Meeting zum 
Thema ‚Possible applications of freestanding Graphene 
in the context of relativistic laser plasma interactions, 
2011-02-07: Catalytic etching of Graphene & Graphene 
synthesis by CVD

C. Ropers, Fakultät für Physik, Universität Göttingen, 
Seminar A: Attosekunden-Forschung, 2011-02-18: 
Strong-field effects in metallic nanostructures

H. Iglev, Physik-Department E11, Technische Universi-
tät München; Seminar C, 2011-02-24: Dynamics of the 
OH stretching vibration in aqueous salt hydrates: New 
model system for confined water

F. Kelkensberg, FOM Institute for Atomic and Molecular 
Physics, AMOLF, Amsterdam, The Netherlands; Semi-
nar A, 2011-03-04: Attosecond control in photoioniza-
tion of hydrogen molecules

N. E. Levinger, Department of Chemistry, Colorado 
State University, Fort Collins, USA; Seminar C, 2011-
03-08: Structure and dynamics in phospholipid reverse 
micelles by time-resolved IR-spectroscopy

O. Benson, Institut für Physik, Humboldt-Universität 
Berlin; Institutskolloquium, 2011-03-09: Room tempera-
ture single photon sources: Design, performance, and 
applications

P. Vöhringer, Institut für Physikalische und Theoretische 
Chemie, Rheinische Friedrich-Wilhelms-Universität; 
Institutskolloquium, 2011-03-23: Multidimensional vibra-
tional resonance: An IR-spectroscopic window to dyna-
mics in hydrogen-bonded systems

R. Hörlein, Max-Planck-Institut für Quantenoptik,  
Garching; Seminar B, 2011-03-23: High harmonics  
from solid targets: A versatile source of coherent XUV 
radiation

E.	Hasovič,	Faculty	of	Science,	University	of	Sarajevo,	
Bosnia and Herzegovina; Seminar B, 2011-03-25: 
Strong-field approximation for above-threshold ioniza-
tion of diatomic molecules

V. Serbinenko, Kazan, Russia; Seminar B, 2011-04-
29: Investigation of propagation of single-photon wave 
packets in doped crystals

J. Kaushal, King’s College London, UK; Seminar B, 
2011-04-29: Nonlinear properties of chalcogenide pho-
tonic crystal fibres

S. Sakabe, Laboratory for Laser-Matter Science at  
Institute for Chemical Research, Kyoto University, Japan; 
Seminar B, 2011-05-20: Ultrafast electron diffraction using 
electrons produced by intense femtosecond laser pulses

A. Emmanouilidou, University College London, UK; 
Seminar B, 2011-05-26: The next frontier of attosecond 
science: Time-resolving intra-atomic electron collision 
dynamics

O. Rader, Helmholtz-Zentrum Berlin für Materialien und 
Energie GmbH; Seminar A, 2011-06-14: Topological 
surface states by spin-resolved photoemission

E. A. Solovev, Joint Institute for Nuclear Research, Dub-
na, Russia; Seminar B, 2011-06-14: On the foundations 
of quantum physics

J. Luiten, TU Eindhoven, The Netherlands; Instituts-
kolloquium, 2011-06-15: Coherent electron beams for  
ultrafast structural dynamics

F. Krecinic, Delft University of Technology, The Nether-
lands; Seminar A, 2011-06-16: Characterization of a 
polymeric sensing micro gripper

U. Thumm, Department of Physics, Kansas State Uni-
versity, Manhattan, USA; Institutskolloquium, 2011-06-
21: Time-resolved photoelectron emission from atoms 
and surfaces: The photoeffect revisited

A. Paarmann, Fritz-Haber-Institut der Max-Planck-
Gesellschaft, Berlin; Seminar A, 2011-06-21: Coherent 
multidimensional infrared spectroscopy: An introduction

K. Hideghéty, Clinic of Oncotherapy, University of 
Szeged, Hungary; Seminar B, 2011-06-27: Clinical per-
spectives of laser driven charged particle therapy (CPT) 
and hierarchical system for radiobiological research on 
laser induced CPT

A. Strozecka, Freie Universität Berlin; Seminar A, 2011-
06-28: Visualizing spin-dependent scattering in strong 
spin-orbit systems

