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Robert Feidenhans’l

Managing Directors

Serguei Molodtsov

Scientific Directors

Sakura Pascarelli Thomas Tschentscher

Nicole Elleuche

The year 2022 was difficult for all of us, with the outbreak 
of war in Europe and the remnants of the COVID-19 
pandemic posing challenges to the facility. However, we 
are pleased to report that we succeeded in overcoming 
and weathering many of the challenges the year brought 
with it. 

Significant progress was made in the operation of the 
facility as well as in developing and enlarging the user 
programme. As a result of the joint efforts of our staff and 
the DESY accelerator team, the beamtime delivered to
the user community nearly doubled, reaching more than 
8100 hours in 2022. This was a massive step towards our 
goal of providing 10 500 hours per year by the second 
half of the decade. We also had 95 user experiments in 
2022—close to double the number in 2021—and it was 
great to see many users come back on site with excellent 
and exciting research.

Other factors contributing to successful experiments were 
the control system, data analysis, and detectors, all of 
which further improved performance, as well as the Data 
Operation Centre, which once again showed its value.

In October, we celebrated the first five years of successful 
user operation, together with State Secretary Judith 
Pirscher from the German Federal Ministry of Education 
and Research and Deputy Mayor of Hamburg Katharina 
Fegebank. At the same time, we started the commission-
ing of our seventh scientific instrument, the Soft X-Ray 
Port (SXP). The new instrument will enable users to install 
and operate their own equipment, making way for new 
experimental opportunities.

Unfortunately, it is unlikely that 2022 will be remembered 
by our scientific community for these important mile-
stones. Rather, it will be connected to the Russian 
invasion of Ukraine on 24 February. At European XFEL,  

all non-mandatory collaboration with Russia was halted, 
and researchers with Russian affiliations could no longer 
participate in experiments. Our guest house was opened 
to 30 refugees from Ukraine, and we were grateful to see 
the tremendous and overwhelming support for these 
refugees from our staff members with donations and 
personal assistance. 

Finally, we would like to thank our Council and committees 
for their help and support, and welcome the new Council 
Chair, Federico Boscherini, whose expertise will be invalu-
able to the operation of the facility. We would also like to 
thank our fantastic users, who continue to do ground-
breaking experiments at the European XFEL. In addition, 
we would like to express our gratitude to our colleagues at 
European XFEL and DESY for their commitment and 
enthusiasm, which have helped science and technology 
at our facility take another great step forward.
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Federico Boscherini

I would like to start this short note by sharing with you 
that I feel truly honoured to serve as Council Chair of 
European XFEL, an outstanding and unique laboratory 
that is opening new areas of research in X-ray science 
and technology. 

The year 2022, during which the fifth anniversary of 
successful user operation was celebrated, has brought 
considerable challenges to the company. The coronavirus 
pandemic has waxed and waned, a major geopolitical 
crisis with tragic consequences for innocent people 
erupted in Europe, and high inflation and soaring energy 
costs continue to challenge the financial landscape. 
However, I am sure that, with determination, caution, 
and collaboration among all stakeholders, we will weather 
the storm. The European XFEL community can count on 
my full commitment and the leadership that Council has 
entrusted in me.

Despite these difficulties, the user programme has 
proceeded in full swing with many users back on site. 
Exciting scientific results have been obtained, addressing 
four main societal challenges: Climate and Energy, 
Environment and Sustainability, Health, and Digitalization. 
New access modes have been implemented, with a very 
successful thematic call on water research. It is expected 
that other thematic calls will be opened in the future, while 
maintaining strong support for curiosity-driven research. 
Instrumental capabilities have also been expanded with 
first light achieved on the new Soft X-Ray Port (SXP) and 
the recent approval of the High-Energy X-Ray Scattering 
(HXS) instrument. The accelerator complex has performed 
very well, with new exciting developments relating to hard 
X-ray self-seeding, two-colour operation, and generation 
of sub-femtosecond pulses. The exploitation of the new 
capabilities and the science programme depend on the 
successful training of the next generation of scientists, 
supported by a strong Ph.D. programme—conducted in 
partnership with a number of European universities—
which attracts a diverse student community.

The strategy process has been adjusted to the current 
times, and clear priorities have been identified that exploit 
the unique characteristics of the European XFEL facility: 
full development and use of self-seeding, the supercon-

ducting undulator radiation source, the HXS instrument, 
generation of sub-femtosecond pulses, a new generation 
of pixel detectors, and the preparation for the realization 
of the next two beamlines, SASE4 and SASE5. The 
European XFEL scientific community looks forward to the 
harvesting period in the next few years in which the great 
investment made will enable us to reap outstanding 
scientific results.

The financial outlook is causing great stress at many 
European large-scale facilities. We are therefore very 
happy that European XFEL has sufficient financial 
robustness to circumvent problems related to high energy 
costs without increased contributions from the sharehold-
ers in 2023. In fact, the 2023 budget was approved at the 
originally planned level.

There are very positive developments concerning 
European XFEL governance. Nicole Elleuche’s new 
contract as Administrative and Managing Director until 
March 2028 has been signed. The Chair of the Adminis-
trative and Finance Committee (AFC), Sabine Carl, has 
been re-appointed for her second term, and we are very 
grateful for the availability of Maja Hellsing as the new 
AFC Vice Chair starting in 2023.

During my first months of duty, it has been a pleasure to 
establish an excellent working relationship with the 
European XFEL Managing Directors, the Council Vice 
Chair, and the Council Secretariat. I would also like to 
thank our users and the European XFEL User Organiza-
tion as well as the staff members of European XFEL and 
DESY for their excellent work and commitment. This is an 
excellent basis to face future challenges.

��
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New crystallography approach 
enables faster characterization  
of novel materials.

SILVER SCREENINGSILVER SCREENING

Technological innovation relies on novel materials. 
Industries require fast and effective characterization 
of such materials before integrating them into manu-
facturing processes. And yet, for many types of 
materials, this characterization can be slow and 
labour-intensive due to challenges in producing 
crystals for screening at X-ray sources. In a recent 
experiment at the FXE instrument, a group of scien-
tists used a new crystallographic approach to study 
the structure of silver compounds from the material 
family known as “metal-organic chalcogenolates”. 
The new approach opens the way to effective charac-
terization of a wider range of materials.

New materials are the cornerstone of technological 
development. Innovation in a wide range of sectors— 
including renewable energy, transport, biotechnology,  
and information technology—is driven by new materials 
with improved characteristics. However, many such useful 
compounds are often found through fortuitous discovery 
rather than systematic design. 

Understanding the fundamental structural and mechanical 
characteristics of compounds is key to developing new 
materials as part of a more conscious design process. 
Gaining such knowledge is often more difficult than it 
would appear. Crystallography techniques using X-rays 
are widely employed to study the 3D atomic arrangement 
of materials. However, crystallographic characterization 
remains a major bottleneck, as it can be difficult to grow 
crystals large enough to study with available light sources. 
In addition, there are few computational tools that can 
predict new, high-impact materials. 

“With traditional characterization approaches, it can take 
years to screen and study new materials”, says Christo-
pher Milne, leading scientist at the FXE instrument of the 
European XFEL. “We need to find alternative ways of 
efficiently assessing potentially interesting materials and 

for such a significant length of time that you would 
destroy the crystal before you got your data”, explains 
James Hohman from the University of Connecticut, USA, 
who led a recent experiment at FXE. “The extremely 
bright and precise X-rays generated by the European 
XFEL now give us the opportunity to develop new 
methods for characterization, ones that are not reliant on 
having large, stable crystals.” 

Taking an alternative approach to material characteriza-
tion, Hohman, together with collaborators from across the 
globe, used a new technique, known as “small-molecule 
serial femtosecond X-ray crystallography” (smSFX),  
to study silver MOChas compounds. For their experiment, 
the scientists injected a liquid suspension of microcrystal-
line silver MOChas into the X-ray beam using a  
gas-dynamic virtual nozzle (GDVN). When an X-ray FEL 
pulse hits a crystal in the jet, an X-ray diffraction pattern is 
recorded, which allows a snapshot of the 3D arrangement 
of the atoms to be assembled after collecting many 
thousands of patterns (Figure 2). First results were 
extremely successful. The researchers solved the struc-
tures of three silver MOChas compounds at high resolu-
tion, revealing details of how the inorganic and organic 
components are layered.

While smSFX is very similar to its predecessor, serial 
femtosecond protein crystallography, two specific 
aspects of this technique are more demanding. “The 
ability of the FXE instrument to work at very short X-ray 
wavelengths of less than 1 Å and the possibility to 
position the LPD X-ray detector very close to the sample 
position were crucial for this technique to be successful”, 
explains Milne. “This allowed us to collect diffraction 
peaks at very large scattering angles, which is necessary 
for the smSFX data analysis to be successful.”

The experiment was a success. The uniquely high 
repetition rate of the X-ray pulses generated by the 
European XFEL resulted in extremely quick data collec-
tion. Around 6000 snapshots were captured in about two 
minutes, a feat that would take several hours at other 
X-ray FEL facilities. Furthermore, the very intense X-ray 
beam meant that the fine details of the compound 
structures could be observed, which is important for the 
identification of organic bonds in complex systems such 
as MOChas.

As the first experiment of its kind at the FXE instrument, 
the study was a large joint effort in terms of careful 
preparation and collaboration with many other groups for 
equipment integration, sample delivery, detector calibra-
tion, and implementation of the data analysis pipelines. 

compounds. This is especially relevant in industries  
where we see rapid growth and innovation, such as in  
the development of quantum data technologies.”

Compounds known as “metal-organic chalcogenolates” 
(MOChas) have recently attracted interest for their 
semiconducting properties and antimicrobial activity 
(Figure 1). These nanoconductors are of particular appeal 
for the field of quantum information science. However, 
because these materials produce nanocrystals or micro-
crystals, studying them with traditional X-ray crystallogra-
phy techniques is extremely difficult, so there is a lack of 
knowledge about their atomic structure and understand-
ing of how they function. 

“In order to get enough detailed data from these  
tiny crystals using traditional X-ray light sources and 
crystallographic techniques, you need to illuminate them 

The scientists are now expanding the capabilities of this 
approach. As a next step, they plan to do time-resolved 
experiments, which are of significant interest for research-
ers studying light-sensitive chemicals used in materials 
such as photovoltaics.

“Our breakthrough experiment demonstrated that smSFX 
can be applied as a general technique for structure 
determination of beam-sensitive nanocrystalline materials 
and, most importantly, of those with no reference struc-
tures available in structure databases”, says Hohman. 
“Metal-organic chalcogenolates have been notoriously 
hard to study. Small-molecule femtosecond X-ray 
crystallography at the European XFEL has now opened 
the door to the investigation of this material family and 
others—an essential milestone for materials science.” 

Figure 1: Space-filling perspective model depicting the  
general organization of silver (I) n-alkanethiolates, which are part 
of the MOChas family. The silver atoms are shown in blue and 
nominally arranged in a 2D layer, coordinated by sulphur atoms 
(yellow). The chains are packed end to end. 

Figure 2: (a) Schematic of the smSFX experiment. (b) Ran-
domly oriented microcrystals are delivered by GDVN into the 
interaction chamber and interact with the 30 fs X-ray pulses, 
producing diffraction images before being destroyed by the 
pulses. (c) Individual frames from randomly oriented crystals. 

Authors
M. Aleksich, D.W. Paley , E.A. Schriber, W. Linthicum, V. Oklejas, 
D.W. Mittan-Moreau, R.P. Kelly, P.A. Kotei, A. Ghodsi,  
R.G. Sierra, A. Aquilla, F. Poitevin, J.P. Blaschke, M. Vakili,  
C. Milne, F. Dall’Antonia, D. Khakhulin, F. Ardana-Lamas, F. Lima, 
J. Valerio, H. Han, T. Gallo, H. Yousef, O. Turkot, I.J. Bermudez 
Macias, T. Kluyver, P. Schmidt, L. Gelisio, A.R. Round, Y. Jiang, 
D. Vinci, Y. Uemura, M. Kloos, M. Hunter, A.P. Mancuso,  
B.D. Huey, L.R. Parent, N.K. Sauter, A.S. Brewster, J.N. Hohman 

Reference
M. Aleksich et al.: submitted to J. Am. Chem. Soc. (2023)

The work on high-repetition SFX of crystalline hybrid solids was 
done as part of the user experiment #3073 (principal investigator 
J. Hohman). The experiment was carried out at the FXE instru-
ment of the European XFEL.
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In tropical and subtropical regions, diseases transmit-
ted by mosquitoes pose a significant burden to human 
health and social structures. Naturally crystalline 
mosquitocidal toxins isolated from soil bacteria are 
biodegradable and environmentally friendly and 
therefore have long been used as safe and effective 
tools for controlling mosquito populations. However, 
resistance against these natural toxins is emerging, 
raising concerns that they could become inefficient.  
A better understanding of the structure and function of 
these proteins is crucial for developing more effective 
bioinsecticides. Two recent experiments at the  
SPB/SFX instrument shed new light on the structure of 
toxins isolated from the bacteria Bacillus thuringiensis 
subsp. israelensis and Lysinibacillus sphaericus, 
providing clues about how to devise better treatments.

According to the World Health Organization (WHO), 
vector-borne diseases, including those transmitted by 
mosquitoes, account for around 17% of all infectious 
disease cases and more than 700 000 deaths every year 
worldwide [1]. 

Species from 3 of more than 50 known mosquito  
genera—Anopheles, Aedes, and Culex—are vectors for 
several life-threatening diseases. Anopheles mosquitoes 
transmit Plasmodium parasites that cause malaria, 
accounting for an estimated 247 million cases and over 
600 000 deaths per year, mostly in children under five [2]. 
Dengue, a viral infection transmitted by Aedes mosqui-
toes, results in around 40 000 deaths each year. Other 
diseases include yellow fever, Zika, chikungunya (all three 
transmitted by Aedes mosquitoes), and West Nile fever 
(Culex mosquitoes). 

Mosquito-borne diseases mostly occur in tropical and 
subtropical regions. However, a mix of environmental and 
demographic factors has been driving an expansion of 
the mosquitoes’ range. Alongside medical treatment, 
vector control is a key element of strategies used by the 
WHO and local health authorities to reduce the burden of 
diseases transmitted by mosquitoes. Insecticides are 
sprayed and used to treat insect nets in areas where 
mosquitoes and associated diseases are prevalent. 
However, not only do chemical insecticides present a risk 
to human and ecosystem health, they also increase 
resistance in mosquitoes, meaning they are becoming 
less effective. 

Naturally occurring nanocrystalline bioinsecticides offer  
a safer and more environmentally friendly option.  
Accordingly, mosquitocidal toxins isolated from the soil 
bacteria Bacillus thuringiensis subsp. israelensis and 
Lysinibacillus sphaericus have long been used as key 
components of bioinsecticides to control mosquito 
populations in plant crop protection. Combinations of  
proteins from these bacteria are used to increase the 
pathogenicity of such bioinsecticides. The proteins are 
toxic to only a small range of pests, including certain 
types of mosquito larvae, and are biologically degradable. 

“Bioinsecticides are a key vector control measure in areas 
affected by diseases such as malaria”, says European 
XFEL Scientific Director Sakura Pascarelli. “A better 
understanding of how proteins used in bioinsecticides 
actually affect mosquito larvae could help us determine 
how resistance occurs and enable the development of 
more effective and targeted products.”

Although the toxicity and pesticidal qualities of these 
bioinsecticides have been appreciated and used for 
almost a century, little is known about their structure and 
exact function. “These proteins naturally form tiny crystals 
packed along with the bacterial spore, making them really 
difficult to study effectively with traditional crystallography 
methods”, explains Colin Berry, Professor at Cardiff 
University in the UK, who led one of two recent experi-
ments at the SPB/SFX instrument that studied the 
structure of such proteins. The crystals are so small that 
an extremely bright and tightly focused X-ray beam is 
needed to illuminate them enough so scientists can 
collect data of the quality required to resolve the atomic 
3D structure of the proteins. 

“The extremely bright and intense beam of the European 
XFEL gives us the unique opportunity to study these 
crystals in situ”, explains Dominik Oberthür from the 
Center for Free-Electron Laser Science (CFEL),  
who, together with Berry and an international group of 
researchers, used serial femtosecond crystallography at 
SPB/SFX to study a protein known as Tpp49Aa1 that is 
found in the bacterium Lysinibacillus sphaericus [3].  
“The beam could be focused to match the size of natural 
nanocrystals, and the beam intensity and the high 
repetition rate enabled us to collect a large set of 
high-quality data”, adds first author Lainey Williamson, 
also from Cardiff University. The speed of the jet deliver-
ing the crystals was matched to the pulse rate of the 
intense X-ray beam so that tens of thousands of snap-
shots could be collected. The scientists then used these 
images to determine a 3D structural model of the protein. 

The researchers not only determined the structure of the 
Tpp49Aa1 protein for the first time, they revealed signifi-
cant details that enabled key insights into how the protein 
works. Using this data, the team went on to model the 
interaction of Tpp49Aa1 with another protein, Cry48Aa1, 
which interacts with it in bioinsecticides (Figure 1).  
The scientists also set up lab-based experiments to learn 
more about the pathogenicity of the protein pair. 

The researchers are excited about the significance of the 
study. “We were able to show that this pair of proteins is 
actually toxic to more mosquito species than was 
previously realized“, says Williamson. 

In a second study [4], which also used serial femtosecond 
crystallography at the SPB/SFX instrument, scientists 
studied the two most potent mosquitocidal toxins 
produced by two subspecies of the soil bacterium 
Bacillus thuringiensis (Bt): Cry11Aa from Bt subsp. 
israelensis and Cry11Ba from Bt subsp. jegathesan.  
The two toxins differ in the spectrum of insects they affect 
and in the size of the crystals they form: Cry11Ba is more 
efficient against the Aedes mosquito and forms larger 
crystals than Cry11Aa. However, despite the importance 
and toxicity of these two proteins, little had been previ-
ously known regarding their structure. “The structures of 
these proteins had remained elusive because of their 
inability to recrystallize after extraction from the cells”, 
explains Jacques-Philippe Colletier from the University of 
Grenoble Alpes in France, who led the study. “Further-
more, there was no known structural model of a related 
protein that could have been used as a reference in the 
structure building process.” 

In their experiment, Colletier and collaborators success-
fully solved the structure of these two proteins using a 
method known as “single-wavelength anomalous disper-
sion” (Figure 2). With this technique, a single dataset is 
collected to resolve a structural model without the use of 
reference models. “This is exciting because not only were 
the structures of these proteins completely unknown,  
they also have immediate relevance for mosquitocidal 
treatments”, says Colletier. The data revealed the molecu-
lar basis for the unmatched toxicities of the two toxins, 
shedding light on how they could be further engineered to 
produce larger crystals or more potent toxins. Further-
more, the measurements, including those from three 
mutant toxin structures the scientists solved in addition to 

Two recent experiments reveal 
structural details of important 
bioinsecticides.

STRUCTURAL INSIGHTS FOR 
IMPROVED CONTROL OF 
MOSQUITO-BORNE DISEASES 

STRUCTURAL INSIGHTS FOR 
IMPROVED CONTROL OF 
MOSQUITO-BORNE DISEASES 

Figure 1: Two models 
showing possible struc-
tures of the Cry48Aa1–
Tpp49Aa1 protein 
complex. Cry48Aa1 
is represented in dark 
blue and Tpp49Aa1 in 
magenta. The region 
of Tpp49Aa1 that was 
experimentally shown to 
interact with Cry48Aa1 is 
indicated in green.
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Figure 2:

Left: Crystals of the toxins Cry11Aa (top row) and Cry11Ba 
(bottom row). The panels show, from left to right, a scanning 
electron micrograph, a transmission electron micrograph,  
and a close-up view of the crystal surface.

Right: Determined structure of the Cry11Aa crystal. 
The different structural elements are indicated. 
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the two natural toxins, gave valuable insights into the 
crystallization process and how this might be controlled 
for effective toxin production. For example, by changing a 
single atom at a time in each of the two proteins—which 
are made up of around 7000 atoms each—it was possible 
to gain control of the shape, size, and dissolution proper-
ties of the nanocrystals, supporting the hypothesis that 
command can indeed be taken of the crystallization 
machinery of Bacillus thuringiensis.

“The ultimate goal of our research is to identify the 
structural determinants for the toxicity, spectrum, and in 
vivo crystallization of these naturally crystalline toxins”, 
explains Colletier. “We hope our research provides useful 
insights into how to produce new recombinant toxins that 
are endowed with improved toxicity and larger spectrum 
and that form bigger crystals. In this way, we may even
tually reduce the costs associated with the production of 
bacterial mosquitocides and thus enable the use of  
Bt-derived mosquitocial products in developing countries.”

“These two projects have shown that, with the unique 
capabilities of its X-ray beam and instruments, the 
European XFEL can help to address some of the types of 
questions that have so far eluded structural biologists”, 
says Pascarelli. “The results will be extremely helpful in 
developing more effective vector control measures against 
some of the most devastating diseases across the world.”

Attosecond X-ray science holds the key to studying 
electron dynamics from the vista of specific elements 
in matter. It thus promises to build the bridge between 
chemical and physical processes at the very onset of 
dynamics in matter after photoabsorption. And yet, 
even though facilities such as the European XFEL are 
on the verge of generating X-ray pulses that can be 
used to explore such processes in time-resolved 
experiments, actually measuring these attosecond 
pulses remains a cutting-edge challenge. In a recent 
experiment at the SQS instrument, scientists used a 
method known as “angular streaking” to non-destruc-
tively characterize all ultrashort X-ray pulses delivered 
to the instrument with attosecond resolution. This 
technique enabled them to pursue the first attosec-
ond-resolved experiment at the European XFEL, 
targeting some of the fastest electron dynamics ever 
investigated with an X-ray laser.

The European XFEL can produce extremely short and 
intense X-ray pulses lasting only a few femtoseconds. 
These pulses are already being used to explore uncharted 
territory regarding fundamental physical phenomena, 
chemical reactions, and the atomic structures of biologi-
cal molecules, such as proteins and viruses. While there is 
much more to discover in this femtosecond time range, 
the pulses’ stochastic substructure—which is due to the 
self-amplification of spontaneous emission in the SASE 
process—has remained unknown for the vast majority of 
experiments at X-ray FELs. This is one reason scientists 
are already looking to take the European XFEL one step 
further to reach an even briefer time scale—the atto- 
second time regime. 

First attosecond X-ray pulses at the 
European XFEL are measured directly  
in the time domain.

SETTING THE STAGE FOR 
ATTOSECOND SCIENCE 
AT THE EUROPEAN XFEL

SETTING THE STAGE FOR 
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In a pioneering study at the SQS instrument, scientists 
from the SQS group, the FEL R&D group, and an interna-
tional consortium around Wolfram Helml from TU Dort-
mund University and Markus Ilchen from DESY set out to 
characterize the ultrashort SASE pulses and use them to 
investigate some of the fastest electron dynamics ever 
targeted with X-rays. “A flurry of processes happens 
within a few femtoseconds, or even in a sub-femtosecond 
time window, after exposure to X-ray FEL photons, 
ultimately determining the response of matter to X-ray 
illumination”, explains Helml. “Without knowing the exact 
temporal structure of the X-ray pulses, one is practically 
blind to the important physical origins of the subsequently 
evolving dynamics.” 

Attosecond X-ray science is expected to allow scientists 
to connect physical processes at the time scale of 
electronic movement with ultrafast chemical and molecu-
lar reactions. Just as the speed of a camera shutter needs 
to match the speed of the movement the photographer is 
trying to capture, so X-ray pulses that match the speed of 
these electronic, chemical, and structural processes on 
atomic scales enable scientists to study the details of 
these dynamics. However, while FEL technology can now 
provide attosecond X-ray pulses at the European XFEL, 
as demonstrated in this study, researchers can enter this 
new era of exploration only with detailed information from 
direct measurements of the exact time and energy 
structure of each X-ray pulse. 

“The spikes of the SASE pulses in the X-ray regime have 
a duration typically on the order of a few hundreds of 
attoseconds, and the current generation of diagnostic 



)* Annual Report 2022Highlights 1716

methods struggles to routinely resolve these individual 
spikes”, says Ilchen. “The temporal structure of the spikey 
X-ray FEL pulses determines the dynamical response of 
matter to the X-ray photons to a large extent in a broad 
variety of experiments, not only at SQS. The accurate 
characterization of each incoming pulse in real time is one 
of the most pressing technical challenges we face at 
FELs, particularly in opening up the field of attosecond 
X-ray science.” 