Appendix 4

Guest Lectures at the MBI
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S. Patchkovskii, Joint Attosecond Science Laboratory, 
National Research Council of Canada and University 
of Ottawa, Canada; Seminar B, 2011-06-30: Electronic 
ring currents in Born-Oppenheimer approximation

M. Bianchi, Aarhus University, Denmark; Seminar A, 
2011-07-05: Electronic structure and electron dynamics 
on the topological insulator Bi2Se3

H. Giessen, 4th Physics Institute, University of Stuttgart; 
Institutskolloquium, 2011-07-06: Three-dimensional 
complex plasmonic structures: Chirality, coupling, and 
sensing

M. Sultan, Universität Duisburg-Essen; Seminar A, 
2011-07-12: Disentangling different microscopic mech-
anisms in laser-induced demagnetization of Gd

A. Stolow, Steacie Institute for Molecular Sciences, Ot-
tawa, Canada; Institutskolloquium, 2011-07-22: Imaging 
the ultrafast electronic dynamics of polyatomic mole-
cules: Molecular frame photoelectron imaging, quantum 
control, attosecond strong field physics

K. Ueda, Institute of Multidisciplinary Research for Ad-
vanced Materials, Tokyo University, Japan; Institutskol-
loquium, 2011-08-03: Multiphoton processes of atoms, 
molecules and clusters by FELs

A. Ünal, Max-Planck-Institut für Mikrostrukturphysik, 
Halle; Seminar A, 2011-08-19: Spin-orbit split occupied 
and unoccupied surface states of Bi alloys on Cu(111) 
and Ag(111)

Y. H. Geerts, Laboratoire de Chimie des Polymères, Fa-
culté des Sciences, Université Libre de Bruxelles, Bel-
gium; Seminar C, 2011-08-22: From liquid crystal single 
domains to single crystal thin films

M. Luccini, Politecnico di Milano, Italy; Seminar A, 2011-
08-23: Sub-cycle ionization dynamics for the genera-
tion of tunable XUV radiation and isolated attosecond 
pulses

H. Ruhl, Ludwig-Maximilians-Universität München; 
Festkolloquium zur Übergabe eines Gemäldes von Jür-
gen Jaumann, 2011-09-06: Max Born, Maria Goeppert-
Mayer und die nichtlineare Optik

G. Meijer, Fritz-Haber-Institut der Max-Planck-Gesell-
schaft, Berlin; Institutskolloquium, 2011-09-21: Taming 
molecular beams

P. Slavicek, Faculty of Chemical Engineering, Prague 
Institute of Chemical Technology, Czech Republic; 
Seminar A, 2011-09-30: Simulations of light induced 
processes in water and of water

E. Shapiro, The University of British Columbia, Vancou-
ver, Canada; Seminar B, 2011-10-17: Piecewise adi-
abatic passage

S. R. Meech, University of East Anglia, Norwich, UK; 
Institutskolloquium, 2011-10-19: Ultrafast optical Kerr 
effect studies of aqueous solutions

J. H. Eberly, Department of Physics and Astronomy, 
University of Rochester, NY, USA; Seminar B, 2011-11-
02: Double ionization by an elliptically polarized laser 
field 

I. Gonoskov, Max Planck Institute for the Science of 
Light, Erlangen; Seminar B, 2011-11-07: Tight focusing 
of short laser pulses in vacuum (and its applications for 
high-intensity laser physics)

F. Campi, Politecnico di Milano, Italy; Seminar A, 2011-
11-09: Coherent Raman microscopy with a fiber-format 
femtosecond oscillator

D. Neumark, Department of Chemistry, University of 
Berkeley, USA; Institutskolloquium, 2011-11-09: Ultra-
fast X-ray science using femtosecond and attosecond 
light pulses

L. Bergé, Département de Physique Théorique et Ap-
pliquée, CEA-DAM/Ile de France, Bruyères-le-Châtel, 
France; Seminar C, 2011-11-17: Kerr filamentation in 
Brillouin-active materials 

I. A. Heisler, Instituto de Fisica de São Carlos, Univer-
sidade de São Paulo, Brazil; Seminar C, 2011-11-18: 
Ultrafast spectroscopy: Low frequency Raman spectra 
and reactive excited state dynamics