To characterize the SASE pulses, the scientists have 
developed a technique known as “angular streaking” [2]. 
For this method, X-ray pulses ionize a gas, in this case 
neon, which produces photoelectrons with well-defined 
characteristics. When the photoelectrons are generated in 
the presence of an external rotating optical laser field, 
they act as a clock. Their momenta are modified, leading 
to shifts in their kinetic energies and emission angles, 
which reveal the exact time the electrons are emitted and 
thus the spikey intensity structure of the X-ray FEL pulses. 
At SQS, the team used an advanced multi-spectrometer 
setup, consisting of 16 high-resolution time-of-flight 
electron spectrometers looking into the same interaction 
region, to record the photoelectrons. The technique, 
which was deployed at the European XFEL for the first 
time, substantially increased the achievable energy 
resolution and accuracy compared to previous studies 
(Figure 1).
 
Helml, Ilchen, and their colleagues are pleased with the 
outcome of the characterization study. “We were able to 
measure not only the first isolated attosecond pulses at 
the European XFEL, but also pulses possessing two 
spikes that we can sort according to their delay in time”, 
says Ilchen. “We thus opened the door to pump–probe 
experiments, where we can initiate distinct processes with 
atomic precision with the first spike and directly interro-
gate the system with the subsequent spike.” 

Michael Meyer, leading scientist at SQS, adds: “We found 
the different pulse shapes to be statistically connected 
with specific operation modes of the European FEL.  
This knowledge will help us to further develop the facility’s 
capabilities to generate such attosecond X-ray pulses and 
enable us to move forward into an era of target-tailored 
attosecond experiments.” 

Figure 2 shows two of these characteristic operation 
modes with substantially different SASE pulse profiles. 
The goal is that scientists will eventually be able to use 
the method at SQS to extract all accessible pulse profile 
information online during their experiments, i.e. within a 
fraction of a second, and to correlate and adjust their data 
analysis accordingly. 

Figure 1: 

Temporal structure of SASE pulses with sub-femtosecond 
resolution, reconstructed by angular streaking. From 
left to right: Isolated single-spike lasing event in the 
attosecond regime, dual-spike lasing event with a delay 
of about 2 fs between the two spikes, and multi-spike 
pulse of a few femtoseconds duration. The background 
shows a simulated detector image generated for training 
of machine-learning-based pulse characterization [1], 
depicting the detection angle vs. the flight time in the x 
and y direction, respectively.

Figure 2: 

Comparison of two specific European XFEL operation 
modes during the attosecond campaign in 2022. One of 
the schemes (blue) led to an unprecedentedly significant 
production of attosecond pulses. The multi-spike opera-
tion is shown as a reference (red).

 SQS Highlight

For their first attosecond time-resolved experiment, 
the scientists studied the electron restructuring of 
“hollow” neon after the ultrashort X-ray FEL pulse ejected 
both highly bound core electrons. The underlying pro-
cesses in a highly transient system with a lifetime of only 
about 2 fs had been spectroscopically investigated for the 
first time in the first user experiment at SQS in 2018 [3]. 
“Now, these processes can be studied directly as they 
evolve in time, thanks to the special spectroscopy we 
used and the extremely high X-ray intensities provided by 
the European XFEL, which allowed us to measure these 
processes even in single shots”, Helml reports. 

Figure 3 illustrates some of these measurements.  
The resonant double-core hole (DCH) signatures can 
unprecedentedly be recorded in single shots—i.e.  
with individual X-ray pulses—using the new modes of 
attosecond operation and the special spectroscopy 
instrumentation. The combination opens the door to 
site-specific investigations of electron dynamics in matter, 
with interdisciplinary prospects for X-ray FEL research 
in general.

Figure 3: 

Single-shot spectroscopy of neon Auger–Meitner 
spectra from single- and double-core holes (DCH) 
in comparison with a 100-shot average 
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A JOURNEY TO THE CENTRE 
OF THE EARTH
A JOURNEY TO THE CENTRE 
OF THE EARTH

The lower mantle makes up over half of the Earth’s 
total volume. Knowledge about the structure and 
composition of the lower mantle is important to 
understand more about planetary processes.  
However, recreating the extreme temperatures and 
pressures found in deep Earth is extremely difficult in 
the laboratory. In an experiment at the HED instru-
ment, scientists used the unique parameters of the 
European XFEL to study the electronic spin state of 
iron and structural phase changes in the iron car-
bonate system. The proof-of-concept experiment 
opens the way for future studies of the chemistry and 
dynamics of planetary interiors. 

If you were to take an elevator down to the centre of the 
Earth, you would first travel from the surface down 
through the Earth’s crust, then through the subcontinental 
lithosphere, the upper mantle, and finally, some 600 km 
below the Earth’s surface, you would reach the upper limit 
of the lower mantle. You would need to travel another 
2300 km down through the lower mantle to finally reach 
the Earth’s core; the lower mantle makes up over half the 
Earth’s total volume. Conditions this far underground are 
extreme—temperatures in the lower mantle range from 
1700˚C at its upper limit to around 3200 to 3700˚C at the 
border with the Earth’s core; pressures range from 24 to 
136 GPa.  
For comparison, the pressure at the deepest point of our 
oceans, the Mariana Trench 11 km below sea level, is 
around 0.1 GPa. 

The lower mantle is a crucial part of the Earth’s complex 
structure. Convection currents in the lower mantle are 
understood to be important for driving tectonic plate 
movement; mantle plumes result in volcanic eruptions at 
the Earth’s surface; and descending subduction slabs 
eventually make their way down to the lower mantle 
where they are recycled. The velocity and path of seismic 
waves, produced by and used as indicators of earth-

quakes, are significantly influenced by the composition of 
the lower mantle. And yet, due to the difficulties in 
sampling and studying materials under such extreme 
conditions, there is still no clear understanding of the 
lower mantle’s composition.

Electrons in metal compounds can take on different spin 
configurations, affecting their physical behaviour. The spin 
states of iron in iron-bearing compounds—such as 
oxides, silicates, and carbonates—present in the lower 
mantle are thought to switch from a high-spin state to a 
low-spin state under particular pressure and temperature 
regimes. The spin state of these compounds affects the 
mantle’s physical properties—such as density, elasticity, 
and viscosity—information needed to conduct computa-
tional simulations of such properties.

“Determining how the extreme pressure and temperature 
regimes found in the lower mantle affect the spin state of 
iron-bearing compounds is crucial for our understanding 
of the chemical and physical properties and dynamics of 
our planet”, says Ulf Zastrau, leading scientist at the HED 
instrument of the European XFEL. 

It is not easy, however, to create these conditions in the 
lab. In a recent experiment at HED, a group of scientists, 
coordinated by researchers from TU Dortmund University 
in Germany, used the unique parameters of the European 
XFEL X-ray beam to heat and study iron carbonate 
samples at static pressure. With the extremely intense 
X-ray beam, delivered in rapid pulses, it was possible not 
only to heat a sample to extreme temperatures but to 
maintain the high temperature for the prolonged time 
frame of several minutes needed for the experiment,  
while the sample was pressurized using a so-called 
diamond anvil cell (DAC). Consisting of two opposing 
diamonds with a sample compressed between the tips, 
DACs enable scientists to exert extremely high pressures 
onto any given sample (Figure 1).

Figure    1: 
Top: Photograph of a DAC. Bottom: Schematic of the DAC used 
at the HED instrument, with a 2.275 mm wide standard diamond 
upstream (left) and a 1.72 mm wide Boehler-Almax diamond 
downstream (right). The sample (green) is contained in a hole in a 
rhenium gasket with a diameter of 100 μm. (XES: X-ray emission 
spectroscopy, XRD: X-ray diffraction)

Figure    2: 
The X-ray emission spectroscopy map shows the high-spin state 
(red) in the heated spot relative to the surrounding low-spin iron 
carbonate (blue). The sample’s approximate outline is marked in 
red. Measurements were conducted while the sample was still 
under high pressure.

“Thanks to the unique combination of high pulse repeti-
tion rate, extremely brilliant X-ray beam, and the use of 
the DACs, we were able to create pressures of 51 GPa 
and reach melting temperatures in the iron carbonate 
samples”, says Johannes Kaa from the TU Dortmund 
University team, who conducted the experiment with the 
HED group and researchers from Potsdam and Göttingen 
in Germany, Zürich in Switzerland, and Grenoble in France.

Initial data analysis indicates a complex process of change 
within the iron carbonate samples while under extreme 
temperature and pressure. Nonetheless, the scientists 
were able to gain insights into the spin state and structural 
changes of the samples. They observed that, during 
heating, first the volume of the low-spin iron carbonate 
increases dramatically when switching to high spin, then a 
more complex carbonate compound is formed, followed 
by melting with iron in the high-spin state.

The successful proof-of-concept experiment opens the 
way for more studies of the structure and dynamics of 
planet interiors. “With this type of experiment setup,  
we can increase our understanding of the Earth’s interior 
and of other planets”, says Kaa. “We now want to 
improve our approach for future experiments, where we 
hope to get even more detailed results at higher pressures 
and shorter time scales.” 
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If an atom absorbs light, such as X-ray photons, it can 
emit fluorescence light in return. Absorption of a 
photon creates an excited state of the atom that can 
then decay to the ground state through emission of a 
fluorescence photon characteristic of the element. 
The lifetime of the excited state is very short, typically 
1 fs or less for a core electron excitation, so that, 
under usual illumination conditions, it is improbable to 
excite a large number of atoms in the specimen within 
this lifetime. The advent of X-ray FELs such as the 
European XFEL has changed that. At the European 
XFEL, the X-ray pulse used to excite the atom can be 
very intense and have a duration comparable to the 
lifetime of the excited state. Simultaneous excitation 
of an ensemble of atoms creates a collectively excited 
state, and intensity correlation maps of the fluores- 
cence can then be used to produce images of the 
structure of the emitters, potentially down to atomic 
resolution. This method could mark a step forward 
toward the imaging of dense plasmas, macromole-
cules, or clusters of atoms. 

Fluorescence is a well-known process that provides the 
basis for various structural characterization methods, 
such as X-ray fluorescence spectroscopy. Thanks to the 
ultrashort, high-intensity pulses of X-ray FELs, it is now 
possible to excite many atoms of the specimen within the 
lifetime of the excited state, which is on the order of 1 fs 
or shorter for K-shell excitation of heavy atoms by hard 
X-rays. This collective excitation means that many atoms 
decay simultaneously (within the excited state’s lifetime). 
A spatial correlation analysis of the emitted fluorescence, 
together with application of a phase retrieval algorithm, 
can then be used to generate an image of the fluorescent 
atoms. This method—called “incoherent diffractive 
imaging” or “fluorescence intensity correlation imaging”—
has, until now, been practically impossible because of low 
signals. The ultrashort and ultrabright X-ray beam 
generated by the European XFEL, combined with the 

megahertz repetition rate, makes this method applicable 
for the first time in imaging experiments at the facility’s 
MID instrument.

“As we seek to explore the structure of a wider range of 
molecules and materials as well as dynamics that occur 
on unfathomable time scales, we need a greater range of 
tools and methods”, says European XFEL leading 
scientist Anders Madsen. “Our extremely bright X-ray 
pulses arriving at megahertz repetition rate enable 
experimental techniques we could only dream about in 
the past.” 

A team of scientists has now successfully tested the new 
method at the MID instrument. For the proof-of-principle 
experiment, the team used copper foils to demonstrate 
that imaging by X-ray fluorescence intensity correlation 
can indeed provide an image of the fluorescing structure 

(Figure 1). A copper foil was excited by a series of highly 
focused X-ray femtosecond pulses. Because each pulse 
was intense enough to damage the foil, the foil had to be 
moved between pulses to ensure that the X-ray beam hit 
a different area each time. The time gap between pulses 
was 444 ns, so the foil had to move at a speed of over  
30 m/s between the pulses. To achieve this rapid move-
ment, the foil was mounted on a spinning disc. After the 
foil absorbed the X-ray energy, the generated 
fluorescence photons were picked up by a detector 
several metres away. The detector recorded separate 
images for every exciting pulse, fully exploiting the 
megahertz repetition rate of the European XFEL. By 
correlating where the emitted photons were hitting the 
detector within one exposure, an image of the fluorescing 
structure could be pieced together (Figure 2).

“This approach has promise for a range of different 
experimental scenarios”, says Fabian Trost from DESY, 
who led the study. “In the future, it might be possible to 
obtain high-resolution three-dimensional images of 
fluorescing structures for real-time analyses, for instance 
of the formation and evolution of dense plasmas,  
which are relevant for fusion energy research.”

Furthermore, the team says the method could be used 
in combination with other X-ray imaging techniques, 
complementing other datasets and analyses and possibly 
even enabling imaging of macromolecules or clusters. 
“For the first time”, concludes Madsen, “it was shown 
that quantitative imaging by X-ray fluorescence intensity 
correlation is a feasible method for studying the structure 
and dynamics of matter at the European XFEL.” 

A new intensity correlation method 
demonstrates that X-ray fluorescence can 
be used for ultrafast imaging of materials. 

EXCITING 
FLUORESCENT ELEMENTS
EXCITING 
FLUORESCENT ELEMENTS

Figure 1: Sketch of the experiment setup (CRL: compound 
refractive lenses, Cu: copper, Ni: nickel, He: helium) 

Figure 2: Left: Measured signal of the second-order correlation function g(2) − 1 in logarithmic representation. Centre: Cut through 
the g(2) − 1 signal along the direction of the grating modulation qy′ and integrated along qx′. The oscillatory behaviour evidences the 
structured illumination (two beams) of the copper disc due to phase modulation by the grating (see Figure 1). Right: Reconstructed 
fluorescence emitter distribution at the copper disc with the two beam spots clearly visible.
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X-ray absorption spectroscopy experiments 
reveal details of fundamental mechanisms 
of magnetism.

MAGNETIC INSIGHTSMAGNETIC INSIGHTS

Although magnets are familiar to us all, details of the 
underlying mechanisms of magnetism are still largely 
unknown because of the challenges involved in 
studying ultrafast processes that occur across minute 
distances. At the SCS instrument, researchers have 
used new approaches to study these mechanisms in 
two recent experiments. A better understanding of 
magnetism could inform the development of faster 
and more efficient data storage technologies.

From the simple fridge magnet to computers and enor-
mous medical imaging devices, magnets are integral parts 
of our material world. These familiar objects exhibit a type 
of magnetism called “ferromagnetism”, which occurs on 
its own without an external magnetic or electric field. Only 
a few substances exhibit these unusual properties—most 
commonly iron, nickel, and cobalt as well as their alloys. 

“Humans have known about magnetism for millennia”, 
says European XFEL Scientific Director Serguei 
Molodtsov, “and yet we still lack a truly comprehensive 
picture of the underlying electronic and atomic structure 
and dynamics that cause this familiar phenomenon.” 

Magnetism is the result of the interplay of atomic process-
es. A crucial factor is the spin direction of the electrons 
that surround the atom cores in the metal or metal alloy. 
Electrons can spin in one of two directions, either “up”  
or “down”, creating a mini magnetic field as they do so.  
In ferromagnetic materials, all electrons spin in the same 
direction, generating a magnetic field across the entire 
metal. However, spin alignment occurs only when the 
electron shells are not completely filled. When nearby 
atoms have unequal numbers of electrons in their shells, 
the difference in charge means that they repel each other, 
forcing the electrons to align their spin direction. This is 
known as exchange interaction. The interplay between 
this interaction, how the effect dissipates across the 
material, and the forces that build up between electrons 
is what drives and influences the ferromagnetism in the 
material.

“With the unique parameters of the X-ray beam generated 
by the European XFEL, we now have the possibility to 
explore the dynamics and structures of ultrafast process-
es, such as magnetism”, says Molodtsov. 

Two recent experiments at the SCS instrument made use 
of these unique capabilities to study electron dynamics in 
nickel. 

“Before we can address magnetic dynamics, we need to 
understand how to use the X-ray beam properly and what 
happens if we do not pay attention”, says Martin Beye 
from DESY, who led the first project at SCS [1]. In this 
study, which used an approach called “non-linear X-ray 
absorption spectroscopy”, the intensity of the X-ray beam 
was continuously increased until the scientists managed 
to evaporate the sample in just a single shot. The re-
searchers then continued to increase the intensity even 
beyond that point. With careful analysis and simulations, 
they were able to establish the destruction mechanism 
and understand the effect this had on the measured data. 
“Based on our study, we have formulated a recipe on how 
to properly perform these types of experiments—informa-
tion that has already been used for subsequent studies on 
magnetism”, says Beye.

This information was extremely valuable for Andrea 
Eschenlohr from the University of Duisburg-Essen and her 
collaborators when they set out to design their experi-
ment, which studied electron dynamics in nickel. 

“A better understanding of how magnetism works in 
different metals could help inform the development of, for 
example, much needed improved data storage solutions 
with increased storage capacity and writing speed”, 
explains Eschenlohr. “Changing magnetism with ultrashort 
laser pulses could be one concept for such future 
devices, but, in order to realize this approach, it is 
necessary to understand exactly how the electrons and 
their spins move after the laser pulse hits the ferromag-
netic material.”

In their experiment, the researchers used a method called 
“time-resolved X-ray absorption spectroscopy” (Figure 1). 
First, a laser was used to initiate a magnetic change in the 
nickel samples, prepared as thin sheets mounted in the 
path of the X-ray beam. Then, the induced changes were 
recorded with the help of a series of extremely fast X-ray 
pulses delivered in quick succession—fast enough that 
the details of the ultrafast processes could be observed. 
The data was recorded using a charge-coupled device 
(CCD) detector (Figure 2), and the resulting series of snap-
shots revealed in detail how the electrons were reorgan-
ized following the initial laser impulse and how the 
electronic structure of the ferromagnetic metal changed 
on these ultrashort time scales [2]. 

The scientists are excited about these first results,  
which were achieved using specialized X-ray optics set 
up at the SCS instrument that enabled them to collect 
data of the high quality needed to recognize such details 
[3]. “By using ultrafast time resolution soft X-ray absorp-
tion spectroscopy, made possible by the unique capabili-
ties of the European XFEL, together with computer 
modelling, we can access details of the electronic 
structure of magnetic materials”, says Tobias Lojewski 
from the University of Duisburg-Essen, the Ph.D. student 
who performed the data analysis. 

The scientists are now working towards refining the setup 
and approach for future experiments. 
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Figure 2: Raw experimental data observed through nickel 
sheets as seen by the CCD detector in X-ray absorption  
spectroscopy

Figure 1: X-ray absorption spectroscopy at the SCS instrument 
uses a special zone plate, which generates two adjacent beam 
foci for transmission through the sample and a reference mem-
brane before the beams impinge on the CCD detector.
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The installation of a new instrument, called the Soft 
X-Ray Port (SXP), at the European XFEL was complet-
ed in 2022, raising the number of instruments using 
soft X-rays to three and the total number of instru-
ments to seven. Commissioning of SXP has begun, 
and first users will arrive in summer 2023. The instru-
ment allows users to bring their own experiment 
setups and is expected to help researchers under-
stand the fundamental science relevant to numerous 
fields, from materials science to climate change.

In 2022, a third instrument on the SASE3 beamline  
was successfully installed, including completion of the 
technical infrastructure and beginning of the instrument’s 
commissioning. Despite setbacks caused by the  
COVID-19 pandemic, the SXP instrument (Figure 1)  
was completed with only a few months delay and  
within budget. 

“This was a huge undertaking, involving many groups 
across European XFEL and beyond”, says Gerd Wellen-
reuther, head of the Project Management Office. “We look 
forward to completing commissioning and performing first 
user experiments”, adds SXP group leader Manuel 
Izquierdo. 

SXP is one of three instruments using soft X-rays  
with wavelengths of 0.4–4.7 nm, about 100 times shorter 
than the wavelengths of visible light. SXP provides the 
flexibility to accommodate different experimental  
instrumentation by allowing users to bring their own 
experiment stations. This offers the opportunity to try  
out new experimental techniques beyond the portfolio 
currently available at the European XFEL’s other two soft 
X-ray instruments, SCS and SQS. Likewise, SXP can be 
used as a test bed for new, emerging techniques. Basic 
research at SXP will help address grand challenges. For 
example, studies of catalysts, new batteries, and 
light-harvesting materials can contribute to developing 
environmentally friendly energy production pathways. 

The first new class of experiments performed at SXP 
involves time-resolved X-ray photoelectron spectroscopy 
(TR-XPES) on solids. An international community of 
scientists working on TR-XPES came together to form the 
TR-XPES User Consortium, involving DESY and the 
universities of Hamburg and Mainz and currently led by 
Kiel University. This consortium has contributed to the 
SXP project. 

Construction of SXP’s hutches and infrastructure began in 
2020 and was completed in 2022. Six development 
projects were defined to ensure timely and coordinated 
implementation. Each of the six projects focused on a  
distinct element of the installation, such as the beamline 
components, the vacuum system, the laser system, and, 
as a first experiment station, a photoemission apparatus. 
This involved the entire Data Department, alongside most 
of the Instrumentation Department. 

At the beginning of August 2022, the first X-ray beam was 
delivered to the SXP experiment hutch (Figure 2), and 
radiation protection tests could be performed. Radiation 
protection personnel interlock and safety equipment 
protection systems were installed by the radiation 
protection teams from both European XFEL and DESY. 
The X-ray beam was then transported sequentially to the 

beamline’s permanent components: an alignment laser,  
a pulse arrival monitor, and a laser in-coupling unit, all 
held in a dedicated vacuum system. 

“The X-ray beam entering the instrument for the first time 
was an important milestone”, says Izquierdo. “It required 
the collaboration of many groups. One of the most 
significant aspects of the project involved the Data 
Department, which had to connect and bring to life all 
parts of the instrument within the European XFEL control 
system.” The Data Department had to link all electronic 
parts of the instrument with a data system, so future 
experiments could be seamlessly controlled. A full 
integration into central control and data management 
systems will be done in April 2023.

Another key part of SXP is the laser system. A pump–
probe laser can be used to excite samples before they are 
studied with the X-ray laser. “With the pump–probe laser, 
we provide a large range of wavelengths from 200 nm to 
10 µm, offering users a great deal of flexibility,” says 
Patrik Grychtol, laser specialist of the SXP group. In 
addition to the pump–probe laser, an independent laser is 
available (Figure 3), providing a pulse duration of 200 fs 
that can be reduced to 45 fs. The team plans to extend 
the available spectrum of photon energies into the 
ultraviolet range in the future. The pump–probe laser will 
be commissioned in March 2023.

The commissioning of the SXP instrument was  
officially started in October 2022. “Planning, construction, 
and commissioning of the SXP instrument are the result  
of many years of joint effort by European XFEL and several 
research groups of the TR-XPES User Consortium”, says 
European XFEL Scientific Director  

Serguei Molodtsov. “We look forward to welcoming the 
first users in 2023.”

The TR-XPS setup at the SXP instrument provided by the 
TR-XPS User Consortium is equipped with a momentum 
microscope photoelectron spectrometer. This spectro
meter was put under vacuum just before the end of 2022. 
User experiments involving TR-XPS, due to start in 2023, 
will provide an advanced understanding of the electronic, 
magnetic, chemical, and atomic structure properties of 
solid materials, thanks to the femtosecond time resolution 
of SXP.

“The new instrument will help us to address grand 
challenges targeted by European XFEL, such as investi-
gating new environmentally friendly energy pathways or 
better understanding the atmospheric processes that 
influence climate change”, concludes Izquierdo. 

This project has been enabled by the contributions  
of the following groups:

Controls, Data Analysis, Detectors, Electronic & Electrical 
Engineering, Hall Crew, IT & Data Management, Lasers, 
Mechanical Engineering, Procurement, Project Manage-
ment Office, Safety and Radiation Protection (European 
XFEL and DESY), SXP, Technical Services, Vacuum, X-Ray 
Operations, X-Ray Optics, X-Ray Photon Diagnostics 

External contributors
TR-XPS User Consortium, Kiel University, Universität 
Hamburg, Johannes Gutenberg University Mainz, DESY

New instrument expands European XFEL 
experiment portfolio.

INSTALLATION OF SOFT X-RAY 
PORT COMPLETE
INSTALLATION OF SOFT X-RAY 
PORT COMPLETE

Figure 1: SXP instrument setup after official commissioning

Figure 2: The SXP instrument and its per-
manent beamline components, including an 
inset showing the monochromatic X-ray beam 
at the pulse arrival monitor. This corresponds 
to the high photon energy configuration of the 
SASE3 beam transport system. (ALAS: align-
ment laser, KBS: Kirkpatrick–Baez focusing 
system, PAM: pulse arrival monitor, LIN: laser 
in-coupling, IBS: instrument beam stop)

Figure 3: Left: Typical laser spectra before 
and after passing a Herriott multipass cell. 
Right: Autocorrelation measurements of 
the original and compressed laser pulses 
showing a reduction in pulse lengths from 
300 fs to about 30 fs.
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Figure 2: 

First shock generated with the 
DiPOLE-100X laser in HED Inter-
action Chamber 2, registered with 
the VISAR system

Figure 1:

View of the DiPOLE-100 X,  
a kilowatt-level, diode-pumped, 
solid-state laser 
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A new laser system that will be used to generate high 
energy density states in matter went into operation at 
the HED instrument in 2022. The DiPOLE-100X laser 
system is an in-kind contribution from the HiBEF User 
Consortium. It can deliver infrared laser pulses of 
arbitrary temporal shapes from 500 ps to 20 ns with 
pulse energies up to 100 J at a wavelength of 1030 nm 
and repetition rates up to 10 Hz. With its pulse- 
shaping capabilities, the DiPOLE-100X can be used 
to achieve a wide range of pressure–temperature 
conditions to enable studies of planetary interiors.

The high-repetition-rate, high-energy DiPOLE 100-X laser 
was developed exclusively for the European XFEL at the 
Science and Technology Facilities Council (STFC) Central 
Laser Facility in the UK as an in-kind contribution by 
STFC, UK Research and Innovation (UKRI), the University 
of Oxford, and the Engineering and Physical Sciences 
Research Council (EPSRC) within the HiBEF User 
Consortium. By June 2022, the laser had been recon-
structed in its new home and commissioned to the 
desired energy output.

“We are very excited to see the DiPOLE laser now 
installed at the European XFEL”, says Ulf Zastrau, leading 
scientist at the HED instrument. “In combination with 
other beamline components, it will be used to generate 
extreme temperatures and pressures similar to the interior 
of far-off planets, enabling us to do diffraction and 
spectroscopy experiments to help us better understand 
the geology of these exoplanets.”

With the DiPOLE-100X laser, scientists will be able to 
create temperatures of up to 20 000°C and pressures of 
up to 3 000 t/cm². The atomic structure and dynamics of 

The DiPOLE-100X laser system is 
ready for user experiments at the  
HED instrument in 2023.

NEW LASER FOR CREATING 
MATTER WITH HIGH ENERGY 
DENSITY NOW ONLINE

NEW LASER FOR CREATING 
MATTER WITH HIGH ENERGY 
DENSITY NOW ONLINE

these extreme states of materials can then be studied 
using the ultrabright and intense X-ray pulses produced 
by the European XFEL. 

The unique laser is extremely versatile, producing infrared 
pulses of arbitrary shapes from 500 ps to 20 ns with pulse 
energies up to 100 J at a wavelength of 1030 nm and 
repetition rates up to 10 Hz. The pulse-shaping capabili-
ties of the DiPOLE-100X make it possible to achieve 
various pressure–temperature conditions in materials 
using techniques such as single shocks, multiple shocks, 
ramp compression, or any combination thereof. “With this 
setup, we will be able to study processes such as phase 
transition dynamics, plastic deformation, spallation, or 
high-speed plasma flows”, explains Zastrau.

The DiPOLE-100X is used to irradiate samples in HED 
Interaction Chamber 2, a target chamber for X-ray 
diffraction. Other important developments in 2022 
included the installation of the beam transport system 
from the laser hutch to the interaction chamber; this was 
achieved in summer 2022, along with the recommission-
ing of the DiPOLE-100X laser system. The beam transport 
also comprised a laser frequency doubling system that 
converts infrared light (1030 nm wavelength) to green light 
(515 nm), which is advantageous for laser–matter interac-
tion. The first frequency-doubled light was generated in 
September 2022.

For the characterization of laser-compressed matter, a 
velocity interferometer system for any reflector (VISAR) 
diagnostic system was developed. “The VISAR provides 
us with comprehensive information about the sample con-
ditions, which is vital for our experiments”, says Zastrau. 
The VISAR also requires a low-energy probe laser. As no 

system with the specifications required for the European 
XFEL was available on the market, the laser was devel-
oped in-house, together with Laboratoire pour l’Utilisation 
des Lasers Intenses (LULI) in France. The installation  
of the VISAR system started in spring 2021 and was 
completed at the end of the year. The VISAR laser can 
measure velocities of reflecting surfaces ranging from less 
than 100 m/s to more than 50 km/s with a temporal 
resolution better than 50 ps. The three VISAR arms enable 
a wide range of detectable velocities in a single experi-
ment and reflectivity at two different wavelengths. 

Together, the DiPOLE-100X laser and the VISAR make up 
a platform for direct laser compression experiments. At 
the end of 2022, the complete platform was tested by 
irradiating aluminium with a laser energy of 30 J at a 
frequency-doubled wavelength of 515 nm. The resulting 
shock breakout was detected successfully with the VISAR 
system (Figure 1). 

“This experiment represented the final test of the com-
plete system”, explains Zastrau. “We demonstrated the 
performance of all the subcomponents—laser, beam 
transport, and VISAR systems—and are now looking 
forward to using the platform for the first user experi-
ments with X-rays.”

A community experiment with over 80 contributors is 
scheduled for May 2023. Its aim will be first to jointly check 
the setup with reference systems and then to study phase 
transitions, elastic properties, melting, and liquid structure 
of iron, iron–silicon alloys, and carbon polymorphs. The ex
periment will use an X-ray diffraction approach with high 
laser energies and unprecedented repetition rate and cover 
a unique range of experimental conditions. 

This contribution was enabled by the work of the  
HED and HIBEF groups at European XFEL and the 
STFC team.



First X-ray FEL beam at the  

SXP instrument
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27 January
Young Scientist Award for Camila Bacellar

Camila Bacellar was honoured with the European XFEL Young 
Scientist Award for her research on heme proteins using 
femtosecond X-ray spectroscopy at the FXE instrument. Bacellar 
is a beamline scientist at the SwissFEL at PSI in Switzerland.

3 Mar�h  
Australia awards CSIRO Alumni Scholarship

Trey Guest, a Ph.D. candidate at the La Trobe Institute for 
Molecular Science (LIMS), was awarded the 2022 CSIRO Alumni 
Scholarship in Physics for research at the European XFEL. As 
Australia’s national science agency, CSIRO awards the physics 
scholarship to help connect the country’s brightest young 
physicists and mathematicians to leading research centres 
around the world. 

24 January
Felix Büttner wins Walter Schottky Prize

The Walter Schottky Prize of the German Physical Society (DPG) 
honours outstanding work by young physicists in solid-state 
research. The 2022 award went to physicist Felix Büttner from 
Helmholtz-Zentrum Berlin for his insights into magnetic 
skyrmions, which he developed at the European XFEL.

16 February 
3D printing enables customised sample 
delivery

A prerequisite for experiments at the European XFEL is the 
precise delivery of samples into the X-ray beam, tailored to  
the corresponding experiment. The Sample Environment and 
Characterization (SEC) group developed various devices for 
liquid sample injection that can be produced in large numbers  
by means of 3D printing.

Journal of Synchrotron Radiation 
(doi:10.1107/S1600577521013370)

26 January 
Users’ Meeting with scientists from more 
than 40 countries

In 2022, for the second time in a row, the European XFEL Users’ 
Meeting was held as a virtual meeting. It took place in parallel 
with the DESY Photon Science Users’ Meeting, with over 
2000 scientists from 40 countries attending the event.

21 February 
Molecule snapshot by explosion

Exploding a molecule to take its picture? A research team led by 
European XFEL and CFEL used the X-ray flashes generated by 
the European XFEL to take snapshots of gas-phase iodopyridine 
molecules at atomic resolution. The X-ray laser caused the 
molecules to explode, and the image was reconstructed from the 
pieces. The results are an important step towards recording 
molecular movies.

Nature Physics (doi:10.1038/s41567-022-01507-0)

13 February
Racing against one of the fastest atomic 
processes 

Auger–Meitner decay is one of the fastest relaxation processes 
involving X-rays, occurring within a few millionths of a billionth  
of a second. A team of scientists led by the University of 
Connecticut, USA, and CFEL in Hamburg discovered a new 
process at the European XFEL’s SQS instrument that is at least 
as fast as Auger–Meitner decay. The research demonstrates how 
X-ray FELs can be used to measure ultrafast processes.

Physical Review Letters (doi:10.1103/PhysRevLett.127.213202)

24 Mar�h
Statement on the war in Ukraine published 

Management and staff of European XFEL published a statement 
on the War in Ukraine, endorsed by the shareholders representing 
Denmark, France, Germany, Hungary, Italy, Poland, Slovakia, 
Spain, Sweden, Switzerland, and the United Kingdom.

Felix Büttner, Helmholtz-Zentrum Berlin

European XFEL scientist Mohammad 

Vakili testing a nozzle 

FXE instrument at the European XFEL

The fragmentation 

pattern (left) enables 

scientists to infer 

detailed information 

on single molecules 

(right).

Camila Bacellar, European XFEL

Trey Guest, La Trobe University, Australia

Atomic-like Quantum Systems (AQS) experiment station at 

the SQS instrument, which was used for the experiment

European XFEL staff members hold a moment of silence 

to remember the innocent victims of the war and express 

their solidarity with the people of Ukraine. 
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22 June 
European XFEL support for Ukrainian 
refugees

European XFEL and its staff organized support for people 
seeking refuge from the war in Ukraine. The European XFEL 
guest house opened its doors to refugees in early March and 
accommodated Ukrainian adults and children. European XFEL 
employees also set up an onsite collection point for donations 
to the Hamburg charity group Hanseatic Help.

25 Mar�h  
Topping-out ceremony for new  
office building

European XFEL held a topping-out ceremony for a new office 
complex on its research campus in Schenefeld. The building 
provides workspaces for 184 employees in 56 offices totalling 
around 3000 square metres. Construction started at the 
beginning of August 2021. The costs of the office complex will 
amount to around 8.2 million euro.

4 July 
Federico Boscherini new Chair of European 
XFEL Council

Federico Boscherini, Professor of Physics at the University of 
Bologna in Italy, took over as the new Chair of the European 
XFEL Council. With many years of experience in research with 
X-rays, Boscherini has been an advisor to the Council since 
2018. James Naismith, Professor of Structural Biology at the 
University of Oxford, UK, became the new Vice Chair of the 
Council. 

11 April
Record time resolution

In an experiment at the European XFEL’s SQS instrument, a team 
from European XFEL and DESY demonstrated a record time 
resolution of around 15 fs—the best resolution reported so far 
in a pump–probe experiment at an X-ray FEL, while keeping a 
high spectral resolution. The results enable the observation of 
ultrafast processes in materials that were not accessible before.

Optica (doi:10.1364/optica.454920)

29 June 
European XFEL signs Charta of Diversity

European XFEL signed the Charta of Diversity, joining over  
4500 German organizations and institutions in pledging to 
create and sustain a workplace valuing all employees regard­
less of their age, ethnic origin and nationality, gender and 
gender identity, physical and mental abilities, religion and world 
view, sexual orientation, or social origin. The Charta of Diversity 
is an employer initiative under the current patronage of German 
Chancellor Olaf Scholz to promote diversity in companies and 
institutions. 

28 Mar�h  
Virtual SRI conference attended by over 
1160 participants

The 14th International Conference on Synchrotron Radiation 
Instrumentation (SRI2021) was organized as a virtual meeting 
by DESY and European XFEL in 2022. It was attended remotely 
by more than 1160 scientists from around the world. The SRI 
conference is one of the largest exchange forums in this field, 
where the latest developments in technologies, instrumentation, 
and research are discussed.

26 August
New method to unveil biological processes

A team of scientists involving European XFEL developed a new 
method for tracking the reactions of proteins. Called multi-hit 
serial femtosecond crystallography (SFX), it is particularly useful 
for studying molecules undergoing irreversible processes, 
which cannot be measured using synchrotrons or lab-based 
X-ray sources. The method, which was developed by La Trobe 
University researchers, allows scientists to monitor the reactions 
of proteins as they move, on sub-microsecond time scales. 

Nature Communications (doi:10.1038/s41467-022-32434-6)

°  
21 April
EIC Pathfinder grant awarded to  
Patrik Vagovic

Patrik Vagovic, a scientist from the SPB/SFX instrument at the 
European XFEL and CFEL at DESY, was awarded one of the 
first European Innovation Council (EIC) Pathfinder grants.  
As part of the grant, European XFEL receives 813 750 euro 
across a three-and-a-half-year period. Vagovic is constructing 
an X-ray microscope prototype that will be able to image 
samples from different angles using individual European XFEL 
X-ray pulses, providing insights relevant to the life sciences as 
well as the aeronautics and automobile industries.  

Guest house at European XFEL

European XFEL Managing Director Nicole Elleuche  

at the topping-out ceremony 

Robert Feidenhans’l and Nicole Elleuche  

sign the Charta of Diversity at European XFEL. 

European XFEL Managing Directors Nicole Elleuche 

(left) and Robert Feidenhans’l (right) welcome 

Federico Boscherini (centre left) and James Naismith 

(centre right) to their new roles.

An ultrashort X-ray pulse and  

an optical laser pulse interact 

simultaneously with a neon atom. 

The SPB/SFX instrument is used to investigate 

crystalline and non-crystalline matter. 

Patrik Vagovic 
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28 �e ptemb	r  
European XFEL scientists awarded Young 
Investigator FEL Prize

Two physicists at European XFEL, Jiawei Yan and Svitozar 
Serkez, were awarded the Young Investigator FEL Prize at the 
FEL2022 conference, held in Trieste, Italy. The award honours 
researchers under 35 years of age for achievements in FEL 
science. The two recipients, who are members of the FEL 
Physics group of European XFEL, received the prizes along with 
a third recipient, Zhen Zhang, from SLAC, USA.

2 �e ptemb�r  
First light of a new laser

A new laser developed at the photoinjector test facility at DESY 
in Zeuthen (PITZ) and partly funded by European XFEL 
generated its first light. The new laser is also an FEL, but it 
produces radiation in the terahertz range, with much longer 
wavelengths compared to the European XFEL’s short-wave
length X-rays. Together, the unequal siblings could provide new 
insights into the behaviour of electrons and magnetic fields  
in matter.

Proc. SPIE 8778, Advances in X-ray Free-Electron Lasers II: 
Instrumentation (doi:10.1117/12.2017014)

14 Octob�r
Science@FELS 2022 held at European XFEL

The Science@FELs 2022 conference was held at DESY and 
European XFEL in September with more than 100 participants 
from 12 countries in attendance. The conference, which is 
organized every two years by the FELs OF EUROPE collabo­
ration, has evolved into one of the most important international 
meetings in FEL science. This year also marked the 10th 
anniversary of FELs OF EUROPE. At the conference, the 2022 
FEL Science and Applications prize was awarded to Praveen 
Maroju from the University of Freiburg, Germany. 

23 �e ptemb	r  
Probing proteins in cell-like environments

A research team identified a new way of probing protein 
dynamics using the high repetition rate and coherence of the 
X-ray flashes produced by the European XFEL. The study, 
which relied on a technique called megahertz X-ray photon 
correlation spectroscopy (MHz-XPCS), could open new 
applications in health and pharmaceuticals. It was led by 
Stockholm University in Sweden, the University of Tübingen, 
the University of Siegen, and European XFEL in Germany and 
used the MID instrument to examine antibody protein solutions. 

Nature Communications (doi:10.1038/s41467-022-33154-7)

16 �e ptemb	r
Guided tours re-open to hundreds of 
visitors

European XFEL welcomed groups of visitors for guided tours 
on its research campus again starting in March 2022, after 
being closed to onsite visitors during the COVID-19 pandemic. 
Around 600 visitors took part in 40 guided tours of the facility 
between March and September. They included university 
students, high school classes, scientists, and representatives 
from politics and business. 

19 Octob�r  
Industry collaboration reveals insights on 
drug targets

European XFEL conducted a pilot collaborative experiment  
with the international biopharmaceutical company Sosei 
Heptares. The experiment demonstrated a powerful approach 
to determining 3D structures of biomolecules with atomic 
resolution. The collaboration used the European XFEL’s SPB/SFX 
instrument to investigate G protein-coupled receptor (GPCR) 
crystals (or StaR protein crystals) generated by Sosei Heptares. 
GPCRs are an important class of therapeutic drug targets, with 
around 30% of current marketed drugs targeting them. 

26 �e ptemb	r  
Atom–photon process studied  
with extreme ultraviolet light

A collaboration involving European XFEL observed a 
phenomenon known as Rabi oscillations using extreme  
ultraviolet (XUV) light for the first time. Rabi oscillations— 
a quantum-mechanical process that occurs when intense  
light interacts with matter—underpin many applications in 
photonics and nanoelectronics. The results were part of a  
study led by Institut Lumière Matière, CNRS, in Lyon, France, 
that used the XUV pulses from the FERMI FEL in Trieste, Italy. 

Nature (doi:10.1038/s41586-022-04948-y)

Zhirong Huang (left) from SLAC, Chair of the prize 

committee, and prize recipient Jiawei Yan (right)

Zhirong Huang (left) and prize recipient Svitozar 

Serkez (right)

PITZ facility at DESY with the new terahertz FEL 

Participants of the DESY Summer Student 

Programme 2022 at European XFEL 

Praveen Maroju being 

awarded the FEL Science 

and Applications prize by 

European XFEL Scientific 

Director Serguei Molodtsov, 

Chair of the Management 

Board of the FELs OF 

EUROPE Steering Committee
Artist’s impression of the MHz-XPCS technique being used to 

measure the dynamics of proteins in dense solutions

European XFEL scientist Yoonhee Kim at 

the SPB/SFX instrument

Michael Meyer, co-author of the study, at the 

European XFEL’s SQS instrument 
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23 No�emb�r
Successful call for water research

Water, a key to life on our planet, plays a central role in human 
cells, clouds in the atmosphere, water-based catalysts in 
industry, and many other important systems. In early 2022, 
European XFEL, together with DESY’s Centre for Molecular 
Water Science (CMWS), launched a call for expressions of 
interest in water research with the goal of combining the unique 
X-ray infrastructure with international expertise in water-based 
science. A total of 25 proposals were submitted, with all six 
European XFEL instruments receiving requests for beamtime. 
Eight of these proposals were accepted for the first half of 
2023.

20 Octob�r  
First light at the new SXP instrument

The new Soft X-Ray Port (SXP) instrument at the European 
XFEL achieved its first X-ray light. SXP is designed to allow 
users to bring their own experiment setups and implement new 
techniques using the European XFEL beam. The third European 
XFEL instrument using soft X rays, it brings the total number of 
instruments at the facility up to seven.

26 Octob�r
SIGN: A new network for Italian scientists 
in Germany

Scientists from European XFEL and DESY partnered with 
colleagues across Germany to form a new national network for 
Italian scientists, Scienziati Italiani in Germania Network (SIGN). 
The first network of its kind for Italian scientists working in 
Germany, it aims to support research and provide opportunities 
for knowledge transfer and professional networking. As one of 
the co-founders of the network, European XFEL Scientific 
Director Sakura Pascarelli signed its founding charter in Berlin 
in October. 

8 De�emb�r 
New simulations enable faster biological 
insights

Single-particle X-ray diffraction imaging (SPI) is a technique 
used at the SPB/SFX instrument to study biological molecules 
in their native environments. By accurately simulating the  
SPB/SFX detector, researchers determined a route that could 
result in increased data collection efficiency and improved 
resolution of the images taken through SPI, enabling new 
insights into the structure and evolution of biological molecules. 

Structural Dynamics (doi:10.1063/4.0000169)25 Octob�r  
European XFEL celebrates five years of 
user operation

European XFEL celebrated its fifth anniversary of user operation 
and launched the commissioning of its new SXP instrument in 
the presence of State Secretary Judith Pirscher from the 
German Federal Ministry of Education and Research (BMBF), 
Senator Katharina Fegebank from the Hamburg Authority  
for Science, Research, Equality and Districts, and around  
150 guests and staff members.

11 No�emb�r
Celebration for Hamburg Prize for  
Theoretical Physics winner

European XFEL hosted a celebration for Nicola Spaldin, winner 
of the 2022 Hamburg Prize for Theoretical Physics sponsored 
by the Joachim Herz Foundation. Spaldin is a materials 
scientist and lecturer at ETH Zurich in Switzerland who is 
renowned for her theoretical prediction and later development 
of a new class of materials called multiferroics, which are also 
studied at European XFEL. 

Celebrating SXP’s first light in the experiment hutch 

Simulations of the structure of biological molecules for different 

numbers of image snapshots (panels on the left) compared with the 

“perfect” image (right)

Right: Hamburg Senator Katharina Fegebank and  

BMBF State Secretary Judith Pirscher start the 

commissioning of the SXP instrument.

Left: Wim Leemans (DESY) and Nicole Elleuche and  

Robert Feidenhans’l (both European XFEL) look on.

Co-signatories at the official inauguration ceremony for SIGN 

Nicola Spaldin (third person from left in the first row)  

during a visit to European XFEL.
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Figure 1:

BMBF State Secretary Judith Pirscher addresses the 
audience during the celebration.

FIVE YEARS OF 
USER OPERATION 
AT EUROPEAN XFEL

FIVE YEARS OF 
USER OPERATION 
AT EUROPEAN XFEL

In late September 2017, the first users arrived on the 
European XFEL Schenefeld campus. The first two 
instruments were available for use: FXE and SPB/SFX. 
But there was no BeamStop restaurant, no guest house, 
and, importantly, no onsite bee-keeping facilities (and, so, 
no BeeTime honey).

In the last five years, the company has developed rapidly. 
From the outset, the European XFEL was the most 
technologically advanced X-ray laser worldwide, with 
users from across the world taking advantage of the 
unique research opportunities. But the company now also 
has its own Ph.D. programme, currently with 45 students 
and over 450 hosted since operation began.

At the same time, European XFEL has expanded its 
technical and instrumental offerings. The facility now 
hosts six scientific instruments for users—including FXE, 
HED, MID, SCS, SPB/SFX, and SQS—with a seventh, 
SXP, whose commissioning began in 2022. Since opera-
tion started, the facility has received over 1060 research 

proposals, delivered over 16 300 hours of beamtime  
to over 4000 researchers, and produced 60 million 
terabytes of experiment data. Its performance has also 
grown annually from 1356 hours of beamtime in 2018  
to 8000 hours in 2022, when it enabled over 100 user 
experiments.

The scientific instruments contribute to the facility’s 
mission to address global challenges in climate and 
energy, digitalization, environment and sustainability,  
and health research. For example, European XFEL 
scientists are helping to develop a better understanding  
of the structural biology of antibiotic-resistant bacteria, 
potentially enabling pharmaceutical companies to 
produce more effective antibiotics. They are also con-
ducting experiments on magnetic samples, uncovering 
new insights into data storage and stability. Some of 
European XFEL’s research even takes us to distant gas 
giant planets, allowing scientists to probe the behaviour 
of matter under extreme conditions using specialized 
diamond-based chambers. European XFEL and DESY 

staff members also work continuously to further improve 
the quality of the X-ray beam and the performance of the 
instruments.

“We have grown rapidly both in terms of our capacity and 
in terms of our experimental capabilities in the last five 
years”, says European XFEL Managing Director Robert 
Feidenhans’l. “We have been able to bring together more 
and more users to European XFEL, forming collaborations 
that allow us to target some of the biggest challenges we 
face in society, from health to the environment. We want 
to continue this successful development throughout the 
coming years.”

“In a unique piece of teamwork of accelerator staff at 
DESY, beamline scientists at European XFEL, and users 
from around the globe—in combination with a robust 
technical design that was developed over almost  
20 years—we were able to establish European XFEL very 
quickly as the world-leading X-ray FEL facility with an 
impressive scientific output”, says Wim Leemans,  

Director of the Accelerator Division at DESY. “And we are 
far from the end in pushing the limits of this promising 
machine.”