A. Cavalleri, Centre for Free-Electron Laser Science, 
Hamburg; Institutskolloquium, 2011-11-30: Controlling 
superconductivity with light and observing the dynamics 
with femtosecond X-rays

R. A. Ganeev, Quantum Optics and Laser Science 
Group, Blackett Laboratory, Imperial College London, 
UK; Seminar A, 2011-12-06: High-order harmonic gen-
eration from laser-produced plasmas: Recent achieve-
ments and trends 

A. Leitenstorfer, Universität Konstanz; Institutskolloqui-
um, 2011-12-07: Ultrafast quantum photonics

M. Botton-Dascal, Racah Institute of Physics, The He-
brew University of Jerusalem, Israel; Seminar B, 2011-
12-13: MeV protons from snow structured targets

W. Scherer, Institut für Physik, Universität Augsburg; 
Institutskolloquium, 2011-12-14: Experimental charge 
density studies at subatomic resolution
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Grants and Contracts 2011

Total amounts spent in 2011: 4.651.040 Euro
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A. A. Andreev

Vice Chair, 15th International Conference, Laser Optics 
2012 (St. Petersburg, Russia) 

Co Director, Summer School in Physics, SUSSP 2011 
(Strathclyde University, Glasgow, Scotland) 

Member, Scientific Advisory Board, Institute for Laser 
Physics, Vavilov State Optical Institute (St. Petersburg, 
Russia) 

W. Becker

Member, International Committee ICOMP12, The 12th 
International Conference on Multiphoton Processes 
(Hokkaido University, Sapporo, Japan)

Member, Editorial Board, Laser Physics Letters (Mos-
cow, Russia) 

Member, Advisory & Program Committee, 20th Int. La-
ser Physics Workshop, LPHYS’11 (Sarajevo, Bosnia 
and Herzegovina) 

Co Chair, Seminar 2: Strong Field Attosecond Physics 
at Int. Laser Physics Workshop, LPHYS’ 11 (Sarajevo, 
Bosnia and Herzegovina) 

T. Elsaesser

Managing Director, Max-Born-Institut (Berlin, Germany), 
from 2007-05 to 2011-04

Vice-Chairman, Board of Directors, Forschungsverbund 
Berlin e. V., since 2011-05

Member, Berlin Brandenburg Academy of Sciences 
(Berlin, Germany) 

Member, IRIS Adlershof, Humboldt-Universität Berlin 

Vertrauensdozent, Studienstiftung des deutschen Volkes

Chair, Kuratorium, Laserlabor Göttingen (Germany)

Conference Chair, International Conference on Ultrafast 
Structural Dynamics, ICUSD 2012 (Berlin, Germany)

Conference Chair, 6th International Conference on Co-
herent Multidimensional Spectroscopy, CMDS 2012 
(Berlin, Germany)

Member, Advisory Board, Conference Series on Time-
Resolved Vibrational Spectroscopy

Member, Advisory Board, Int. Conference on Coherent 
Multidimensional Spectroscopy 

Divisional Associate Editor, Phys. Rev. Lett.

Member, Editorial Board, Chem. Phys. 

Member, Editorial Board, Chem. Phys. Lett.

Member, Editorial Board, Applied Physics A, Springer 
Verlag (Heidelberg, Germany) 

Member, Editorial Board, New J. Phys. 

U. Griebner

Member, Int. Program Committee, Advanced Solid-
State Photonics, ASSP 2011 (Istanbul, Turkey)

Member, Int. Program Committee, Conference on La-
sers and Electro-Optics/Europe, CLEO/Europe 2011, 
Topical Area: Solid-State Lasers (Munich, Germany)

R. Grunwald

Member, Program Committee, Complex Light and Opti-
cal Forces, Photonics West, SPIE

Member, Sub-Committee, Information Optics, Optical 
Storage and Displays, IQEC/CLEO Pacific Rim 2011

Chair, Organizing Committee, Int. Workshop on Nonlin-
ear Nanooptics for Ultrafast Laser Applications

Member, Editorial Advisory Board, The Open Optics 
Journal, Bentham Open 

Appendix 6

Activities in Scientific Organizations
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I. V. Hertel

Member, Editorial Board, Journal of Chemical Physics

Member, Kuratorium, Leibniz-Institut für Analytische 
Wissenschaften, ISAS - e.V. (Dortmund, Germany) 