The facility and campus are also continuing to develop. 
The company built and opened its own restaurant, 
BeamStop, in 2019 and a guest house for visitors to 
campus in 2020. Since its opening, BeamStop has sold 
around 60 000 meals and around 47 000 cups of coffee. 
And the campus is continuing to grow, with a new office 
building due to open in 2023 and a new visitor and 
conference centre, Lighthouse, under construction for 
2024.

A celebration to remember
On 25 October 2022, European XFEL celebrated its first 
five years of successful operation with State Secretary 
Judith Pirscher from the German Federal Ministry of 
Education and Research (BMBF) and Senator Katharina 
Fegebank from the Hamburg Authority for Science, 
Research, Equality and Districts, as well as around  
150 guests and staff members (Figures 1 and 2). 
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Figure 2:
Ulf Zastrau, leading scientist  
at the HED instrument, playing the 
harpsichord at the event

Figure    3:    

Right: Hamburg Senator Katharina Fegebank and BMBF State 
Secretary Judith Pirscher start the commissioning of the SXP 
instrument.

Left: Wim Leemans (DESY), Nicole Elleuche and Robert Feiden-
hans’l (both European XFEL)

State Secretary Pirscher said: “The European XFEL is a 
great success. The 850 million euro provided for its 
construction by the BMBF so far is a solid investment. 
With this, we are strengthening not only basic research 
but also the technological sovereignty of both Germany 
and Europe.”

Three users engaged in an onsite panel discussion about 
their experiments and the reasons they enjoyed working 
at European XFEL.

The event was also the kick-off for the commissioning  
of the new SXP instrument (Figure 3). SXP is the third 
European XFEL instrument using soft X-rays, which have 
wavelengths between 0.4 and 4.7 nm, about one hundred 
times shorter than those of visible light. The SXP instru-
ment will allow users to bring and temporarily establish 
their own experiment setups and to implement new 
techniques using the European XFEL beam. For more 
information on SXP, see the Technical Highlight  
on page 24.

Coming together as a community

In the five years since user operation began, the  
European XFEL community has had to deal with  
numerous challenges, the war in Ukraine and the  
COVID-19 pandemic being just two. But the collaboration 
and trust of the users, partners, staff members, and the 
entire European XFEL community has been one of the 
great strengths of the company. 

After having reached the milestone of five years of 
operation, the facility will continue to grow. Entering a 
phase of “harvesting”—in other words reaping the 
rewards of many years of ramping up operation—Europe-
an XFEL will produce increasing and exciting experiment 
results and continue to further develop instrumentation 
and capabilities, enabling even more users to benefit from 
the unique facility. The company will also sharpen the 
strategic focus towards science that addresses society’s 
biggest challenges: from climate and energy, to digitaliza-
tion, to environment and sustainability, to health.



TotalUsersUkrainian residents 
(25 adults, 5 kids)

Average length 
of stay

6144 
nights

3263
nights

1605
nights

7.1
nights
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Electron and  
X-ray beams

Number of electron  
bunches per second

27 000

Diameter of the electron
beam (comparable to the 
diameter of a human hair)

ca. 50 μm

Time of flight of an electron 
from the injector to the dump 
(1/100 000 s)

10 μs

Number of SASE 
undulators running 
in parallel

3

Highest X-ray FEL 
beam power 
averaged over a 
second

32.9 W

Highest number of X-ray 
flashes per second

21 000

Smallest focus of  
the X-ray beam

11 nm

Minimum wavelength of
the X-ray flashes (30 keV)

0.04 nm

Data

PB raw data collected

27.6

Cumulative time  
used for data 
analysis on the 
computing cluster

1.77  
million 
hours

Guest house

Active Zoom users

528

Meetings

62 907
Webinars

25
Meeting hours

131 064

Zoom video
conferencing

Protective 
COVID-19 
measures

FFP2 masks
ordered

22 004
Surgery masks 
ordered

7200
Antigen test  
kits used

26 000

FACTSHEETFACTSHEET

Sold meals

34 004

Used fruits and 
vegetables

5781 kg

Sold Franzbrötchen

3364

Consumed coffee

4514 l =
23 756 cups

Free apples and pears for staff 

1.25 t =
1250 kg =
6000 pieces

Food and 
drinks

Individual users
(on site and remote)

1191

Users on site

637

Ph.D. students  
among users

292

User experiments

95

Hours of X-ray 
delivery to users

8080

Users
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Inside Interaction Chamber 1  

at the HED instrument 



�� Annual Report 2022Operations 4948 Operations

OPERATIONSOPERATIONS

In many ways, 2022 was the first year of full operation 
of the European XFEL, following the buildup phase of 
the facility, on the one hand, and the constraints 
imposed by the COVID-19 pandemic, on the other.  
The year was marked by a huge increase in both the 
time delivered to the user programme and the number 
of user experiments. Operation was very reliable 
overall, with the exception of a few interruptions in 
early summer.

The performance of the European XFEL accelerator 
complex has matured greatly over the years. In 2022, the 
accelerator delivered electrons at energies ranging from 
8.0 to 16.5 GeV, serving the ever-varying operational 
needs of the facility. The accelerator complex—consisting 

of an injector, a 17.5 GeV superconducting linear acceler-
ator, an electron beam distribution system, and a beam 
transport system through the three SASE undulators to 
the beam dumps—was operated for nearly 7300 h 
(Figures 1 and 2).

Of these 7300 h, around 4400 were allocated to X-ray 
delivery, enabling operation of the scientific instruments 
with X-ray beam. Another 2250 h were used to set up and 
tune the accelerator and the undulators to meet standard 
operation parameters and specific experiment require-
ments. Alongside the two annual maintenance periods, 
this relatively large number of hours arises from the 
complexity of the accelerator and its subsystems as well 
as from the many different modes in which the accelerator 

and the undulators are operated to serve the needs of the 
users. A little less than 9% of annual operation hours was 
dedicated to further facility development, which covered 
activities in many different areas of the accelerator, FEL, 
and photon systems (Figure 3).

The overall availability of the facility was excellent—92.8% 
averaged over all the undulators—but slightly below the 
target of 95%. The main reason was failures of bearings in 
the cold compressors of the cryogenic plant, leading to 
several interruptions of operations in May, June, and July. 
Tests of new magnetic bearings to resolve this long- 
standing issue began at the end of 2022. Interruptions 
were also caused by trips of the radio frequency (RF) 
electron source (gun) in the injector related to a lifetime 
issue of the RF window. The window was exchanged  
in the summer maintenance period, thus eliminating 
the problem.

Several improvements, extensions, and European XFEL 
“firsts” were realized in 2022. For example, a new record 
for the electron beam power of 120 kW was achieved. 
The range of X-ray photon energies (or wavelengths) 
delivered to the scientific instruments was also extended 
to a factor of about 100, reaching from 260 eV (around  
4.7 nm) to 30 keV (around 0.4 nm). X-rays with the lowest 
energies of 260 eV were generated by operating the 

accelerator at 8 GeV electron beam energy using the 
SASE3 undulator, while the highest X-ray energies of  
30 keV were produced when operating at 16.5 GeV 
electron beam energy using SASE2.

During X-ray delivery for user experiments,  
the accelerator and the undulators were increasingly 
run in non-standard operation modes, which were 
introduced and tested before being made available for 
user operation. While these special modes generally 
require more time for setup and retuning, and perfor-
mance is less predictable, good progress has been made 
using them. For example, hard X-ray self-seeding at 
SASE2 and the generation of two different wavelengths 
(two-colour mode) at SASE2 and SASE3 are special 
modes that can now nearly be considered standard. 

The user requirement for extremely short X-ray pulse 
durations—of a few femtoseconds or even less than one 
femtosecond—has driven many development activities 
and will continue to be a research topic in the coming 
years. In 2022, the accelerator and the SASE3 undulator 
were run in a special mode providing ultrashort pulse 
durations. Using this mode, X-ray pulses with durations 
below 1 fs were measured in an experiment at the SQS 
instrument (see Facility Development on page 58 and 
refer to the SQS highlight on page 15).

Figure 3:  
Distribution of development time in hours. The sum of development hours scheduled for various facility development activities exceeds 
the hours for development indicated in Figure 1, reflecting the parallel use of the facility for multiple activities.

Up

Tuning 4.3%

Down 7.1%

0% 20% 40% 60% 80% 100%

88.5%

Scheduled downtime

Development

Setup, tuning

X-ray delivery

1472 h

2248 h

4392 h

648 h

Figure 1: 
Distribution of yearly operation hours of the European XFEL 
accelerator in four categories 

Figure 2: 
Availability of the accelerator during X-ray delivery in percent 

Safety systems 31 h

Accelerator systems 96 h

Photon systems 382 h

Operation improvement 52.5 h

FEL improvement 148 h

FEL R&D 345 h

Total 1054.5 h

200 400 600 800 1000 12000
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It remains challenging to offer standard and special mode 
operation in parallel at the different undulators, while 
maintaining stable operation to ensure a high stability of 
beam delivery. The very successful introduction of “beam 
regions” within the 600 µs long RF pulse in summer 2022 
allowed the operators to achieve a much higher flexibility 
in setting the RF parameters required for the different 
operation modes, thereby providing a major step towards 
more independent operation of the undulators. Further-
more, additional kicker systems in the injector and 
improved operation of the fast longitudinal feedback 
system stabilized the time arrival properties of the long 
bunch trains.

On the photon systems side, operations were similarly 
successful. A clear highlight was the ability to increase the 
number of performed user experiments at the three 
beamlines to just under 100. The successful execution of 
experiments at the scientific instruments depends on an 
adequate delivery of the X-ray beam. In the past, and 
continuing into 2022, issues with beam delivery had 
occasionally rendered the X-ray delivery time partially or 
even entirely unusable for the instruments. In 2022, steps 
were taken to quantify the properties of the delivered 
X-rays, with the aim both to better define the expectations 

of the beam transport systems in parallel with operation. 
This room is also the base for the experiment hall crew, 
which supports the operation of the hall and the scientific 
instruments located within it.

An important part of operating the European XFEL is to 
manage the data acquired at the scientific instruments 
and in other parts of the facility. The infrastructure and 
processes dealing with this task for the photon systems 
have become highly mature in recent years. In 2022, 
approximately 30 PB of raw data were accumulated 
(Figure 5). By far the biggest sources of these data were 
the megapixel detectors installed at several of the 
scientific instruments, leading to a non-uniform distribu-
tion of data volumes.

In 2022, 95 individual experiments were allocated across 
the six scientific instruments (Figure 6). This number 
included seven protein crystal screening experiments, 
performed at SPB/SFX. All of these experiments were 
scheduled for beamtime after successful evaluation by 
the corresponding Project Review Panels in fall 2021 and 
spring 2022. A few experiments that could not be 
performed before, due to COVID-19 regulations or 
technical difficulties, have been allocated in 2022..

by users and scientific instrument staff and to identify 
deviations from the expected beam delivery. 

So far, the only available parameter used to quantify beam 
delivery has been the X-ray pulse energy, measured by 
the X-ray gas monitors. This parameter has only limited 
meaning, however, because, when operated in special 
modes, the undulators typically generate less pulse 
energy than maximally possible in favour of other X-ray 
beam properties requested by the scientific programme. 
Other parameters—spatial beam position, X-ray photon 
energy and bandwidth, and X-ray pulse arrival time at the 
instruments—as well as the fluctuation of these parame-
ters with time were therefore identified as necessary for 
quantifying the beam delivery more consistently. 

An activity called Stable Operation Mission was started in 
2022, with the task of establishing continued monitoring 
of the beam delivery parameters and addressing events  
in which strong deviation from the mean values were 
observed. Implementation of these measures is still 
ongoing, with only the pulse energy values being system-
atically retrieved in 2022 (Figure 4). To support the project, 
an experiment hall control room was set up, enabling 
monitoring of the X-ray beam delivery and improvement 

Figure 4:  
Statistics of pulse energies provided by the three undulators SASE1, SASE2, and SASE3 during X-ray delivery in 2022 

Figure 5:  
Increase of raw data stored as a result of European XFEL operation  
in 2022 and distribution over the six scientific instruments

Figure 6:  
Number of user experiments at the six scientific  
instruments in 2022
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Figure 8:  
Distribution of users according to societal challenges as  
identified by European XFEL 

Figure 7: 
Researchers from European XFEL and Uppsala University preparing 		
the new 1D imaging XUV spectrometer at the SQS instrument

Figure 9:  
Distribution of users according to major scientific areas

Figure 10:  
Country of affiliation of the 1191 individual users who participated in experiments in 2022. 
Users of the international facilities European XFEL, EMBL, and ESRF are listed separately.

Earth and Environment

Energy

Health

Key Technologies

Matter

12%

23%

12%
15%

38%

Atoms, molecules, clusters,  
and gas-phase chemistry

Femtochemistry and solid- 
and liquid-state chemistry

Hard condensed matter and 
electronic properties

Hard condensed matter,  
structure, and dynamics

High-field science and 
non-linear X-ray optics

Matter under extreme conditions,  
warm dense matter, and plasmas

Soft condensed 
matter

Structural biology and 
biocrystallography

X-ray scattering, X-ray optics, 
and instrumentation techniques

14%

14%

17%

16%
9%

9%

8%

8%
6%

A total of 8080 h of X-ray delivery beamtime was 
allocated to these 95 experiments, close to an average  
of 85 h per experiment. In some cases, this time included 
the preparation of the instrument for the corresponding 
user experiment. A total of 1191 individual users contrib-
uted to a total of 1944 user visits, including both onsite 
presence and remote access to the facility (Figures 7  
to 10). A large fraction of user visits still occurred through 
remote access, although 637 researchers came for 849 
in-person visits. The average number of users participat-
ing in person per experiment was 9, a fairly high number 
considering the still noticeable impact of COVID-related 
travel and access restrictions. 

European XFEL issued two new calls for proposals for 
experiments to be carried out at the facility in 2023.  
These calls included the possibility to propose regular 
experiments or to make long-term proposals. A topical 
call was also launched, focused on experiments on 
molecular water research. This call was aimed at a wider 
community of scientific groups addressing molecular 

water research, in particular scientists who were not 
experts or frequent users of FEL facilities. It consisted of a 
two-stage proposal process with an initial letter of intent, 
a preliminary review, and a subsequent full proposal as 
part of the first call of 2022. 

The call for long-term proposals was aimed at  
establishing new X-ray techniques or instrumentation  
that will benefit the science programme in the longer  
term. In addition, the possibility for protein crystal  
screening proposals at SPB/SFX was offered in the first 
and second calls of 2022. The overall outcome of the 
 two calls for proposals was very successful, with the call 
for experiments to be performed in the first semester of 
2023 hitting an over-subscription factor of close to 4. 
Very high-ranked molecular water science and long-term 
proposals were allocated at all of the scientific instruments.  
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Celebrating the topping-out  ceremony for a new office complex  on the Schenefeld campus 
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In 2022, there were two major activity areas of  
campus development: the further completion of 
buildings and infrastructure and the review and 
improvement of energy consumption.

Improving the experiment hall

Several actions were taken to improve the installations in 
the experiment hall, XHEXP. The biggest was to begin 
construction of a new compressed-air distribution system, 
consisting of a new compressor room in the adjacent 
ventilation and air conditioning building, XHVAC, and a 
new ring line. This line supplies XHEXP, the scientific 
instruments, and the laser hutches with compressed air  
at a pressure of 15 bar. A new room to host the large 
capacitor bank for the Helmholtz International Beamline 
for Extreme Fields (HiBEF) pulsed-magnet system at the 
HED instrument was built, and the installation of the 
pulser was started. A new control room for the XHEXP hall 
crew and for beam transport system operation was set up 
in XHEXP as well. 

On the laboratory floor of the headquearters building, 
XHQ, the central argon supply was rebuilt, a secondary 
treatment plant for high-purity water was installed, and 
part of the XBI biology laboratories were remodelled.  
In addition, for all buildings on campus, a new building 
management tool was installed, commissioned, and taken 
into operation. This software receives signals from and 
interacts with most technical infrastructure on campus.  
It thus allows technical staff to significantly increase the 
operational stability, while enabling an optimal perfor-
mance of the various technical infrastructure systems.

Expanding the campus

Construction and infrastructure work focused on the 
western part of the Schenefeld campus. Here, the 
construction of the second office building, XHO, pro-
gressed quickly throughout the year. The topping-out 

For XHO and the visitor and conference centre, XHV, the 
technical infrastructure in the western part of the campus 
area had to be expanded. Heating and cooling lines for 
the future buildings were installed, and the site’s fresh- 
water and drainage systems were extended. The electrici-
ty and equivalent network supply were also decisively 
improved by the installation of a new transformer and 
further sub-distribution boards for this area. The earth-
work and the laying of underground lines for XHV began 
toward the end of 2022.

An outdoor activity to improve the campus was to create 
a small garden for flowers and vegetables near the 
company restaurant, BeamStop. This activity is entirely 
driven and supported by European XFEL staff members.

Improving energy consumption

Reviewing and improving energy consumption was also 
an important area of activity in 2022. The Schenefeld 
campus, of all European XFEL installations, accounts for 
around 15% of the facility’s overall energy consumption. 
Part of this fraction is needed for the supply of tunnel 
operation and of the systems in them. Another energy 
resource used on the Schenefeld campus is heat, 
provided by the district heating system. 

Over the past years, optimization of the heating systems 
created a better heat balance. Through optimization, 
stabilization, and energy-saving measures, the heat 

demand was reduced to almost half its original value 
between 2019 and 2022, despite two additional buildings 
in need of supply. The increased German energy-saving 
requirements were quickly implemented thanks to the 
new building management tool. 

In order to increase overall energy sustainability and  
respond to the increase in energy market prices,  
the consumption of the overall facility was reviewed 
during the year. For the Schenefeld campus, a 10% 
reduction in electrical energy consumption was defined as 
a target, and a task force was established in November to 
find and evaluate potential savings in machine parameters 
or in secondary technical infrastructure. However, since 
the facility has been in the buildup phase, while at the 
same time seeing operation restrictions due to the 
COVID-19 pandemic, it is not simple to determine a 
reference value. In many ways, 2022 was the first year of 
full operation and, at the same time, the first year in which 
energy conservation measures were applied. An analysis 
of the years 2021 and 2022 shows an annual electricity 
consumption of approximately 15.5 GWh for the 
Schenefeld campus. 

ceremony for the building was celebrated on 25 March 
and, towards the end of the year, acceptance tests were 
started on most of the building. Through careful planning 
and early procurement of critical construction materials,  
it was possible to complete XHO almost on schedule and 
within the planned costs. Commissioning of the electrical 
infrastructure, however, needed to be delayed until spring 
2023 due to extended delivery times for the sub-distribu-
tion boards for the power supply. This will amount to a 
delay of up to two months compared to the initial timeline. 

CAMPUS 
DEVELOPMENT
CAMPUS 
DEVELOPMENT

Figure 1 : 
Top: HiBEF pulser at HED. Bottom: XHEXP control room

Figure 2: 
Construction begins on the visitor and  
conference centre. 

Figure 3:
European XFEL Managing Director Robert 
Feidenhans’l and spectrometry scientist Naresh 
Kujala began to establish a new garden next to the 
company restaurant. 
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While operation of the facility is the main activity of 
European XFEL, development activities are also 
undertaken to improve the performance of existing 
systems and to enable the use of new working points 
and instrumentation. These development activities 
take place across all areas of the facility, with specific 
improvements made in 2022 to the accelerator, 
undulators, beam transport systems, and scientific 
instruments.

Accelerator, undulators, and X-ray beam transport 
systems

Some of the measures to improve the accelerator, 
undulators, and X-ray beam transport systems immedi-
ately yielded new record performance, for example in 
terms of FEL photon energies, average intensities, or 
X-ray pulse duration. Other activities were aimed at 
long-term goals and served to prepare for new installa-
tions or new operation modes.

A particular activity that combined the efforts of accelera-
tor, FEL, and X-ray system experts was the programme to 
provide extremely short X-ray pulses, with durations from a 
few femtoseconds down to the attosecond range. In 2022, 
specific hardware was not yet installed to support this 
mode of operation. However, several hardware-free 
methods for generating soft and hard X-ray pulses with 
femtosecond to sub-femtosecond duration were investi-
gated. The next step will be to install  
dedicated hardware that allows the best possible control 
of the bunch lasing window below the coherence time 
limit. These efforts are bundled in the Attosecond Pulses 
with Enhanced SASE and Chirp/Taper (ASPECT) project.

In 2022, two methods for X-ray pulse duration control 
were implemented, combined, and customized for use at 
the different undulators. The first method employs two 
stages: the variation of the charge of each electron bunch 
produced by the electron source (gun) in combination 

with optimized compression of the bunch (Figure 1). In the 
first stage, an acousto-optical modulator (AOM) in the gun 
laser makes it possible to generate bunches with variable 
charge along the bunch train. Since the AOM operates at 
4.5 MHz, the system is able to customize the bunch 
charge for each electron bunch dedicated to lase in any of 
the three undulators. In the second stage, the radio 
frequency (RF) system is used to modulate the energy 
“chirp”, or spread, and thus the compression of the 
electron bunches in the train. This stage is limited in terms 
of interoperability of the beamlines due to transition times 
of tens of microseconds, but work to reduce this limitation 
is ongoing. Combining these two stages, the first method 
is simple, allows for individual X-ray pulse duration control 
for each undulator, and was implemented for user 
operation. No interference with the operation of the other 
undulators was experienced, and X-ray pulses with 
single-peak spectra were observed, corresponding to 
ultrashort pulse durations (Figure 2). 

The second method to produce ultrashort X-ray pulses 
employs dispersive settings in the SASE3 FEL undulator. 
The low photon energies at SASE3 allow for lasing with 
relaxed electron beam characteristics compared to 
SASE1 and SASE2, and, at around 1 keV, lasing can be 
supported by electron beams with higher peak currents 
than in the nominal case. These peak currents are 
obtained by more aggressive than usual compression 
settings, resulting in complex longitudinal phase space 
properties. When dispersion is added in the undulator,  
a situation can be created in which only a thin slice of the 
electron bunch travels on a straight trajectory through the 
FEL, thus contributing to lasing. As a result, ultrashort 
X-ray pulses with relatively high pulse energy are pro-
duced (Figure 3). A dedicated measurement campaign 
based on angular streaking has confirmed pulse durations 
of approximately 700 as.

Figure 1: 
Schematic layout of the European XFEL with its electron bunch trains feeding 
the three FEL undulator lines. The laser AOM absorber located close to the 
electron gun makes it possible to arbitrarily shape the charge profile of the 
electron bunches. The modulated RF flat-top pulse allows for individual bunch 
compression along the train. 

Figure 2: 
Selected X-ray spectra for nominal (250 pC, blue) 
and low-charge (20 pC, red) electron bunches with 
optimized electron bunch compression settings Figure 3: 

Top: Ten consecutive measurements of nearly single-spike X-ray 
spectra at an averaged pulse energy of 600 µJ (June 2022).
Bottom: Simulation of the spectrum of an ultrashort X-ray pulse 
produced by over-compression and dispersive settings.  
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In recent months, many groups have been working 
intensively on ways to reduce energy consumption.  
The RF system of the accelerator is now being operated 
in a more adapted and thus more economical way, and 
other infrastructure is also being optimized for more 
efficient usage. On average, it should be possible to save 
5–10% of the roughly 12 MW of electrical power used 
when the European XFEL facility is operated at full energy.

To improve the online diagnostic capabilities for the  
hard X-ray beam transport systems, a hard X-ray photo-
electron spectrometer (hXPES) was installed and  
commissioned in the SASE1 beamline. The device 
provides single-shot non-invasive spectral diagnostics  
in the range of 4–20 keV with 10 eV resolution and thus 
complements the crystal-based, partially invasive, 
high-resolution hard X-ray single-shot (HiREX) 
spectrometer. The hXPES has several detectors that 
record time-of-flight spectra of photoelectrons emitted  

by residual gas hit by the X-ray pulse. Signals from 
several detectors can be combined to increase the 
single-pulse signal-to-noise performance. Time-of-flight 
spectra are converted by software to photon energy  
spectra according to a calibration function (Figure 4). 

Another R&D project focused on the development of 
diamond sensors as nearly non-invasive position and 
intensity detectors for hard X-rays, enabling 4.5 MHz 
operation. Here, a diamond sensor—consisting of a 
40 µm electronic-grade single-crystal CVD diamond with 
graphitized surfaces and duo lateral electrode geometry—
was tested in the SASE2 beamline at a photon energy of 
30 keV. The preliminary results show that the diamond 
sensor delivers pulse-resolved X-ray beam position and 
intensity measurements at 2.25 MHz, and the results are 
in good agreement with measurements by the adjacent 
FEL imager and X-ray gas monitor (Figure 5).

Towards the end of 2022 and during the winter mainte-
nance period, several new devices and systems were 
installed to prepare for new operational and performance 
features. One of them is a “dechirper”—a device based 
on a corrugated structure that delivers a time-dependent 
transverse kick to the electron bunches—which was 
installed before the SASE1 FEL undulator. The dechirper 
will support the generation of ultrashort pulses and 
provide additional diagnostics. Another major activity was 
the modification of the electron beamline in front of 
SASE1 over a length of 50 m to prepare for installations 
within the ASPECT project. First diagnostic devices for 
the X-ray free-electron laser oscillator (XFELO) demo 
experiment at SASE1 were also installed.

Test operation of the first active magnetic bearing in one 
of the cold helium compressors of the cryogenic plant 
started at the beginning of the winter maintenance period. 
The commissioning and initial operation of the new 
bearings were successful, giving hope that the long- 
standing problem with the bearings used to date, which 
led to several interruptions of operations in May, June, 
and July 2022, can be resolved. However, long-term tests 
must continue in order to demonstrate the anticipated 
many 1000 hours lifetime of the new bearings, and the full 
refitting of the cold compressors with magnetic bearings 
will require a few years.

Preparations for the further development and extension of 
the European XFEL facility are also ongoing. Construction 

of the electron gun conditioning facility FALCO should be 
completed in 2023, and R&D work for the systems 
required to upgrade the accelerator for operation in 
continuous-wave mode is in full swing.
In terms of the development of the FEL sources, four 
APPLE-X undulators forming a “helical afterburner” for  
the generation of X-rays with freely adjustable polarization 
were installed behind the SASE3 undulator during the 
winter maintenance period 2021–2022, and their initial 
commissioning began in early 2022. In May, circular 
polarized radiation was observed at a photon energy of 
around 1 keV. However, soon afterwards, motion control 
of the undulator segments became impossible due to 
radiation damage of encoders and motors installed on 
the devices. As the cause of radiation was not clear and 
repair was not possible on site due to the very tight 
installation space, all the devices were dismounted in the 
summer maintenance period. Later, spontaneous syn-
chrotron radiation generated in the upstream SASE3 
undulator was identified as the root cause of the radiation 
damage. In the second half of 2022, the APPLE-X 
undulators were remeasured to confirm that the magnetic 
structures had not been damaged by the radiation, and 
measurements were performed to quantitatively better 
understand the background radiation. In the winter 
maintenance period 2022–2023, a narrow chamber of the 
same dimensions was installed behind SASE3 to demon-
strate that the radiation background is controllable. 
Re-installation of the APPLE-X undulators is planned for 
the winter maintenance period 2023.

Figure 4: 
SASE1 hXPES online measurement of X-ray pulse spectra, taken in 20-pulse mode with an intra-train repetition 
rate of 0.25 MHz and an average pulse energy of 1.2 mJ. Left: Single-shot time-of-flight spectrum. Right: Photon 
energy spectrum. The spectrum in red was obtained simultaneously with the HiREX spectrometer. 

Figure 5:
Left: Diamond detector setup in the K-monochromator  
chamber of SASE2. 
Right: Measurements of the horizontal (top) and vertical (bottom) 
X-ray beam positions made with the diamond detector (orange) 
compared to those provided by an adjacent FEL imager (blue). 
For smoothing, the signal was averaged over two X-ray pulses, 
and a Savitsky–Golay filter was applied. 
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Figure 6: 
Diamond channel-cut monochromator  
(4 x 4 x 5 mm3) made of a single-crystal diamond

Figure 7: 
New 1D-imaging XUV spectrometer installed at the SQS instrument

Figure 8: 
Fluorescence spectra 
recorded with the XUV 
spectrometer upon 
excitation of neon gas 
with intense FEL radiation 
at 1.5 keV photon energy. 
The 2p  1s emission 
lines from the different 
ionic states are indicated.

Another R&D project addressed the problem that the 
installed hard X-ray monochromators show a significant 
decrease of the transmitted intensity with increasing 
number of pulses, which is due to the high repetition rate 
and pulse energy of the X-ray beams. As a material, 
diamond combines the best thermal conductivity with low 
thermal expansion. When crystals of sufficient quality and 
size recently became available, a project to build a 
high-heat-load monochromator was initiated. For this,  
an all-diamond channel-cut monochromator (DCCM) was 
designed (Figure 6), and its performance was simulated 
through finite-element calculations. The DDCM was 
procured externally and characterized using collimated 
high-energy X-rays at synchrotron sources. In 2022,  
the prototype DCCM was tested at the MID and FXE 
beamlines under full X-ray beam load at room tempera-
ture, demonstrating the ability to maintain a high through-
put over an entire X-ray pulse train and, subsequently,  
for multiple consecutive trains. This promising result 
confirms the high heat dissipation capability of diamond, 
which cannot be achieved with silicon, even under 
cryocooling conditions. The ultimate efficiency of the 
DCCM at cryogenic temperatures will be tested in 2023.

Scientific instruments

At the SQS instrument, a new spectrometer for analysing 
soft X-ray and extreme ultraviolet (XUV) radiation was put 
into operation (Figure 7). The 3.5 m long device was a 
Swedish in-kind contribution, built and implemented 
within a collaboration with Uppsala University. Anticipated 
since the start of the SQS instrument, the new XUV 
spectrometer will complement the already existing 
instrumentation at SQS, which is mainly dedicated to the 
analysis of electrons and ions. As a unique feature, a pair 
of cylindrical Wolter mirrors allows for one-dimensional 
(1D) imaging of an extended source. The XUV 
spectrometer can be installed in the F1’ focus position of 
the Atomic-like Quantum Systems (AQS) chamber, 
replacing the magnetic-bottle spectrometer. A cylindrical 
grating mounted in the perpendicular plane provides 
energy dispersion so that the detector records an image 
with wavelength dispersion in one direction and spatial 
resolution in the other. The spectrometer covers the 
energy range of 140–1150 eV, with an energy resolution 
estimated to be about 70 meV at 250 eV and 100 meV at 
540 eV. The device images a line source of up to 2 mm 
length with a resolution of 15 µm, allowing observation of 
the propagation effects of intense FEL radiation in dense 
gaseous media. 

First commissioning experiments and a first user beam-
time with the XUV spectrometer were successfully 
completed in November 2022, and the spectrometer’s 
excellent performance was verified (Figure 8). The 
spectrometer will enable fresh avenues of research, 
especially regarding to the investigation of non-linear 
phenomena. The spectroscopy of XUV fluorescence 
photons emitted by a sample is a powerful tool for 
investigating photons that are not perturbed by the 
presence of charged particles, such as those commonly 
created in a sample’s interaction volume.

Organizing development activities

In a facility like the European XFEL—with a strong user 
and experiment programme and related requests for 
support by other expert groups—it is necessary to define, 
structure, and approve any large development projects 
(DPs). In this way, adequate resources can be provided to 
support operation and new activities. At the beginning of 
2022, 25 approved DPs were running. By the end of the 
year, 10 of these had been closed and 9 new DPs had 
started (Figure 9). The total budget of the new projects is 
approximately 1.7 million euro, with the XFELO project 
being by far the largest. Using the currently ongoing 
discussion of 11 new projects as an indicator, it is 
anticipated that the number of DPs will remain at its 
current level.

The Project Technical Coordinator (PTC) in the Data 
Department performs the important role of providing both 
oversight and an interface for the DPs. Each group in the 
Data Department has the latitude to define its own 
processes and procedures, and the PTC mediates the 
individual processes, acts as single interface to the 
Project Management Office and the managers of the DPs, 
and communicates and coordinates tasks within the 
department itself. The position was established at the 
beginning of 2021. Since then, the PTC has contributed to 
34 DPs. While the coordination aspect is the most visible, 
the PTC also contributes expert advice to the implemen-
tation of new DPs as well as lessons learned from 
completed DPs, thus helping to improve the performance 
of the department.

Figure 9: 
Status of development projects in 2022

DPs currently in preparation for approval

New DPs approved in 2022

Proceeding DPs approved in 2021

Proceeding DPs approved in 2020

Proceeding DP approved in 2019

DPs successfully closed in 2022
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Figure 3: 
Overview of the key societal challenges addressed by science experiments at the European XFEL, indicating which instruments contribute most prominently to these areas 
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In 2020, European XFEL initiated an intense strategy 
development process, with the goal of defining the 
company's development targets for the coming decade.
Five overarching Action Field teams have contributed to 
the strategy design process. Led by one European XFEL 
Director respectively, each team has worked on defining 
strategic goals for the coming decade, based on the 
facility development potential, scientific trends,  
megatrends, and user needs. 

The strategy process aims to establish the basis for 
organizational transformation and vision for the next 
decade. Adding a challenge-driven approach to the 
discovery-driven science currently performed at European 
XFEL is expected to further increase the contributions to 
solving global societal challenges.
 
A Strategy Design Report is expected to be ready in 2023. 
An “Executive Summary” will be presented to and 
discussed with the European XFEL Council. 

Development at European XFEL is also linked to develop-
ment at its shareholder and partner, DESY. Consequently, 
synergies and areas where the strategic directions of the 
two facilities are complementary and where efforts can be 
combined successfully are regularly discussed at the 
directorate level. 

Four societal challenges to which European XFEL  
could make significant contributions have been identified: 
Climate and Energy, Health, Environment and Sustain
ability, and Digitalization. The contributions will be based 
on strong science programmes across the instruments.

Strategy 2030 outlook

The mid-term European XFEL Strategy 2030 will address 
the timeframe until 2030 and restrict itself to the present 
accelerator layout. 

European XFEL aims to make operation more efficient 
and increase capacity, expand its user base, achieve 
scientific excellence, and enhance company develop-
ment. Furthermore, to maintain its technological leader-
ship, European XFEL will continue research and develop-
ment activities on new technologies and future upgrades. 

A major upgrade of the facility, which will be necessary in 
the 2030s in order to enhance and maintain European 
XFEL’s technological leadership, will be further investigat-
ed. The defining elements are an upgrade of the accelera-
tor, and a second fan of photon tunnels with a beam 
distribution building and a second experiment hall. This 
would allow the company to build more instruments 
dedicated to specific applications and to serve the 
growing user community.

Figure 1: 
Action Fields of the strategy process 

Figure 4: 
European XFEL  
Facility Roadmap

Figure 2:
Diagram illustrating the interaction between the  
basic science programme, the user community,  
and the societal challenges
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European XFEL is committed to providing an environment 
in which people are able to fully develop their potential, 
regardless of their cultural background, physical abilities, 
or gender. Taking their individual strengths and competen-
cies into consideration, staff members are to be trained in 
the skills and qualifications required to achieve optimal 
work performance. Through a variety of training sessions, 
workshops, and coaching sessions, every staff member is 
able to grow on a personal and professional level. 

In 2022, European XFEL put special emphasis on training 
staff members in the further development of leadership 
skills.

Based on evaluations from the annual feedback talks,  
a soft skills catalogue was compiled. Training sessions 
supported staff members to reflect on themselves, 
exchange with others, and learn new skills. In addition, 
there was a great demand for team workshops. Topics 
that groups wanted to discuss included clarifying team 
goals, roles, and tasks, improving work procedures and 
processes, and dealing with conflict situations. At the 
same time, the team workshops were a great occasion to 
improve team spirit, build trust, and foster cooperation.

European XFEL rewards and recognizes staff members 
who use their broad range of experience and expertise 
not only to enhance their own performance but also to 
help their own group and the whole company achieve 
their objectives and missions.

Senior roles—seen as expert paths—were introduced as 
a new option for professional development at European 
XFEL. In addition, as part of the strategy process, a new 
leadership training format for group leaders was devel-
oped, and a pilot training was held in October 2022 with 
leaders from various areas of the facility.

As a next step, an extensive review of the Personnel 
Development learning and development provision is 
planned. The company will specifically invest in the 
development of conflict management and communication 
skills at all levels. It will also continue to build on a 
partnership approach between individuals and supervi-
sors. The company’s learning and development provision 
will recognize the diverse range of staff groups within the 
workforce and be tailored to meet their specific needs.

PERSONNEL 
DEVELOPMENT
PERSONNEL 
DEVELOPMENT

Figure 1:
The European XFEL values 
—identified and defined by 
employees for employees

OUR VALUESOUR VALUES
European XFEL’s values—collaboration, excellence, 
transparency, and trust—are the core of our mission and 
strategy. Their purpose is to help express what we stand 
for and what is important to our facility. Defined in 2021 
by a bottom-up process involving an extensive staff 
survey, the values aid European XFEL in building a 
supportive, inclusive, and highly motivating environment. 

In the last 12 months, various activities were undertaken 
to highlight our values. Half-day workshops focusing on 
one value at a time were offered as part of the Personnel 
Development training catalogue. Internal awareness was 

also raised by the distribution of specially designed 
flower-seed packages, advent calendars, and water 
bottles. 

A culture change agent network of 10 European XFEL 
staff members from a variety of professions and national
ities supports staff members in integrating the organiza-
tion’s values into their working lives. 
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The European XFEL Ph.D. programme is designed to train 
the next generation of experts in X-ray FEL science and 
related research areas. The curriculum includes a wide 
range of scientific and technical courses, workshops, and 
lectures, as well as soft-skills courses. The programme is 
supervised by the Ph.D. committee—composed of 
scientists, administrative staff, and experts in career 
development—which meets regularly to discuss the 
supervision and progress of the students. The programme 
is expected to become a crucial pillar in the development 
of strong in-house research activities, the foundation on 
which all successful user facilities grow and flourish.

Frequent exchanges via meetings, seminars, and other 
research networking initiatives lead to a strong sense of 
community and long-lasting identification with European 
XFEL. In 2022, students launched the European XFEL 
Ph.D. website, which is designed as a place for exchang-
ing ideas and communicating activities for students inside 
and outside European XFEL.

The programme currently includes 45 Ph.D. candidates, 
with a diverse background of more than 15 different 
nationalities (Figures 1 and 2). Seven Ph.D. students 
graduated in 2022, and 13 more Ph.D. projects were 
approved.

In line with similar research institutions, the gender 
distribution at European XFEL is rather unbalanced 
among scientists, engineers, and technicians. To improve 
this situation, European XFEL is committed to actively 
supporting the careers of female colleagues and to 
increasing the number of women in STEM disciplines.  
In accordance with the European XFEL Gender Equality 
and Diversity Plan (GEDP), this includes attracting more 
female students to the Ph.D. programme (Figure 3).  

An important objective is the expansion of the European 
XFEL user community through new scientific collabora-
tions with the shareholder countries. This is promoted by 
shared Ph.D. student projects, which are co-financed by 
European XFEL and universities in shareholder countries. 
To date, eight shared Ph.D. students are affiliated with six 
universities outside Germany. Collaboration agreements 
with other universities of shareholder countries are in 
preparation.

The annual three-day European XFEL Students’ and 
Science Days (SSD) provide a platform for facility-wide 
exchange on internal research activities. The first day is 
fully organized and managed by the Ph.D. students. At the 
SSD, students are encouraged to present their own 
research to the scientific and technical staff at European 
XFEL and to discuss the research done by their peers and 
more senior researchers. With over 100 participants, the 
2022 SSD was the first fully in-person event, very much 
appreciated by the early-career staff (Figure 4).

In 2022, in-person activities included a monthly Ph.D. 
seminar, the SSD, and other social events. Increasing 
onsite activities has strongly facilitated connections 
among the students, enhancing the visibility of their 
individual projects, while at the same time encouraging 
interdisciplinary cooperation and providing a spotlight  
for the diversity of the Ph.D. programme.

Figure 2: Participants of the Students’ and Science Days 2022, including the European XFEL Ph.D. students 

Figure 4:  
Gender balance of Ph.D. students at European XFEL:  
A) first year, B) second year, and C) third+ year

Figure 3:
Students’ and 
Science Days 2022

A B C

Figure 1: Nationalities of Ph.D. students at European XFEL
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Budget 2022

Figure 1: Payments by major activity in 2022

Figure 2: Payments by budget items in 2022
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At the end of 2022, 98.7% of the European XFEL con-
struction budget was spent. The annual operation budget 
was 140.7 million euro (M€) in 2022 and will increase to 
145.7 M€ in 2023. 

Parallel to spending from the annual operation budget, 
investments from the remaining construction budget 
continued in order to finalize some SASE installations—
such as a third instrument port at the beamlines and an 
undulator for circular polarization—as well as to prepare 
for construction of the new office building and visitor 
centre. 

In 2022, European XFEL could fully exploit new financial 
planning options to prepare for future big investments by 
creating an “indicative” budget through the pre-allocation 
of operation funds. The indicative budget is reported as 
part of the Facility Development Programme (FaDeP), 
describing and showing the planned expenses and their 
relation to the future-oriented development of the facility, 
including strategic activities and contingency plans. The 
FaDeP has helped increase the transparency of financial 
reporting and provided some flexibility for financing bigger 
projects currently in a pilot phase. It will also guarantee 
financial certainty in times when the geopolitical situation 
is uncertain.

The overall construction budget of European XFEL 
amounts to around 1.25 billion euro (2005 value). Forty-six 
percent was contributed in kind by various partners. The 
remaining fraction of more than 650 M€ (2005 value) was 
contributed in cash to the company by its shareholders 
and associated partners.

The total European XFEL payment budget in 2022 
amounted to 152 M€. Of this, 141 M€ (93%) was related 
to operation and 11 M€ (7%) was allocated to ongoing 
construction projects. 

Recurrent and capital costs were the largest parts of the 
costs, totalling 78 M€ (51%). Another 69 M€ was spent on 
personnel, including staff from DESY. A further 5 M€ was 
allocated for smaller upgrades. 

For 2023, an increased annual payment operation budget 
of 145.7 M€ was approved by the European XFEL 
Council, with a further 11.2 M€ being approved for 
finalizing the construction phase budget. 

Besides the core funding by the shareholder countries, 
third-party funding plays an important role within the 
budget portfolio of European XFEL, providing flexibility for 
important projects. The European Union (EU)—within the 
framework of its Horizon 2020 and Horizon Europe 
research and innovation programmes—and the German 
Research Foundation (DFG) are examples of the types of 
prestigious funding bodies making these contributions, 
underlining the high quality of research projects per-
formed by European XFEL scientists.

Third-party funding

In 2022, European XFEL participated in 16 research 
projects, nine of which were funded by the EU Horizon 
2020 and Interreg programmes, and eight by national 
funding organizations, such as DFG and the German 
Federal Ministry of Education and Research (BMBF).

The overall income from these projects was 1.0 M€, of 
which 80% came from European and international funding 
and 20% from national funding. The funds spent by 
third-party projects amounted to about 1.1 M€ in 2020 
and 1.3 M€ in 2021 and 2022.

In 2022, five staff members were employed exclusively for 
third-party–funded projects. Two of these projects ended, 
and six new projects were started.

ñò
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Quarter Declared Total

Q1
3 5

Q2
6 8

Q3
2 6

Q4
2 5

Total 13 24

2

2

4

3

11
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Quality management

In 2022, overall improvements in quality management—
comprising different quality-oriented services, procedures, 
and guidelines—resulted in tangible enhancements to 
processes and procedures. In addition, new areas were 
identified on which European XFEL needs to focus in the 
coming years. The optimization potential and adjustments 
are mostly connected to the maturing of the European 
XFEL as a facility as well as to some changes in the legal 
framework the company has to follow. 

Due to the geopolitical situation and high inflation,  
special focus was put on adjusting the budget planning 
processes and ensuring the long-term financial stability  
of the company, using different planning tools and 
processes.

In addition, to cope with the disproportional rise in costs 
for energy consumption, the process of buying electrical 
power was adjusted. Although European XFEL has 
developed a procurement strategy for this volatile market 
in close collaboration with DESY and qualified external 
consultants, closer coordination with DESY and intensive 
observation of the market were necessary. To ensure the 
best possible prices, the procurement is done in up to  
12 tranches per year and, where possible, well in ad-
vance. This process minimizes the risk of procuring power 
at times when prices are high and keeps a large degree of 
flexibility. Although this concept worked quite well in the 
last few years, 2022 brought new challenges. The 
significant price increase for electricity was difficult for 
European XFEL to pay, and potential saving strategies to 
reduce power consumption had to be developed. Thanks 
to close collaboration with DESY, these difficulties could 

be managed and strategies developed effectively. 
However, areas for improvement became apparent and 
can now be better addressed.

Environmental sustainability is an area of development  
on which European XFEL needs to focus. For example,  
only renewable energy will be used at European XFEL 
from 2023 onwards. This change will reduce the com
pany’s CO2 emissions by 15 000 t per year. The heat 
derived from cooling down the facility’s accelerator is 
currently used to heat buildings at DESY, with ongoing 
considerations to also use it for central heat supply in 
nearby residential quarters. In addition, by combining 
different measures, a 44.6% reduction in European XFEL’s 
heat energy consumption was achieved (even with 
additional buildings) compared to 2019. These examples 
show that sustainability strategies can be used to suc-
cessfully accelerate the development and adjustment of 
quality management processes, while having a big impact 
on the facility itself. The global climate crisis, the growing 
emphasis on corporate sustainability, the rapid growth of 
so-called “cleantech”, and the increasing interest among 
stakeholders and shareholders will make environmental 
sustainability a management priority in the coming years.

The European quality management activities—supported 
by regular internal audits and an external end-of-year 
audit—aim to combine the state-of-the-art quality 
management of international scientific institutions and 
research infrastructures with modern insights into the 
administration of large service units, especially with 
regard to safety and reliability requirements. The activities 
established and the procedures implemented or adapted 
in 2022 were examined in the light of various quality 

aspects: meeting the needs of European XFEL users, 
improving processes, involving staff members and 
partners in quality improvement, and ensuring sustainable 
and reliable facility operation. In particular, the reporting 
requirements of the European XFEL shareholder countries 
and the legal boundary conditions for administrative 
processes were addressed. 

Enterprise resource planning system

To improve and extend the services offered by the 
administrative groups and increase efficiency in admin
istrative processes, European XFEL implemented an 
enterprise resource planning (ERP) system in 2022. 

By storing and managing data from every stage of 
administration, the ERP system reduces errors that 
originate from working with potentially deviating data from 
different sources and guarantees the long-term quality 
assurance of financial and facility data. It integrates, 
standardizes, and, to a significant extent, automates 
different administrative tasks from procurement, finance, 
controlling, logistics, and warehousing, thereby improving 
the reliability, transparency, and productivity of adminis-
trative processes.

In 2015, with the support of external consultants,  
European XFEL started to systematically analyse its 
administrative processes and to collect requirements for 
an ERP software solution. Based on these requirements, 
the company conducted a public tender for procurement 
of the ERP system. In January 2018, Infor (Deutschland) 
GmbH was commissioned to implement the ERP system 
at European XFEL.

The migration from other systems was successfully 
completed, and the ERP system went live in May 2022. 
Although it has been in full swing ever since and many 
improvements are already visible, during the first months 
of operation, further optimizations were identified, which 
will be implemented by mid-2023.

To ensure reliable operation and continuous improvement 
of the ERP system and connected processes, an integra-
tive team was formed, consisting of members from 
administrative groups and the IT group.

Within the “HR 2.0 – Next Generation HR IT” project, 
which was launched in 2021, another ERP module will  
be added in 2023 to significantly optimize and simplify 
personnel and working-time–related processes.

Procurement

After the successful introduction of the ERP system, the 
digitalization of the procurement process continues to 
progress. Additional electronic catalogues have been and 
will be connected for the automated ordering of standard 
items. This enables process optimization and reduces 
administrative workload for the requester, the Procure-
ment group, and the Finance group.

In addition, preparations are under way to implement 
stock items at the warehouse and manage the process in 
the ERP system. This digitalization will enable quick and 
easy availability of the most commonly used items and 
spare parts. The environmental footprint will be improved 
by reducing external packaging and fuel used in transport 
throughout the supply chain.

Table 1:

Number of work accidents 
during each quarter of 2022. 
Declared accidents are those 
resulting in an absence of 
more than three working 
days. All other accidents are 
considered minor. Commuting 
accidents are also included in 
the minor or declared column.