Member, Board, German-Israeli James Franck Program 
(Munich, Germany / Jerusalem, Israel) 

Honorary Chair, Joint initiative of non university research 
institutions Berlin Adlershof (IGAFA) 

Member, High School related Activities of the Berlin 
Brandenburg Academy of Sciences 

Member, Interdisciplinary Working Group, Excellence 
Initiative, Berlin-Brandenburg Academy of Sciences 

Member, Selection Committee, Klung-Wilhelmy-Weber-
bank-Prize (Freie Universität Berlin, Germany) 

Member, Jury, Berlin Science Prize of the Governing 
Major 

Member, Scientific Advisory Board, Foundation Bran-
denburger Tor

Chair, Kuratorium Magnushaus, Deutsche Physikali-
sche Gesellschaft e.V. 

Coordinator together with S. Großmann, Autorengruppe: 
Lehramt Physik und die Situation der Physik in der Schu-
le, Deutsche Physikalische Gesellschaft e.V.
 
 
J. Herrmann

Member, Editorial Board of the Journal ISRN Optics 

M. P. Kalashnikov

Member, Program Committee, 9th Workshop on Com-
plex Systems of Charged Particles and Their Interaction 
with Electromagnetic Radiation (Moscow, Russia)   
 
 
A. Lübcke

Chair, Tiny Workshop on Water (MBI, Berlin-Adlershof)

Th. Schultz

Chair, Tiny Workshop on Water, (MBI, Berlin-Adlers-
hof) 

E. T. J. Nibbering

Member, Editorial Board, Opt. Lett.

Member, Editorial Board, Journal of Photochemistry and 
Photobiology A 

Member, Program Committee, Time-Resolved Vibra-
tional Spectroscopy, TRVS XV 

V. Petrov

Member, Program Sub-Committee, Solid-State La-
sers, 5th EPS-QEOD Europhoton Conference on Solid 
State, Fiber and Waveguided Light Sources (Stock-
holm, Sweden) 

Member, Program Committee, Advanced Solid-State 
Photonics (San Diego, CA, USA)

W. Sandner

President, German Physical Society

Coordinator, EC Research Infrastructure Network, LA-
SERLAB EUROPE II 

Chair, Photon Science Facilities Board, Science and Fa-
cilities Council, STFC (Abingdon, UK) 

Chair, Advisory Board, Cluster of Excellence Munich-
Center for Advanced Photonics, MAP (Munich, Ger-
many) 

Member, Scientific Advisory Board, The Institute of Pho-
tonic Sciences, ICFO (Barcelona, Spain)

Vice-Chair, Int. Committee on Ultra-High Intensity La-
sers, ICUIL 

Member, Board, European Association of National Re-
search Facilities, ERF 

Member, Executive Board, The European HiPER laser 
projects, STFC (Abingdon, UK)

Member, Scientific Council, Helmholtz Institute Jena 
(Germany)
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Member, Board of Trustees, Berthold Leibinger Stiftung 
GmbH (Ditzingen, Germany) 

Speaker, Steering Committee, EU-Office of the Leibnitz-
Association (Brussels, Belgium) 

Member, Board of Stakeholders, EU Technology Plat-
form Photonics21

Member, Program Advisory Board, Optical Technolo-
gies for the 21st Century, German Federal Ministry for 
Research and Education, BMBF (Bonn, Germany) 

Member, Int. Advisory Board, Institute for Plasmas and 
Nuclear Fusion (Lisbon, Portugal) 

Member, DLR-Strukturkommission, Institut für Techni-
sche Physik 

Member, Board, Supervisory ATTOFEL (Ultrafast Dy-
namics using Attosecond and XUV Free Electron Laser 
Sources) 

Member, Scientific Advisory Committee, APOLLON/ILE 
(École Polytechnique Palaiseau, France) 

Member, Steering Committee, Int. Workshop Laser 
Physics, LPHYS’11 (Sarajevo, Bosnia and Herzegovi-
na) 

Member, Scientific Advisory Committee, ELI-ALPS 
(Szeged, Hungary), since 2011

Member, Scientific Advisory Committee, ELI-CZ 
(Prague, Czech Republic), since 2010