MANAGING 
QUALITY, 
SAFETY, RISK, 
AND CUSTOMS

MANAGING 
QUALITY, 
SAFETY, RISK, 
AND CUSTOMS
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Safety 

In 2022, the number of work accidents increased again 
compared to the previous two years, but, compared to 
the years before the pandemic, the numbers are still 
relatively low. There were no accidents in 2022 leading to 
long-term effects. In total, 24 accidents were reported,  
of which 11 were considered minor, leading to an absence  
of three or less working days. The other 13 so-called 
“declared accidents” resulted in absences of more than  
3 working days. Out of the 24 reported cases, including 
minor and declared “accidents”, 9 were commuting 
accidents.

Instruction about workplace risks is one of the key 
responsibilities of European XFEL towards its employees, 
users, and guests. The content and style of the corre-
sponding online training modules were revised. In 
addition, new videos and voluntary training modules were 
implemented, for example on so-called “dead-man 
switches”, “oxygen-deficiency” sensors, and fire alarms. 

Dead-man switches were introduced in the lab area of the 
headquarters building (XHQ) to facilitate staff members 
working alone. These devices automatically inform the 
technical emergency team (which is on site 24/7) if 
someone working alone does not move for a specified 
time. 

A project for machine safety and required technical 
documentation also started in 2022, with the goal to 
implement CE compliance for equipment and machines  
at European XFEL (Figure 1).

A laser safety review took place in summer 2022, and, 
as a result, a laser safety committee involving several 
parties was established. One of its main goals is a regular,  
active exchange of knowledge on laser safety matters 
between experts in the field across the company. 

Radiation protection

In 2022, a third instrument, SXP, started operation at the 
SASE3 soft X-ray FEL source. The joint radiation protec-
tion organization of European XFEL and DESY collabor
ated with many groups at both institutions to implement 
and install the SXP radiation protection personnel inter-
lock system and the safety equipment protection system 
in a short time. European XFEL supplied the beam shutter 
and installed it, while DESY provided the PANDORA 
detectors for radiation measurements, the burn-through 
monitors, the air boxes, and the hutch monitors, in 
addition to organizing and conducting the technical 
inspection (TÜV) tests of the personnel interlock system. 
European XFEL supplied the active instrument beam stop 

(AIBS) devices, which were manufactured at DESY, as 
well as the safety equipment protection system interlocks, 
and contributed to documentation for the TÜV tests. 
DESY was responsible for the entire implementation of 
the personnel interlock system. Altogether, this joint effort 
was one of the contributions that enabled the SXP instru-  
ment to successfully receive first beam in October 2022.

Risk management

In 2022, processes for well-synchronized risk manage-
ment (RM) and asset management (AM) were successfully 
implemented at European XFEL. For the first time, the full 
cycle of a risk reporting period was conducted together 
with the Asset Management group, with RM and AM 
being synchronized to exploit the synergies of the two 
fields.

The administrative groups were successfully integrated 
into the corporate RM process. The RM process for 
projects running in parallel with the operation of the 
facility was set up and implemented.

At the same time, a third AM report was completed.  
It includes the group-specific AM strategies and a 
company-wide requirements analysis that brought 
together all the different AM approaches.

Customs and export control 

European XFEL secures all processes that may be 
affected by export control and, at the same time, strives 
to significantly improve the quality of all customs-related 
processes (import and export of goods as well as 
technical support). All national, EU, and US regulations 
are considered in their most current version. The imme
diate benefits include faster processing of all import and 
export procedures, which is particularly important for the 
timely arrival of samples and equipment for experiments, 
safe shipping of high-quality equipment abroad for repair 
or experiments, and, wherever possible, reducing or even 
avoiding import costs, such as customs duties and import 
taxes.

In 2022, special emphasis was put on implementing a 
dual-use policy and improving direct user support.  
Other improvements include the simultaneous checking  
of all proposals for import bans as well as for regulations 
for incoming samples (e.g. veterinary inspections) and 
equipment temporarily imported for the experiments in 
order to properly define import procedures. In addition, 
procedures are coordinated with users well ahead of  
time to save import duties and protect against delays, 
rejection, or confiscation during import. 

Figure 1: 
Instruction of staff members about safety documentation for machines
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After two years of pandemic-related travel restrictions, 
European XFEL permitted regular face-to-face visits in 
2022 again, enabling staff members to engage more 
personally with collaboration partners. Such travel mainly 
centred on attending meetings and schools in the 
shareholder countries. These included the DanScatt 
Annual Meeting in Copenhagen in August, the 15th 
International School and Symposium on Synchrotron 
Radiation in Natural Science in Przegorzały, Poland,  
in August, and the 7th School of XFEL and Synchrotron 
Radiation Users in Liptovský Ján, Slovakia, in November. 
These meetings were important platforms for getting to 
know and inspiring the current and future generations of 
scientists and users. In March, European XFEL contrib
uted to the annual “HERCULES European School: 
Neutrons and Synchrotron Radiation for Science” and 
welcomed 16 students for a two-day visit to European 
XFEL (Figure 1). Staff members also reached out to  
potential new collaboration partners in both academia 
and industry, in particular in the shareholder countries,  
to establish new connections and co-development 
projects there. 

European XFEL and DESY helped to co-found the 
Scienziati Italiani in Germania Network (SIGN) to encour-
age interactions between scientists in Italy and Germany 
(Figure 2). The initiative provides a network for Italian 
scientists working in Germany. European XFEL Scientific 
Director Sakura Pascarelli now serves as Deputy Director 
of SIGN. 

Despite the slowly easing COVID-19 situation, the 2022 
European XFEL Users’ Meeting was still held remotely. 
The same was true for the 14th International Conference 
on Synchrotron Radiation Instrumentation (SRI2021), 
which—after having been postponed from 2021—was 
held in 2022 as an online meeting, enabling 1160 partici-
pants from around the world to meet virtually. 

Figure 1:  
Students of the HERCULES European School visiting European XFEL

Figure 2:  
Co-signatories of SIGN at the inauguration ceremony Figure 3: Collaborative third-party-funded projects with the partners of European XFEL

Within the two European Framework Programmes Horizon 
2020 and Horizon Europe as well as the Interreg pro-
gramme and the Röntgen Ångström Cluster (BMBF), 
European XFEL is involved in multiple projects (Figure 3).

(Interreg Öresund–Kattegat–Skagerrak)

INTERNATIONAL 
COLLABORATION
INTERNATIONAL 
COLLABORATION
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Figure 4:  
Attendees of the MHz TOMOSCOPY 
kick-off-meeting

Figure 5:  
Apostolia Karamali, Head of Unit ERA & Innovation of the 
European Commission, visiting the SPB/SFX instrument 

European XFEL has been one of the eight international 
research facilities in the EIROforum partnership since 
2010. EIROforum is a valued platform for regular ex-
change between institutions, including joint events. In 
2022, the EIROforum workshop “Grand Challenges in  
AI and Data Science”—which covered everything from 
data acquisition to data mining—was organized as a 
hybrid event at EMBL in Heidelberg, Germany, bringing 
together experts from all EIROforum member institutes 
and beyond. 

Within the FELs OF EUROPE collaboration, European 
XFEL has also taken an active role, and European XFEL 
Scientific Director Serguei Molodtsov has continued to 
serve as Chairman. The collaboration provides a platform 
for exchange between the different facilities as well as 
regular tutorials and workshops organized by its mem-
bers. In addition, the annual international Science@FELs 

Figure 6: Participants of the Science@FELs 2022 conference

Also, Patrik Vagovic, a scientist working at CFEL at DESY 
and SPB/SFX at European XFEL, was awarded one of the 
first European Innovation Council Pathfinder grants of 
3.15 million euro (M€) for his MHz TOMOSCOPY project 
by Horizon Europe, for which European XFEL will receive 
0.81 M€ over 3.5 years (Figure 4). 

The Photon and Neutron Open Science Cloud (PaNOSC) 
project ended in November 2022. The main goal of 
PaNOSC was to establish FAIR—findable, accessible, 
interoperable, and reusable—data procedures, tools,  
and services at six European research infrastructures, 
covering all aspects from data policy recommendations to 
software development. Outcomes of PaNOSC were 
registered with the European Open Science Cloud (EOSC) 
so users could find the developed services there and 
benefit from them more readily.

In the framework of the Röntgen–Ångström Cluster, the 
X-ray based drug design platform (XDD) project, led by 
European XFEL, started in April with the University of 
Gothenburg, AstraZeneca, MAX IV, DESY, and Universität 
Hamburg. The consortium is developing a new structure-
based drug design platform by exploiting the potential of 
X-ray FEL sources for drug discovery projects for future 
treatment of COVID-19 and the neglected tropical disease 
lymphatic filariasis.

European XFEL also continued to collaborate with 
researchers from Hamburg and southwestern Scandina-
via—including research facilities such as MAX IV, ESS, 
DESY, and EMBL Hamburg—to promote life science 
innovation and research as part of the Hanseatic League 

of Science (HALOS) project fostered within the European 
Regional Development Fund Interreg Öresund–Kattegatt–
Skagerak (ÖKS) programme. 

European XFEL is active in the League of European 
Accelerator-based Photon Sources (LEAPS) consortium, 
a network of European facilities that work closely together 
to promote joint initiatives between member institutes. 
The Horizon 2020 project LEAPS-INNOV (GA No. 
101004728) was aimed at developing technological and 
research capabilities between LEAPS members and 
industry partners. European XFEL scientists also partici-
pated in the biannual scientific LEAPS conference, titled 
“LEAPS Meets Quantum Technology”, in Elba, Italy, to 
strengthen Europe’s leading role in science and innova-
tion. A major topic of the conference was to identify how 
X-ray sources such as the European XFEL could be used 
to address science and technology questions in quantum 
technology. This was the first of a series of conferences 
bringing together LEAPS and the scientific community.

The European XFEL management continued to collab
orate with the European Commission, welcoming Aposto-
lia Karamali and Agnes Robin from the Unit for R&I Actors 
and Research Careers (Figure 5). The LEAPS-initiated visit 
to the European XFEL and DESY facilitated discussions 
about the role of research infrastructure in partnerships 
such as LEAPS and beyond. The European XFEL man-
agement also participated in a meeting with Maria Leptin, 
President of the European Research Council (ERC), at DESY 
in June.

2022 conference took place at DESY and European XFEL 
in September (Figure 6). 

European XFEL also welcomes the opportunity to widen 
its current collaboration and user network, including both 
academic and industry partners. Such an opportunity 
arose at the Big Science Business Forum (BSBF) 2022, 
taking place in Granada in October, which allowed 
European XFEL staff members to tighten long-standing 
collaborations and start discussions with potential new 
partners.

The year 2022 was proclaimed the International Year of 
Basic Sciences for Sustainable Development (IYBSSD2022). 
European XFEL joined the initiative to raise awareness 
that flourishing basic science and research are crucial for 
sustainable development. 
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To promote industrial collaborations with European XFEL, 
the Industrial Liaison Office (ILO) supported the organiza-
tion of the Big Science Business Forum 2022, which took 
place in October in Granada, Spain. The event brought 
together key suppliers and high-level representatives of 
various international science institutes and laboratories, 
including European XFEL, to explore new possibilities for 
advancing the development of novel technologies. This 
included presentations of experts from European XFEL 
and two dedicated booths for both European XFEL and 
the League of European Accelerator-based Photon 
Sources (LEAPS), increasing the chances of co-develop-
ment with industry for key cutting-edge technologies.

European XFEL also participated in the Slovak Industry 
Vision Day on 24 November, creating connections to new 
technology providers in the Visegrád Four countries.

European XFEL has facilitated research in applied science 
of industrial interest in structural biology by involving 
pharmaceutical companies. A pilot collaborative experi-
ment using the European XFEL was successfully con
ducted with an international biopharmaceutical company, 
Sosei Heptares. The experiment demonstrated a powerful 
approach to determining three-dimensional structures of 
biomolecules with atomic resolution. The collaboration 
used the European XFEL’s SPB/SFX instrument to 
investigate G protein-coupled receptor (GPCR) crystals 
generated by Sosei Heptares in order to provide insights 
for drug discovery and design.

Figure 2, top:  
Members of the ILO participate in the hybrid 
National ILO meeting 

Figure 3, left:  
Bilateral meeting with the Slovak Investment and 
Trade Development Agency at the Slovak Industry 
Vision Day 2022

Figure 1: Visitors at the National ILO meeting tour the experiment hall

CONTACTS 
TO INDUSTRY
CONTACTS 
TO INDUSTRY
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Visitor tours

After a long period of only virtual tours due to the COVID-19 
pandemic, European XFEL was finally able to resume 
guided visitor tours on the research campus in March 
2022. Around 1200 visitors took part in 47 guided tours 
during the rest of the year. Due to high demand and 
limited capacity, students and young scientists were  
given priority.

New videos

European XFEL’s communication and events were 
supported by 28 new videos, 20 of which were produced 
in-house, on topics such as new scientific developments, 
user portraits, and the European XFEL company values. 

Outreach for schools

As part of this year’s “Physik im Advent” competition, 
which is organized annually by the University of Göttin-
gen, 22 winners from Gymnasium Oberalster in Hamburg 
visited European XFEL. The students received a short 
introduction to the facility, complemented by a guided 

tour of the experiment hall, before taking part in practical 
science demonstrations.

Fifteen participants of the regular holiday event for Young 
Talents Hamburg (YoTa) also spent a day on site learning 
about research with X-rays at European XFEL before 
diving into experiments. Half of the group was taught how 
to construct a microscope at the dry sample preparation 
lab, while the other half was busy programming a robot.

Outreach for the general public

At the annual science festival “Highlights der Physik” in 
Regensburg, representatives from European XFEL 
presented posters, exhibits, and a video programme. 
Over 40 000 visitors attended the six-day programme 
either on site or online.

In July, the city of Schenefeld celebrated its 50th anniver-
sary with a public event on the market square in the 
centre of Schenefeld. The festival offered numerous 
hands-on activities. At the European XFEL booth, visitors 
could see, feel, and taste fascinating science in action: 
Ice cream frozen within minutes by liquid nitrogen was 

handed out in different flavours; diffraction pattern selfies 
could be taken as a souvenir; and, in a DIY X-ray cham-
ber, children could take a guess what was inside their 
Kinder surprise egg before eating it. A highlight was 
European XFEL Managing Director Nicole Elleuche and 
Senior Scientist Joachim Schulz dressing up as superhero 
Flash and sidekick Doc Brown from the film “Back to the 
Future” to explain the “super powers” of the European 
XFEL on stage.

European XFEL returned for the city of Schenefeld’s 
annual Christmas market, where the company presented 
posters and informational material. At a science quiz, 
visitors could test their knowledge about the facility and 
its science.

Lighthouse—European XFEL visitor and conference 
centre

In November 2022, earthworks began for the new 
European XFEL visitor and conference centre, due to open 
in 2024. Its name, Lighthouse, was chosen from sugges-
tions by European XFEL staff. It refers to the X-ray laser  
as a beacon of research and is a tribute to the “light of the 
future” that it generates.  

The two-storey visitor centre will offer 350 m2 of space for 
a permanent exhibition, for which planning continued in 
2022. In addition, the building will offer 200 m2 for special 
exhibitions, an area for virtual-reality applications, the 
Xcool Lab with two student laboratories, and rooms for 
conferences and events.

The construction costs for the Lighthouse will amount to 
15 million euro (M€). The German federal state of Schles
wig-Holstein is supporting the project with 2 M€ and 
providing a teaching position for the operation of the 
Xcool Lab from summer 2023 onward. 

The permanent exhibition will explain in English and 
German how the X-ray laser works and what insights it 
can contribute to solving major societal challenges. At the 
centre of the exhibition will be a model of the facility, 
around which other interactive exhibits will be grouped. 
These will include hands-on science experiments, original 
objects such as an accelerator cavity, and computer-
based activities including a game that simulates conduct-
ing an experiment at a scientific instrument. In 2022, the 
tender was awarded for the production of the exhibition, 
which will be installed in the building in early 2024 after 
various planning and production work packages are 
completed in 2023.  

Planning also continued for the Xcool Lab, a practical 
initiative that will help motivate young people to enter 
careers in science, technology, engineering, and math 
(STEM). The two student laboratories for physics and 
biochemistry are designed for junior and senior high 
school students to conduct hands-on curriculum-linked 
experiments and gain insight into scientific research. 
In 2022, work began on the first experiment modules, 
which focus on the physics of X-rays and virus research. 
The modules will be piloted to local school classes in 
German and later made available in English.

Figure 1:  
Students from the University of Strasbourg in France tour the 
experiment hall. Figure 2:  

Experimenting with a microscope  
at the YoTa holiday event 

Figure 3:  
More than 40 000 people visited the “Highlights der 
Physik” exhibition in Regensburg. Figure 4:  

Ice cream frozen with liquid nitrogen at the  
50th anniversary of the city of Schenefeld

OUTREACHOUTREACH
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Looking to the future has become difficult in recent years, 
first with the pandemic and then with the Russian invasion 
of Ukraine. Although significant progress has been made 
in the development of the European XFEL, the last three 
years have also been a period of constant crisis manage-
ment. With the war in Ukraine continuing, we expect that 
2023 will prove to be another challenging year for our 
international facility.

There are, however, many things to be optimistic about. 
The European XFEL is getting closer to its full operational 
capacity, and we expect to deliver an even more exciting 
science programme to the benefit of our user community. 
In the past years, we have achieved tremendous improve-
ment in the stability and quality of the operation of the 
facility. In particular, I am looking forward to further 
improvements to the superconductor accelerator, where 
in 2022 one of the cold compressors was retrofitted  
with magnetic bearings instead of ceramic bearings.  
If successful, the other three cold compressors will be 
retrofitted in 2023. This upgrade should then significantly 
reduce cryo-failures, which typically bring the facility and 
operation down for at least 36 hours, with considerable 
impact on experiments. The improvements are expected 
to be another big step forward for accelerator operation.

Importantly, 2023 will be the year in which we will finalize 
our strategy. The work on this project has been intense 
and is now resulting in a fully formed picture, with a 
particular focus on the importance of the facility’s 
successful operation in this decade. Our revised scientific 
strategy will include shifting from proof-of-concept 
experiments conducted in the startup phase during the 
facility’s first years towards science-based experiments 
driven by important societal challenges. I am convinced 
that the European XFEL, with its unique capabilities, can 
make significant scientific contributions to address health 
issues, sustainability, digitalization, and climate change. 
To ensure a successful transition, we will need to actively 
engage with our present and future user community, while 

simultaneously continuing mid-term developments to 
keep European XFEL at the forefront of X-ray FEL 
science. This includes delivering an attosecond science 
programme and opening new science areas by pushing 
our photon energies higher and higher, accessing lasing 
above 50 keV in the next decade through the develop-
ment of superconducting undulators. 

Having reviewed four out of our six original instruments, 
with a seventh in commissioning, we have a strong basis 
for developing our instrument portfolio in the coming 
years. We also plan to attract funding for new instrumen-
tation and beam transport to build two new beamlines for 
four instruments in the two still-empty tunnels leading to 
the experiment hall. We will, in parallel, continue to work 
with DESY on the development of the superconducting 
accelerator towards a facility with increased capacity and 
new capabilities by the mid-2030s. 

Despite the challenges of 2022 and any obstacles the 
future may hold, I am certain that 2023 will be an exciting 
year for our facility, consolidating the user programme 
while pointing to the future.

Robert Feidenhans’l

DIRECTOR’S 
OUTLOOK
DIRECTOR’S 
OUTLOOK
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Brilliant X-ray flashes for new research opportunities

With a repetition rate of up to 27 000 pulses per second 
and an outstanding peak brilliance, the world’s largest 
X-ray laser produces ultrashort X-ray flashes that allow 
researchers to map the atomic details of viruses,  
decipher the molecular composition of cells, take three- 
dimensional images of the nanoworld, film chemical 
reactions, and study processes like those occurring deep 
inside planets.

The European XFEL is located mainly in tunnels 6 to 38 m 
underground. The 3.4 km long facility runs from the DESY 
research centre in Hamburg to the town of Schenefeld in 
the German federal state of Schleswig-Holstein (Figure 1). 
The facility comprises three sites: the DESY-Bahrenfeld 

site with the injector complex, the Osdorfer Born site with 
one distribution shaft, and the Schenefeld campus site, 
which hosts the underground experiment hall with a large 
laboratory and office building on top. The latter serves as 
the company headquarters. The campus also has a 
warehouse and workshop building (completed in 2018),  
a company restaurant, BeamStop (completed in 2019),  
a guest house (completed in 2021), and an undulator hall 
(completed in 2021). A second office building is due to 
open on the campus in 2023 and a visitor and conference 
centre, Lighthouse, in 2024.

As of December 2022, 12 partner countries are member 
states of European XFEL: Denmark, France, Germany, 
Hungary, Italy, Poland, Russia, Slovakia, Spain, Sweden, 
Switzerland, and the United Kingdom. The international 

partners have entrusted the construction and operation of 
the facility to the non-profit European X-Ray Free-Electron 
Laser Facility GmbH, a limited liability company under 
German law. The company cooperates closely with its 
largest shareholder, DESY, a research centre of the 
Helmholtz Association, and with other organizations 
worldwide. The annual operation budget for the facility is 
approximately 141 million euro. The construction costs, 
including commissioning, amounted to 1.25 billion euro 
(at 2005 price levels). In 2022, the host country, Germany 
(federal government, city–state of Hamburg, and state of 
Schleswig-Holstein) covered 58% of the costs. Russia 
contributed 27%, and each of the other international 
shareholders between 1% and 3%. To a great extent,  
the European XFEL facility was realized by means of 
in-kind contributions by shareholders and partners.

Figure 1: Aerial view of the European XFEL facility. Left to right: Schenefeld, Osdorfer Born, and DESY-Bahrenfeld sites.

AT A GLANCEAT A GLANCE
The European XFEL is a research facility that opens 
up new research opportunities for science and 
industry. The 3.4 km long X-ray FEL generates ultra-
short X-ray flashes for photon science experiments 
with a peak brilliance that is a billion times higher than 
that of the best synchrotron X-ray radiation sources.



��Staff 9190 Annual Report 2022Facts and Figures

STAFFSTAFF
S�a�f de�e lopment

Gend¡r ratio

Full-time equivalents

C¼n tractsFunctiÉn s

100 

0 

200 

300 

400 

500 

600 

84 
61

150

271

Administrative staff

Engineers

Scientists

Technical staff

Regular staff

Guests

Students

Third-party funded

Apprentices

Interns

Scientists Engineers Administrative staff Technical staff

100 

150 

50 

0 

200 

300 

250 

CÌn tractual sÖa tus

ScientistsEngineersAdministrative staff Technical staff

0 

Female

Male

Regular staff

Third-party funded

Students

Interns

Graduants

Apprentices

100 

0 

200 

300 

400 

500 

Only actual  
European XFEL contracts432,13

O
ct

. 1
7

D
ec

. 1
7

Fe
b

. 1
8

A
p

r. 
18

Ju
n.

 1
8

A
ug

. 1
8

O
ct

. 1
8

D
ec

. 1
8

Fe
b

. 1
9

A
p

r. 
19

Ju
n.

 1
9

A
ug

. 1
9

O
ct

. 1
9

D
ec

. 1
9

Fe
b

. 2
0

A
p

r. 
20

Ju
n.

 2
0

A
ug

. 2
0

O
ct

. 2
0

D
ec

. 2
0

Fe
b

. 2
1

A
p

r. 
21

Ju
n.

 2
1

A
ug

. 2
1

O
ct

. 2
1

D
ec

. 2
1

Fe
b

. 2
2

A
p

r. 
22

Ju
n.

 2
2

A
ug

. 2
2

O
ct

. 2
2

D
ec

. 2
2

N
ov

. 1
5 

Ja
n.

 1
6

M
ar

. 1
6

M
ay

 1
6

Ju
l. 

16

S
ep

. 1
6

N
ov

. 1
6

Ja
n.

 1
7

M
ar

. 1
7

M
ay

 1
7

Ju
l. 

17

S
ep

. 1
7

N
ov

. 1
7

Ja
n.

 1
8

M
ar

. 1
8

M
ay

 1
8

Ju
l. 

18

S
ep

. 1
8

N
ov

. 1
8

Ja
n.

 1
9

M
ar

. 1
9

M
ay

 1
9

Ju
l. 

19

S
ep

 .1
9

N
ov

. 1
9

Ja
n.

 2
0

M
ar

. 2
0

M
ay

 2
0

Ju
l. 

20

S
ep

. 2
0

N
ov

. 2
0

Ja
n.

 2
1

M
ar

. 2
1

M
ay

 2
1

Ju
l. 

21

S
ep

. 2
1

N
ov

. 2
1

Ja
n.

 2
2

M
ar

. 2
2

M
ay

 2
2

Ju
l. 

22

S
ep

. 2
2

N
ov

. 2
2

Administrative staff

Engineers

Scientists

Technical staff

Total headcount 
including guests566

Managing directors

Permanent employees

Non-permanent employees

Students

Interns

Ph.D. students

Apprentices

Non-employee guests/delegates

Non-employee Ph.D. students

40%

60% 

20% 

80% 

100%

75%

14% 19.56% 16.39%

25%

86% 80.44% 83.61%
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(1)  Albania, Algeria, Arabian Republic of Syria, Austria, Azerbaijan, Bulgaria, Chile, Ecuador, Finland, Georgia, Ghana, Hungary,  

Kenya, Latvia, Lebanon, Malaysia, Philippines, Sudan, Thailand, The Netherlands, Venezuela, Vietnam, Yemen 

(2)  Canada, Indonesia, Jordan, Kazakhstan, New Zealand, Pakistan, Serbia, Switzerland

(3)  Bangladesh, Croatia, Egypt, Greece, Mexico, Romania

(1)  Algeria, Arabian Republic of Syria, Austria, Bulgaria, Canada, Chile, Georgia, Greece, Hungary, Indonesia, Jordan, Kazakhstan,  

Lebanon, New Zealand, Romania, Sudan, Switzerland, Thailand, Turkey, Vietnam, Yemen

(2)  Australia, Egypt

(3)  Czech Republic, Denmark, Portugal

All S�a�f Scientific S�a
fCitizenships  
in total

Double
citizenships 60 23 10Citizenships  

in total
Double
citizenships43

12

2 2 2 2 2 2 2
3

3 3 3 3

3

Armenia 

| 4

Australia | 4

Brazil | 4

Spain | 7 France | 7

Slovakia | 4 Iran | 6

USA 

| 5

South 

Korea 

| 5

Czech Republic 

| 4

Denmark | 4

Russia | 30

Germany | 258

Italy | 48

South Korea | 5Slovakia | 5

Brazil | 9

Poland | 13

Spain | 15 China | 17 India | 23 UK | 28

France | 11

Iran | 10 Ukraine | 10

Japan | 6

Portugal | 7Sweden | 8USA | 9

Turkey 

| 4

1 1 1 1 1 1 1 1 1 1 1 1
1 1

1
1 1

1 1 1 1 1 1223

3 3

1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1

Japan | 6 Poland | 6

Sweden | 8

China | 13India | 15

UK | 17

Italy | 28

Germany | 89

Russia | 21

Ukraine | 6
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SHAREHOLDERSSHAREHOLDERS

Organisation Chart

Denmark

France

Germany

Hungary

Italy

Poland

Russia

Spain

Sweden

Switzerland

United Kingdom

Slovakia

DAFHES (Danish Agency for Higher Education and Science)

CEA (Commissariat à l'énergie atomique et aux énergies alternatives)
CNRS (Centre national de la recherche scientifique)

DESY (Deutsches Elektronen-Synchrotron)

NRDI Office (National Research, Development and Innovation Office)

INFN (Istituto Nazionale di Fisica Nucleare)
CNR (Consiglio Nazionale delle Ricerche)

NCBJ (National Centre for Nuclear Research)

NRC KI (National Research Centre “Kurchatov Institute”)

Kingdom of Spain

VR (Swedish Research Council)

Swiss Confederation

UKRI (UK Research and Innovation)

Slovak Republic

European XFEL is organized as a non-profit company with limited liability under 
German private law (GmbH) that has international shareholders. 

Member states Present (bold) or likely shareholders of the European XFEL GmbH
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Maria Faury until 30 June 2022 (CEA, Paris) 
Federico Boscherini as of 1 July 2022 (University of Bologna)

Martin Meedom Nielsen until 30 June 2022 (DTU, Kongens Lyngby) 
James Naismith as of 1 July 2022 (Rosalind Franklin Institute, Didcot)

Malte Laub (European XFEL, Schenefeld, Germany)

Friederike Itzen (European XFEL, Schenefeld, Germany)

Martin Meedom Nielsen as of 1 July 2022 (DTU, Kongens Lyngby)
Morten Scharff (DAFHES, Copenhagen)

Guadalupe C. de Córdoba Lasunción (Ministerio de Ciencia e Innovación, 
Madrid)
Rodolfo Miranda (IMDEA Nanociencia / Universidad Autónoma de Madrid)

Sylvain Ravy (CNRS, Paris)
Marie-Hélène Mathon until 30 June 2022 (CEA, Paris)
Maria Faury as of 1 July 2022 (CEA, Paris)

Volkmar Dietz (BMBF, Bonn)
Helmut Dosch (DESY, Hamburg)

Györgyi Juhász (National Research, Development and Innovation Office, 
Budapest)
György Vankó (Wigner Research Centre for Physics, Budapest)

Carlo Pagani (INFN, Milan)
Corrado Spinella (CNR, Rome)

Mateusz Gaczyński (Ministry of Education and Science, Warsaw)
Ryszard Sobierajski (Institute of Physics PAS, Warsaw)

Mikhail Kovalchuk (NRC KI, Moscow)
Alexander Blagov / Mikhail Polyakov (NRC KI, Moscow)

Karel Saksl (Institute of Materials Research, SAS, Košice)
Pavol Sovák (P.J. Šafárik University, Košice)

Lars Börjesson until 15 September 2022 (Chalmers University of  
Technology, Gothenburg)
Johan Holmberg (VR, Stockholm)

Helen Beadman (UKRI, Swindon)
James Naismith until 30 June 2022 (Rosalind Franklin Institute, Didcot)
Jon Marangos as of 1 July 2022 (Imperial College London)

Gabriel Aeppli (PSI, Villigen)
Laurent Salzarulo (SERI, Bern)

DENMARK

SPAIN

FRANCE

GERMANY

HUNGARY

ITALY

POLAND

RUSSIA

SLOVAKIA 

SWEDEN

UNITED 
KINGDOM

SWITZER-
LAND

Chairperson

Vice Chairperson

Secretary

Vice Secretary

Advisors

Delegates

Observers

The European XFEL Council is the supreme organ of the company in which up to two delegates represent the share-
holders of each member state. The Council meets at least twice a year. It functions as the shareholder assembly that 
decides important issues of company policy. 

Marie-Hélène Mathon as of 1 July 2022 (CEA, Paris)

Christian Harringa / Wim Leemans (DESY, Hamburg) 
Andreas Zöller as of 13 June 2022 (BMBF, Bonn)

Federico Boscherini until 30 June 2022 (University of Bologna)
Alberto Morgante as of 1 July 2022 (University of Trieste and IOM-CNR, 
Trieste)
Daniele Sertore (INFN, Milan)

Zbigniew Gołębiewski until 30 June 2022 (NCBJ, Otwock-Świerk)
Dagmara Milewska as of 1 July 2022 (NCBJ, Otwock-Świerk)
Tomasz Leżański (NCBJ, Otwock-Świerk)

Martin Šponiar (Ministry of Education, Science, Research and Sport, 
Bratislava)

Doris Wohlfender-Bühler (SERI, Bern)

Rachel Reynolds (UKRI, Swindon)

Lars Börjesson as of 16 September 2022 (Chalmers University of 
Technology, Gothenburg)
Maja Hellsing as of 16 September 2022 (VR, Stockholm)

FRANCE

GERMANY

ITALY 

POLAND

SLOVAKIA

SWITZERLAND

UNITED  
KINGDOM 

SWEDEN

European XFEL Council

MANAGEMENT, COUNCIL, 
AND COMMITTEES
MANAGEMENT, COUNCIL, 
AND COMMITTEES



õö

Administrati
e  and Finan�e  Commi�tee

9998 Annual Report 2022Facts and FiguresManagement, Council, and Committees

Robert Feidenhans’l Serguei Molodtsov
Sakura Pascarelli
Thomas Tschentscher

Nicole Elleuche

Chairperson and 
Managing Director

Scientific Directors 
and Proxy Holders

Administrative 
and Managing 
Director

The European XFEL Management Board is composed of its chairperson and the administrative director, both acting as 
managing directors, and three scientific directors, all acting as proxy holders.

Management Board

Sabine Carl (BMBF, Bonn, Germany)

Evgeny Levichev from 24 October 2021 (BINP, Novosibirsk, Russia) 

Michał Wójtowicz (NCBJ, Otwock-Świerk, Poland)

Morten Scharff (DAFHES, Copenhagen)

Evgeny Levichev (BINP, Novosibirsk, Russia)
Franz-Josef Decker (SLAC, Menlo Park, California, USA)
Luca Giannessi (Elettra Sincrotrone Trieste, Italy)
Thomas Schilcher (PSI, Villigen, Switzerland)
Catherine Madec (CEA, Paris, France)
Andrzej Wolski (University of Liverpool, UK)
Fernando Sannibale (LBNL, Berkeley, California, USA)
Atoosa Mesek (HZB, Berlin, Germany)
Nicolas Leclercq (ESRF, Grenoble, France)
Sara Thorin (MAX IV, Lund, Sweden)

Pavol Sovák (P.J. Šafárik University, Košice) 
Martin Šponiar (Ministry of Education, Science, Research and Sport, 
Bratislava)

Maja Hellsing (VR, Stockholm)

Peter Allenspach (PSI, Villigen) 
Doris Wohlfender-Bühler (SERI, Bern)

Rachel Reynolds (STFC, Swindon) 

Philippe Sassier (CEA, Paris) 
Stéphanie Dupuis-Lê Vàn (DSFIM, Paris)

Christian Harringa (DESY, Hamburg) 
Konstantin Ott until 31 March 2022 (BMBF, Bonn)
Andreas Zöller as of 1 April 2022 (BMBF, Bonn)

Györgyi Kolossváryné Juhász (NKFIH, Budapest)

Veronica Buccheri (INFN, Rome) 
Antonella Tajani (CNR, Rome)

Michał Rybiński (Ministry of Science and Higher Education, Warsaw)

Valeriy Nosik (NRC KI, Moscow)

DENMARK

FRANCE

Chairperson

Chairperson

Vice Chairperson

Delegates

Members

The Administrative and Finance Committee (AFC) is a committee of the European XFEL Council. It is charged with 
advising the Council on all matters of administrative issues and of financial management. The shareholders of each  
contracting party have a maximum of two representatives to the AFC. The chairperson and the vice chairperson of 
the AFC are appointed by the Council for a fixed period of two years. 

The Machine Advisory Committee (MAC) advises the European XFEL Council and the Management Board in matters of 
fundamental importance to the accelerator complex.

GERMANY

HUNGARY

ITALY

POLAND

RUSSIA

SLOVAKIA 

SWEDEN

Uta Sprenger (European XFEL, Schenefeld, Germany)

Deike Pahl (European XFEL, Schenefeld, Germany)

UNITED 
KINGDOM

SWITZER-
LAND

Secretary

Vice Secretary

Ma+h ine Advisory Commi<tee
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Claudio Masciovecchio as of 21 November 2021 (Elettra Sincrotrone Trieste, Italy)

Gabriella Carini (BNL, Upton, New York, USA)

Olga Alekseeva until 26 June 2022 (IC RAS, Moscow, Russia)
Guillaume Fiquet until 27 January 2022 (IMPMC, Paris, France)
Elspeth Garman (University of Oxford, UK)
Steve Johnson (ETH, Zürich, Switzerland)
Henrik Lemke (PSI, Villigen, Switzerland)
Anne l’Huillier (Lund University, Sweden)
Arwen Pearson (Universität Hamburg, Germany)
Alexander Popov (ESRF, Grenoble, France)
Philippe Wernet (Uppsala University, Sweden)
Robert W. Schoenlein (SLAC, Menlo Park, California, USA)
Nina Rohringer (DESY, Hamburg, Germany)
Ian Robinson (UCL, London, UK)
Jan Lüning as of 18 November 2021 (HZB, Berlin, Germany)
Tim Salditt as of 18 November 2021 (Georg-August-University Göttingen, Germany)
Paul Loubeyre as of 17 November 2022 (CEA/DIF, Arpajon, France)
Amina Taleb-Ibrahimi as of 17 November 2022 (CNRS - Synchrotron SOLEIL, 
Saint-Aubin, France)

Michael Krumrey (PTB, Berlin, Germany)
Mark W. Tate (Cornell University, Ithaca, New York, USA)
Matthew Wing (UCL, London, UK)
Darren Spruce (MAX IV, Lund, Sweden)

Branden Allen (Harvard College Observatory, Cambridge, Massachusetts, USA)
Paula Collins (CERN, Meyrin, Switzerland)
Andy Götz (ESRF, Grenoble, France)
Rob Halsall (STFC, Swindon, UK)
Mark Heron (Diamond Light Source, Oxford, UK)
Roland Horisberger (PSI, Villigen, Switzerland)

Gianluca Geloni (European XFEL, Schenefeld, Germany)

Chairperson

Chairwoman 

Members

Members

Secretary

The Scientific Advisory Committee (SAC) advises the European XFEL Council and the Management Board in scientific 
matters of fundamental importance. The SAC provides recommendations on all scientific, technical, and policy issues 
that bear on a successful buildup of the scientific capacity of the European XFEL facility, its full and effective utilization, 
and future developments required to maintain the scientific and technical productivity of the facility at the highest 
possible level.

The Detector Advisory Committee (DAC) for the European XFEL advises the SAC and, by extension, the company  
in all matters regarding the development of detectors needed to exploit the unique science opportunities of the facility.

Scientific Advisory CommiVtee

Detector Advisory Commintee

Jonathan Zuegel (University of Rochester, New York, USA)

Miltcho Danailov (Elettra Sincrotrone Trieste, Italy)
Thomas Dekorsy (DLR, Stuttgart, Germany)
Alan Fry (SLAC, Menlo Park, California, USA)
Catherine Le Blanc (Laboratoire LULI, Ecole Polytechnique, France)
Emma Springate (STFC Rutherford Appleton Laboratory, Didcot, UK) 
Clara Saraceno as of February 2022 (Ruhr University Bochum, Germany)

Nele Müller until 30 June 2022 (DESY, Hamburg, Germany)
Jörg Hallmann (European XFEL, Schenefeld, Germany)
Karolin Baev as of 1 July 2022 (DESY, Hamburg, Germany)

Chairperson

Members

Secretaries

The Laser Advisory Committee (LAC) advises the European XFEL Management Board, the DESY Directorate, and their 
relevant science committees in matters of research, development, and construction of the high-repetition-rate burst-
mode laser systems used at the FLASH and European XFEL facilities.

Since a common technology platform is envisioned for these laser systems, DESY and European XFEL have decided  
to collaborate closely in their laser research and development efforts and to establish a common laser platform to which 
both institutes contribute. The committee consists of scientists not directly involved in the development activities.

Lastr Advisory Commi�tee
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Shin-ichi Adachi (KEK, Tsukuba, Japan)
Frank de Groot (Utrecht University, The Netherlands)
Thomas Elsässer (MBI, Berlin, Germany)
Paola Luches (Istituto di Nanoscienze, National Research Council, Modena, Italy)
James McCusker (Michigan State University, East Lansing, USA)
Jakub Szlachetko (SOLARIS, Kraków, Poland)
György Vankó (Wigner Research Centre for Physics, Budapest, Hungary)
Julia Weinstein (University of Sheffield, UK)
Philippe Wernet (Uppsala University, Sweden)

Michael Armstrong (LLNL, Livermore, California, USA)
Alessandra Benuzzi (LULI, Palaiseau, France)
Zahirul Islam (ANL, Lemont, Illinois, USA)
Paul Loubeyre (CEA, Arpajon, France)
Stuart Mangles (Imperial College London, UK)
Paul Neumayer (GSI, Darmstadt, Germany)
Luca Volpe (Centro de Láseres Pulsados, CLPU, Salamanca, Spain)

Members 

Members 

Michael Wulff  
(ESRF, Grenoble, France)

Wojciech Gawelda (Universidad 
Autónoma de Madrid, Spain)

Chairman Vice 
Chairman

Vice 
Chairman

Vice 
Chairman

Access to beamtime for non-proprietary research at European XFEL is granted on the basis of peer review of scientific 
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PUBLICATIONSPUBLICATIONS

Automatic bad-pixel mask maker for X-ray pixel 
detectors with application to serial crystallography
A. Sadri et al.: J. Appl. Cryst. 55 (6), 1549–1561 (2022)
doi:10.1107/S1600576722009815

Co-flow injection for serial crystallography at X-ray 
free-electron lasers
D. Doppler et al.: J. Appl. Crystallogr. 55 (1), 1–13 (2022)
doi:10.1107/S1600576721011079

Coulomb explosion imaging of small polyatomic 
molecules with ultrashort x-ray pulses
X. Li et al.: Phys. Rev. Research 4 (1), 013029 (2022)
doi:10.1103/PhysRevResearch.4.013029

De novo determination of mosquitocidal Cry11Aa and 
Cry11Ba structures from naturally-occurring nano-
crystals
G. Tetreau et al.: Nat. Commun. 13 (1), 4376 (2022)
doi:10.1038/s41467-022-31746-x

Direct LiF imaging diagnostics on refractive X-ray 
focusing at the EuXFEL High Energy Density  
instrument
S. Makarov et al.: J. Synchrotron Radiat. 30 (1), 1–9 (2022)
doi:10.1107/S1600577522006245

Ghost-imaging-enhanced noninvasive spectral 
characterization of stochastic x-ray free-electron-
laser pulses
K. Li et al.: Commun. Phys. 5 (1), 191 (2022)
doi:10.1038/s42005-022-00962-8

Investigating charge-up and fragmentation dynamics 
of oxygen molecules after interaction with strong 
X-ray free-electron laser pulses
G. Kastirke et al.: Phys. Chem. Chem. Phys. 24 (44), 
27121–27127 (2022)
doi:10.1039/D2CP02408J

Megahertz pulse trains enable multi-hit serial femto-
second crystallography experiments at X-ray free 
electron lasers
S. Holmes et al.: Nat. Commun. 13 (1), 4708 (2022)
doi:10.1038/s41467-022-32434-6

Megahertz-rate ultrafast X-ray scattering and holo-
graphic imaging at the European XFEL
N.Z. Hagström et al.: J. Synchrotron Rad. 29 (6), 1454–
1464 (2022)
doi:10.1107/S1600577522008414

Nonequilibrium sub–10 nm spin-wave soliton forma-
tion in FePt nanoparticles
D. Turenne et al.: Sci. Adv. 8 (13), eabn0523 (2022)
doi:10.1126/sciadv.abn0523

Resolving molecular diffusion and aggregation of 
antibody proteins with megahertz X-ray free-electron 
laser pulses
M. Reiser et al.: Nat. Commun. 13 (1), 5528 (2022)
doi:10.1038/s41467-022-33154-7

Resonance-enhanced x-ray multiple ionization of a 
polyatomic molecule
X. Li et al.: Phys. Rev. A 105 (5), 053102 (2022)
doi:10.1103/PhysRevA.105.053102

Structural and electron spin state changes in an x-ray 
heated iron carbonate system at the Earth’s lower 
mantle pressures
J.M. Kaa et al.: Phys. Rev. Research 4 (3), 033042 (2022)
doi:10.1103/PhysRevResearch.4.033042

Symmetry-dependent ultrafast manipulation of 
nanoscale magnetic domains
N.Z. Hagström et al.: Phys. Rev. B 106, 224424 (2022)
doi:10.1103/PhysRevB.106.224424

Towards perfectly linearly polarized x-rays
K.S. Schulze et al.: Phys. Rev. Research 4 (1), 013220 
(2022)
doi:10.1103/PhysRevResearch.4.013220

Unsupervised learning approaches to characterizing 
heterogeneous samples using X-ray single-particle 
imaging
Y. Zhuang et al.: IUCrJ 9 (2), it5025 (2022)
doi:10.1107/S2052252521012707

3D printed devices and infrastructure for liquid sample 
delivery at the European XFEL
M. Vakili et al.: J. Synchrotron Radiat. 29 (2), 1–16 (2022)
doi:10.1107/S1600577521013370

A localized view on molecular dissociation via 
electron-ion partial covariance
F. Allum et al.: Commun. Chem. 5 (1), 1 (2022)
doi:10.1038/s42004-022-00656-w

A measurement of the K+→π+μ+μ−  decay
E. Cortina Gil et al.: J. High Energy Phys. 2022, 11 (2022)
doi:10.1007/JHEP11(2022)011

A multi-million image Serial Femtosecond Crystal
lography dataset collected at the European XFEL
H. Kirkwood et al.: Sci. Data 9 (1), 161 (2022)
doi:10.1038/s41597-022-01266-w

A new route for enantio-sensitive structure 
determination by photoelectron scattering on 
molecules in the gas phase
K. Fehre et al.: Phys. Chem. Chem. Phys. 24 (43), 
26458–26465 (2022)
doi:10.1039/D2CP03090J

A unique network of attack, defence and competence 
on the outer membrane of the periodontitis pathogen 
Tannerella forsythia
M. Książek et al.: Chem. Sci. 14 (4), 869–888 (2022)
doi:10.1039/D2SC04166A

Absolute keV x-ray yield and conversion efficiency in 
over dense Si sub-petawatt laser plasma
S.N. Ryazantsev et al.: Plasma Phys. Controlled Fusion 64 
(10), 105016 (2022)
doi:10.1088/1361-6587/ac8b33

Accurate temperature diagnostics for matter under 
extreme conditions
T. Dornheim et al.: Nat. Commun. 13, (2022)
doi:10.1038/s41467-022-35578-7

Angular structure factor of the hexatic-B liquid 
crystals: bridging theory and experiment
I.A. Zaluzhnyy et al.: Soft Matter 18, 783–792 (2022)
doi:10.1039/D1SM01446C

Angular X-ray cross-correlation analysis applied to the 
scattering data in 3D reciprocal space from a single 
crystal
D. Lapkin et al.: IUCrJ 9 (4), 425–438 (2022)
doi:10.1107/S2052252522004250

Antiviral activity of natural phenolic compounds in 
complex at an allosteric site of SARS-CoV-2 papain-
like protease
V. Srinivasan et al.: Commun. Biol. 5 (1), 805 (2022)
doi:10.1038/s42003-022-03737-7

Approaching the Attosecond Frontier of Dynamics in 
Matter with the Concept of X-ray Chronoscopy
W. Błachucki et al.: Appl. Sci. 12 (3), 1721 (2022)
doi:10.3390/app12031721

Assessing the correlated electronic structure of 
lanthanum nickelates
F. Lechermann: Electron. Struct. 4 (1), 015005 (2022)
doi:10.1088/2516-1075/ac5c6a

Biosynthesis of silver nanoparticles using extracts of 
Stevia rebaudiana and evaluation of antibacterial 
activity
M. Timotina et al.: World J. Microbiol. Biotechnol. 38 (11), 
196 (2022)
doi:10.1007/s11274-022-03393-3

Cavitation erosion by shockwave self-focusing of a 
single bubble
F. Reuter et al.: Ultrason. Sonochem. 90, 106131 (2022)
doi:10.1016/j.ultsonch.2022.106131

Charge-induced chemical dynamics in glycine probed 
with time-resolved Auger electron spectroscopy
D. Schwickert et al.: Struct. Dyn. 9 (6), 064301 (2022)
doi:10.1063/4.0000165

Coexisting charge density wave and ferromagnetic 
instabilities in monolayer InSe
E.A. Stepanov et al.: npj Comput. Mater. 8 (1), 118 (2022)
doi:10.1038/s41524-022-00798-4

Us)r publicati3n s

S5a6f publicati@n s

X-ray diffractive imaging of highly ionized helium 
nanodroplets
A.J. Feinberg et al.: Phys. Rev. Research 4 (2), L022063 
(2022)
doi:10.1103/PhysRevResearch.4.L022063