Editor, together with G. Korn, G. A. Mourou, and J. L. 
Collier, ELI - Extreme Light Infrastructure. Science and 
Technology with Ultra-Intense Lasers. WHITEBOOK, 
THOSS Media GmbH

O. Smirnova

Member, Program Committee, 20th International Laser 
Physics Workshop, LPHYS’11 (Sarajevo, Bosnia and 
Herzegovina)

G. Steinmeyer

Finland Distinguished Professor, Optoelectronics Re-
search Center (Tampere, Finland) 

Advising Member, Arbeitskreis ‘Begriffe, Prüfgeräte und 
Prüfverfahren’ des Deutschen Instituts für Normung  
e.V. (DIN), Arbeitsausschuss Laser (Munich, Germany)

Program Chair, EQEC 2011 (Munich, Germany) 

Member, Committee, Nonlinear Photonics 2011 (Karls-
ruhe, Germany) 

Member, Program Committee, High-Intensity Lasers 
and High-Field Phenomena, HILAS 2011 (Istanbul, Tur-
key) 

Member, Program Committee, High-Intensity Lasers 
and High-Field Phenomena, HILAS 2012 (Berlin, Ger-
many) 

Member, Program Committee, Ultrafast Optics 2011 
(Monterey, CA, USA) 

Member, Program Committee, Nonlinear Photonics 
2012 (Colorado Springs, CO, USA) 

Member, Program Committee, Conference on Lasers 
and Electro-Optics, CLEO 2011, Topical Area: Ultrafast 
Optics, Optoelectronics and Applications (Baltimore, 
MD, USA) 

Member, Program Committee, Conference on Lasers 
and Electro-Optics, CLEO 2012, Topical Area: Ultrafast 
Optics, Optoelectronics and Applications (San José, 
CA, USA) 

Session Convener, Int. Union of Radio Scientists URSI, 
General Assembly 2011 (Istanbul, Turkey)

General Chair, IQEC 2013 (Munich, Germany)

J. W. Tomm

Permanent Member, Int. Steering Committee, Int. Con-
ference on Defects – Recognition, Imaging and Physics 
of Semiconductors, DRIP (Miyazaki, Japan) 

Organizer, Symposium E-MRS Spring Meeting 2011, 
Semiconductor nanostructures towards electronic and 
optoelectronic device applications III (Nice, France) 

J. Tümmler

Member, Program Committee, SPIE Optics + Optoelec-
tronics, EOO11, Session: Diode-Pumped High Energy 
and High Power Lasers (Prague, Czech Republic)

M. J. J. Vrakking

Managing Director Max-Born-Institut (Berlin, Germany), 
since 2011-05
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Coordinator, ATTOFEL Summer School (Crete, 
Greece) 

Chair, ATTOFEL Partner Meeting (MBI, Berlin-Ad-
lershof) 

Member, Scientific Reports, Nature Publishing Group 

Member, XFEL SQS Steering and Advisory Committee 

Member, Editorial Board of J. Phys. B (Manchester Pho-
ton Science Institute, UK) 

M. Weinelt

Member, Scientific Advisory Board, IOP Journal of 
Physics: Condensed Matter
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Max-Born-Institut (MBI)
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im Forschungsverbund Berlin e. V.

Mail Address: Max-Born-Institut
 Max-Born-Straße 2 A
 12489 Berlin
 Germany

Phone:  (++49 30) 6392 1505
Fax:  (++49 30) 6392 1519
 mbi@mbi-berlin.de
 www.mbi-berlin.de 
 

The Divisions of the Max-Born-Institut

Division A: Attosecond Physics
 Prof. Dr. M. J. J. Vrakking

Division B: Light Matter Interaction in Intense Laser Fields
 Prof. Dr. W. Sandner

Division C: Nonlinear Processes in Condensed Matter
 Prof. Dr. T. Elsaesser

City district:  Berlin Treptow-Koepenick
Subdistrict:  Berlin-Adlershof 

Site:  Berlin-Adlershof
Street:  Max-Born-Straße 2 A

S-Bahn:  S45, S46, S8, and S9
Station:  Berlin-Adlershof
 from there:
 Bus 162, 164 to Magnusstraße
 Tram: 60, 61 to Karl-Ziegler-Straße

Subway:  U7
Station:  Rudow
 from there:
 Bus 164 to Magnusstraße
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