X-ray multiphoton-induced Coulomb explosion images 
complex single molecules
R. Boll et al.: Nat. Phys. 18, 423–428 (2022)
doi:10.1038/s41567-022-01507-0
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Hydrazones and Thiosemicarbazones Targeting 
Protein-Protein-Interactions of SARS-CoV-2 Papa-
in-like Protease
W. Ewert et al.: Front. Chem. 10 (2022)
doi:10.3389/fchem.2022.832431

In situ x-ray diffraction study of dynamically com-
pressed α -cristobalite using a dynamic diamond anvil 
cell
M.O. Schoelmerich et al.: Phys. Rev. B 105 (6), 064109 
(2022)
doi:10.1103/PhysRevB.105.064109

Influence of an atomic resonance on the coherent 
control of the photoionization process
E.V. Gryzlova et al.: Phys. Rev. Research 4 (3), 033231 
(2022)
doi:10.1103/PhysRevResearch.4.033231

Influence of the emission site on the photoelectron 
circular dichroism in trifluoromethyloxirane
K. Fehre et al.: Phys. Chem. Chem. Phys. 24 (22), 
13597–13604 (2022)
doi:10.1039/D2CP00143H

Inhibition of current-spike formation based on longitu-
dinal phase space manipulation for high-repetition-
rate X-ray FEL
Z. Zhu et al.: Nucl. Instrum. Methods Phys. Res., Sect. A 
1026, 166172 (2022)
doi:10.1016/j.nima.2021.166172

Ion and Electron Momentum Distributions from Single 
and Double Ionization of Helium Induced by Compton 
Scattering
M. Kircher et al: Phys. Rev. Lett. 128 (5), 053001 (2022)
doi:10.1103/PhysRevLett.128.053001

Laser-induced patterning for a diffraction grating 
using the phase change material of Ge2Sb2Te5 (GST) 
as a spatial light modulator in X-ray optics: a proof of 
concept
J. Park et al.: Opt. Mater. Express 12 (4), 1408–1416 
(2022)
doi:10.1364/OME.451534

Lifetime of quasiparticles in the nearly free electron 
metal sodium
D. Potorochin et al.: Phys. Rev. B 106 (12), 125138 (2022)
doi:10.1103/PhysRevB.106.125138

Light-Induced Magnetization at the Nanoscale
J. Wätzel et al.: Phys. Rev. Lett. 128 (15), 157205 (2022)
doi:10.1103/PhysRevLett.128.157205

Diffraction imaging of light induced dynamics in 
xenon-doped helium nanodroplets
B. Langbehn et al.: New J. Phys. 24 (11), 113043 (2022)
doi:10.1088/1367-2630/aca176

Dynamical Mean Field Studies of Infinite Layer 
Nickelates: Physics Results and Methodological 
Implications
H. Chen et al.: Front. Phys. 10, 835942 (2022)
doi:10.3389/fphy.2022.835942

Dynamics and mechanism of a light-driven chloride 
pump
S. Mous et al.: Science 375 (6583), 845–851 (2022)
doi:10.1126/science.abj6663

Electrically stimulated droplet injector for reduced 
sample consumption in serial crystallography
M. Sonker et al.: Biophys. Rep. 2 (4), 100081 (2022)
doi:10.1016/j.bpr.2022.100081

Energy scaling of carrier-envelope-phase-stable 
sub-two-cycle pulses at 1.76 µm from hollow-core-fib-
er compression to 1.9 mJ
K.S. Zinchenko et al.: Opt. Express 30 (13), 22376 (2022)
doi:10.1364/OE.457477

Erratum: Development of data correction for the 1M 
Large Pixel Detector at the EuXFEL
R. Wheater et al.: JINST 17 (09), E09001 (2022)
doi:10.1088/1748-0221/17/04/P04013

Expected resolution limits of x-ray free-electron laser 
single-particle imaging for realistic source and 
detector properties
J. E et al.: Struct. Dyn. 9 (6), 064101 (2022)
doi:10.1063/4.0000169

Extreme Ultraviolet Wave Packet Interferometry of the 
Autoionizing HeNe Dimer
D. Uhl et al.: J. Phys. Chem. Lett. 13 (36), 8470–8476 
(2022)
doi:10.1021/acs.jpclett.2c01619

FEL Pulse Duration Evolution along Undulators at 
FLASH
M.M. Bidhendi et al.: Appl. Sci. 12 (14), 7048 (2022)
doi:10.3390/app12147048

Femtosecond x-ray diffraction study of multi-THz 
coherent phonons in SrTiO3

R. Shayduk et al.: Appl. Phys. Lett. 120 (20), 202203 
(2022)
doi:10.1063/5.0083256

First Observation of New Flat Line Fano Profile via an 
X-Ray Planar Cavity
Z.-R. Ma et al.: Phys. Rev. Lett. 129, 231602 (2022)
doi:10.1103/PhysRevLett.129.213602

Following excited-state chemical shifts in molecular 
ultrafast x-ray photoelectron spectroscopy
D. Mayer et al.: Nat. Commun. 13, 198 (2022)
doi:10.1038/s41467-021-27908-y

Fragmentation Dynamics of Fluorene Explored Using 
Ultrafast XUV-Vis Pump-Probe Spectroscopy
D. Garg et al.: Front. Phys. 10, 880793 (2022)
doi:10.3389/fphy.2022.880793

Gaussian random field generator for simulating 
partially coherent undulator radiation
A. Trebushinin et al.: Optica 9 (8), 842–852 (2022)
doi:10.1364/OPTICA.460902

Generation of vortex particles via generalized meas-
urements
D.V. Karlovets et al.: Eur. Phys. J. C 82 (11), 1008 (2022)
doi:10.1140/epjc/s10052-022-10991-w

Hard X-Ray Hartmann Wavefront Sensor for Beamline 
Optimization
O. de La Rochefoucauld et al.: Synchrotron Radiat. News 
35 (2), 3–7 (2022)
doi:10.1080/08940886.2022.2058303

High harmonic generation in mixed XUV and NIR fields 
at a free-electron laser
J. Troß et al.: J. Opt. 24 (2), 025502 (2022)
doi:10.1088/2040-8986/ac4318

High-resolution electron time-of-flight spectrometers 
for angle-resolved measurements at the SQS  
Instrument at the European XFEL
A. De Fanis et al.: J. Synchrotron Rad. 29 (3), 755–764 
(2022)
doi:10.1107/S1600577522002284

High-temporal-resolution X-ray spectroscopy with 
free-electron and optical lasers
D.E. Rivas et al.: Optica 9 (4), 429–430 (2022)
doi:10.1364/OPTICA.454920

Hole Dynamics in Photoexcited Hematite Studied with 
Femtosecond Oxygen K-edge X-ray Absorption 
Spectroscopy
Y. Uemura et al.: J. Phys. Chem. Lett. 13 (19), 4207–4214 
(2022)
doi:10.1021/acs.jpclett.2c00295

Combining two-photon photoemission and transient 
absorption spectroscopy to resolve hot carrier cooling 
in 2D perovskite single crystals: the effect of surface 
layer
W. Lin et al.: J. Mater. Chem. C C10 (44), 16751–16760 
(2022)
doi:10.1039/D2TC03111F

Corrigendum to ultrafast anisotropic disordering in 
graphite driven by intense hard X-ray pulses
N. Hartley et al.: High Energy Density Phys. 32, 101022 
(2022)
doi:10.1016/j.hedp.2022.101022

Crystal structure report of the ImmR transcriptional 
regulator DNA-binding domain of the Bacillus subtilis 
ICEBs1 transposon
R. Caliandro et al.: Sci. Rep. 12, 5258 (2022)
doi:10.1038/s41598-022-09237-2

Current advances on Talbot–Lau x-ray imaging 
diagnostics for high energy density experiments 
(invited)
M.P. Valdivia et al.: Rev. Sci. Instrum. 93 (11), 115102 
(2022)
doi:10.1063/5.0101865

Deciphering Photochemical Reaction Pathways of 
Aqueous Tetrachloroauric Acid by X-ray Transient 
Absorption Spectroscopy
X. Liu et al.: J. Phys. Chem. Lett. 13 (38), 8921–8927 
(2022)
doi:10.1021/acs.jpclett.2c02335

Density functional tight binding approach utilized to 
study X-ray-induced transitions in solid materials
V. Lipp et al.: Sci. Rep. 12 (1), 1551 (2022)
doi:10.1038/s41598-022-04775-1

Design and performance of a dedicated coherent 
X-ray scanning diffraction instrument at beamline 
NanoMAX of MAX IV
D. Carbone et al.: J. Synchrotron Radiat. 29 (3), 876–887 
(2022)
doi:10.1107/S1600577522001333

Development of a photoelectron spectrometer for 
hard x-ray photon diagnostics
J. Laksman et al.: Rev. Sci. Instrum. 93 (11), 115111 (2022)
doi:10.1063/5.0097525

Development of data correction for the 1M Large Pixel 
Detector at the EuXFEL
R. Wheater et al.: J. Instrum. 17 (04), P04013 (2022)
doi:10.1088/1748-0221/17/04/P04013
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Reverse-engineering method for XPCS studies of 
non-equilibrium dynamics
A. Ragulskaya et al.: IUCrJ 9 (4), 439–448 (2022)
doi:10.1107/S2052252522004560

Shot-by-shot 250 kHz 3D ion and MHz photoelectron 
imaging using Timepix3
H. Bromberger et al.: J. Phys. B: At. Mol. Opt. Phys. 51, 
144001 (2022)
doi:10.1088/1361-6455/ac6b6b

Shot-to-shot flat-field correction at X-ray free-elec-
tron lasers
K. Buakor et al.: Opt. Express 30 (7), 10633–10644 (2022)
doi:10.1364/OE.451914

Shot-to-shot two-dimensional photon intensity 
diagnostics within megahertz pulse-trains at the 
European XFEL
T.W. Guest et al.: J. Synchrotron Radiat. 29 (4), 939–946 
(2022)
doi:10.1107/S1600577522005720

Single-shot transverse coherence in seeded and 
unseeded free-electron lasers: A comparison
M. Pop et al.: Phys. Rev. Accel. Beams 25 (4), 040701 
(2022)
doi:10.1103/PhysRevAccelBeams.25.040701

Skopi: a simulation package for diffractive imaging of 
noncrystalline biomolecules
A. Peck et al.: J. Appl. Crystallogr. 55 (4), 1002–1010 (2022)
doi:10.1107/S1600576722005994

Spin dynamics of itinerant electrons: Local magnetic 
moment formation and Berry phase
E.A. Stepanov et al.: Phys. Rev. B 105 (15), 155151 (2022)
doi:10.1103/PhysRevB.105.155151

State of LiFePO4 Li-Ion Battery Electrodes after 6533 
Deep-Discharge Cycles Characterized by Combined 
Micro-XRF and Micro-XRD
U. Boesenberg et al.: ACS Appl. Energy Mater. 5 (4), 
4358–4368 (2022)
doi:10.1021/acsaem.1c03966

State-resolved ultrafast charge and spin dynamics in 
[Co/Pd] multilayers
L. Le Guyader et al.: Appl. Phys. Lett. 120 (3), 032401 (2022)
doi:10.1063/5.0076953

Structural changes across thermodynamic maxima in 
supercooled liquid tellurium: A water-like scenario
P. Sun et al.: PNAS 119 (28), e2202044119 (2022)
doi:10.1073/pnas.2202044119

Observation of Rabi dynamics with a short-wave-
length free-electron laser
S. Nandi et al.: Nature 608 (7923), 488–493 (2022)
doi:10.1038/s41586-022-04948-y

Observations of phase changes in monoolein during 
high viscous injection
D.J. Wells et al.: J. Synchrotron Radiat. 29 (3), 602–614 
(2022)
doi:10.1107/S1600577522001862

Off-harmonic optical probing of high intensity laser 
plasma expansion dynamics in solid density hydrogen 
jets
C. Bernert et al.: Sci. Rep. 12 (1), 7287 (2022)
doi:10.1038/s41598-022-10797-6

Optimization and stability analysis of the cascaded 
EEHG-HGHG free-electron laser
H. Yang et al.: Nucl. Instrum. Methods Phys. Res., Sect. A 
1039, 167065 (2022)
doi:10.1016/j.nima.2022.167065

Optimizing the quasi-equilibrium state of hot carriers 
in all-inorganic lead halide perovskite nanocrystals 
through Mn doping: fundamental dynamics and device 
perspectives
J. Meng et al.: Chem. Sci. 13 (6), 1734–1745 (2022)
doi:10.1039/D1SC05799E

Performance of a cryo-cooled crystal monochromator 
illuminated by hard X-rays with MHz repetition rate at 
the European X-ray Free-Electron Laser
I. Petrov et al.: Opt. Express 30 (4), 4978–4987 (2022)
doi:10.1364/OE.451110

Phonon-Dominated Energy Transport in Purely 
Metallic Heterostructures
M. Herzog et al.: Adv. Funct. Mater. 2022, 2206179 (2022)
doi:10.1002/adfm.202206179

Photo-Controlled Dynamics and Transport in Entan-
gled Wormlike Micellar Nanocomposites Studied by 
XPCS
M. Reiser et al.: Macromolecules 55 (19), 8757–8765 
(2022)
doi:10.1021/acs.macromol.2c01326

Photoactivation of triosmium dodecacarbonyl at 400 
nm probed with time-resolved X-ray liquidography
H. Ki et al.: Chem. Commun. 58, 7380–7383 (2022)
doi:10.1039/D2CC02438A

Photochemical Ring-Opening Reaction of 1,3- 
Cyclohexadiene: Identifying the True Reactive State
O. Travnikova et al.: J. Am. Chem. Soc. 144 (48), 21878–
21886 (2022)
doi:10.1021/jacs.2c06296

Photoelectron energy peaks shift against the radiation 
pressure in strong-field ionization
K. Lin et al.: Sci. Adv. 8 (12), eabn7386 (2022)
doi:10.1126/sciadv.abn7386

Potential of Time-Resolved Serial Femtosecond Crystal-
lography Using High Repetition Rate XFEL Sources
R. de Wijn et al.: Appl. Sci. 12 (5), 2551 (2022)
doi:10.3390/app12052551

Probing the dissipation process via a Fano resonance 
and collective effects in an x-ray cavity
T.-J. Li et al.: Phys. Rev. Research 4, 023081 (2022)
doi:10.1103/PhysRevResearch.4.023081

Pump–probe capabilities at the SPB/SFX instrument 
of the European XFEL
J.C.P. Koliyadu et al.: J. Synchrotron Radiat. 29 (5), (2022)
doi:10.1107/S1600577522006701

Quantum coherent energy transport in the Fenna–
Matthews–Olson complex at low temperature
H.-G. Duan et al.: PNAS 119 (49), (2022)
doi:10.1073/pnas.2212630119

Quasifree Photoionization under the Reaction 
Microscope
S. Grundmann et al.: Atoms 10 (3), 68 (2022)
doi:10.3390/atoms10030068

Real-time spatial characterization of micrometer-
sized X-ray free-electron laser beams focused by 
bendable mirrors
G. Mercurio et al.: Opt. Express 30 (12), 20980 (2022)
doi:10.1364/OE.455948

Recovery of release cloud from laser shock-loaded 
graphite and hydrocarbon targets: in search of 
diamonds
A.K. Schuster et al.: J. Phys. D: Appl. Phys. 56 (2), 025301 
(2022)
doi:10.1088/1361-6463/ac99e8

Resolving Femtosecond Solvent Reorganization 
Dynamics in an Iron Complex by Nonadiabatic  
Dynamics Simulations
D. Bregenholt Zederkof et al.: J. Am. Chem. Soc. 144 (28), 
12861–12873 (2022)
doi:10.1021/jacs.2c04505

Magnetic field reconstruction using the pulsed wire 
method: An accuracy analysis
J.E. Baader et al.: Measurement 193, 110873 (2022)
doi:10.1016/j.measurement.2022.110873

Magnetic-Field Effect as a Tool to Investigate Electron 
Correlation in Strong-Field Ionization
K. Lin et al.: Phys. Rev. Lett. 128 (11), 113201 (2022)
doi:10.1103/PhysRevLett.128.113201

Measurement of the cross-section ratio σψ(2S)/
σJ/ψ(1S) in exclusive photoproduction at HERA
I. Abt et al.: J. High Energy Phys. 2022 (12), (2022)
doi:10.1007/JHEP12(2022)164

Mechanisms of membrane protein crystallization in 
‘bicelles’
T.N. Murugova et al.: Sci. Rep. 12 (1), 11109 (2022)
doi:10.1038/s41598-022-13945-0

Metastable structure of photoexcited WO3 determined 
by the pump-probe extended X-ray absorption fine 
structure spectroscopy and constrained thorough 
search analysis
D. Kido et al.: Chem. Lett. 51 (11), 1083–1086 (2022)
doi:10.1246/cl.220381

Modeling of ultrafast X-ray induced magnetization 
dynamics in magnetic multilayer systems
K.J. Kapcia et al.: npj Comput. Mater. 8 (1), 212 (2022)
doi:10.1038/s41524-022-00895-4

Multi-band D-TRILEX approach to materials with 
strong electronic correlations
M. Vandelli et al.: SciPost Phys. 13 (2), 036 (2022)
doi:10.21468/SciPostPhys.13.2.036

Nanoscale subsurface dynamics of solids upon 
high-intensity femtosecond laser irradiation observed 
by grazing-incidence x-ray scattering
L. Randolph et al.: Phys. Rev. Research 4 (3), 033038 
(2022)
doi:10.1103/PhysRevResearch.4.033038

Nonequilibrium sub–10 nm spin-wave soliton forma-
tion in FePt nanoparticles
D. Turenne et al.: Sci. Adv. 8 (13), eabn0523 (2022)
doi:10.1126/sciadv.abn0523

Observation of Nondipole-Induced Asymmetry in the 
Angular Emission Distribution of Photoelectrons from 
Fixed-in-Space CO Molecules
D. Rezvan et al.: Phys. Rev. Lett. 129 (25), (2022)
doi:10.1103/PhysRevLett.129.253201
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Tree-Code Based Improvement of Computational 
Performance of the X-ray-Matter-Interaction Simula-
tion Tool XMDYN
M. Stransky et al.: Molecules 27 (13), 4206 (2022)
doi:10.3390/molecules27134206

Two-dimensional confinement for generating thin 
single crystals for applications in time-resolved 
electron diffraction and spectroscopy: an  
intramolecular proton transfer study
H. Hwang et al.: Chem. Commun. 58, 9774–9777 (2022)
doi:10.1039/D2CC02468C

Ubermag: Toward More Effective Micromagnetic 
Workflows
M. Beg et al.: IEEE Trans. Magn. 58 (2), 1–5 (2022)
doi:10.1109/TMAG.2021.3078896

Ultrafast charge transfer dynamics in 2D covalent 
organic frameworks/Re-complex hybrid photocatalyst
Q. Pan et al.: Nat. Commun. 13 (1), 845 (2022)
doi:10.1038/s41467-022-28409-2

Ultrafast orbital tomography of a pentacene film using 
time-resolved momentum microscopy at a FEL
K. Baumgärtner et al.: Nat. Commun. 13 (1), 2741 (2022)
doi:10.1038/s41467-022-30404-6

Ultrafast perturbation of magnetic domains by optical 
pumping in a ferromagnetic multilayer
D. Zusin et al.: Phys. Rev. B: Condens. Matter 106 (14), 
144422 (2022)
doi:10.1103/PhysRevB.106.144422

Ultrafast structural response of shock‐compressed 
plagioclase
A.E. Gleason et al.: Meteorit. Planet. Sci. 57 (3), 635–643 
(2022)
doi:10.1111/maps.13785

Ultrafast temporal evolution of interatomic Coulombic 
decay in NeKr dimers
F. Trinter et al.: Chem. Sci. 13 (6), 1789–1800 (2022)
doi:10.1039/D1SC04630F

Ultrafast visualization of incipient plasticity in 
dynamically compressed matter
M. Mo et al.: Nat. Commun. 13 (1), 1055 (2022)
doi:10.1038/s41467-022-28684-z

UV-induced dissociation of CH2BrI probed by intense 
femtosecond XUV pulses
H. Köckert et al.: J. Phys. B: At. Mol. Opt. Phys. 55 (1), 
014001 (2022)
doi:10.1088/1361-6455/ac489d

Visualizing Light-Induced Microstrain and Phase 
Transition in Lead-Free Perovskites Using Time-
Resolved X-Ray Diffraction
Y. Wang et al.: J. Am. Chem. Soc. 144 (12), 5335–5341 
(2022)
doi:10.1021/jacs.1c11747

Wall-free droplet microfluidics for probing biological 
processes by high-brilliance X-ray scattering tech-
niques
G. Marinaro et al.: Front. Mol. Biosci. 9, 1049327 (2022)
doi:10.3389/fmolb.2022.1049327

What Do We (Not) Know About Research Software 
Engineering?
A.-L. Lamprecht et al.: J. Open Res. Software 10 (1), 11 
(2022)
doi:10.5334/jors.384

XAFS-DET: A new high throughout X-ray spectros
copy detector system developed for synchrotron 
applications
F. Orsini et al.: Nucl. Instrum. Methods Phys. Res., Sect. A 
1045, 167600 (2022)
doi:10.1016/j.nima.2022.167600

Structural characterization and antibacterial activity  
of silver nanoparticles synthesized using a  
low-molecular-weight Royal Jelly extract
S. Gevorgyan et al.: Sci. Rep. 12 (1), 14077 (2022)
doi:10.1038/s41598-022-17929-y

Structural insights into light-driven anion pumping in 
cyanobacteria
R. Astashkin et al.: Nat. Commun. 13 (1), 6460 (2022)
doi:0.1038/s41467-022-34019-9

Surface functionalization of few-layer graphene on 
β-SiC(001) by Neutral Red dye
D.V. Potorochin et al.: Appl. Surf. Sci. 585, 152542 (2022)
doi:10.1016/j.apsusc.2022.152542

Terahertz-wave decoding of femtosecond extreme- 
ultraviolet light pulses
I. Ilyakov et al.: Optica 9 (5), 545–550 (2022)
doi:10.1364/OPTICA.453130

The kinetic energy of PAH dication and trication 
dissociation determined by recoil-frame covariance 
map imaging
J.W.L. Lee et al.: Phys. Chem. Chem. Phys. 24, 23096–
23105 (2022)
doi:10.1039/D2CP02252D

The soft X-ray monochromator at the SASE3 beamline 
of the European XFEL: from design to operation
N. Gerasimova et al.: J. Synchrotron Radiat. 29 (5), 
1299–1308 (2022)
doi:10.1107/S1600577522007627

Thermal effects of beam profiles on X-ray photon 
correlation spectroscopy at megahertz X-ray 
free-electron lasers
Y. Xu et al.: Opt. Express 30 (23), 42639–42648 (2022)
doi:10.1364/OE.464852

Towards real-time analysis of liquid jet alignment in 
serial femtosecond crystallography
J. Patel et al.: J. Appl. Crystallogr. 55 (4), 944–952 (2022)
doi:10.1107/S1600576722005891

Tracking structural solvent reorganization and 
recombination dynamics following e− photoabstraction 
from aqueous I− with femtosecond x-ray spectroscopy 
and scattering
P. Vester et al.: J. Chem. Phys. 157, (2022)
doi:10.1063/5.0107224
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21–27 JANUARY 2022
European XFEL Users’ Meeting

The European XFEL Users’ Meeting is an annual  
opportunity for networking and collaboration between  
European XFEL and the scientific user community. 
In 2022, for the second time in a row, the meeting  
was held as a purely virtual event, jointly with the DESY 
Photon Science Users’ Meeting. Over 2000 scientists  
from 40 countries registered to participate. 

The agenda of the meeting included updates on new 
developments, plans for the future, scientific highlights 
from all six instruments, and advancements in instrument 
design. The programme was complemented by work-
shops and a presentation of scientific posters. Many of 
the research results presented provided new approaches 
to solving societal challenges, such as the COVID-19  
pandemic, a circular economy, artificial photosynthesis, 
and sustainable catalysis. A highlight of the event was the 
announcement of the winner of the European XFEL Young 
Scientist Award, which was awarded for the second time. 

19–22 SEPTEMBER 2022 
Science@FELs 2022

The Science@FELs 2022 conference was held at DESY 
and European XFEL in September with more than  
100 participants in attendance from 12 countries.  
The conference, which is organized every two years  
by the FELs OF EUROPE collaboration, has evolved  
into  one of the most important international meetings in  
FEL science. 2022 also marked the 10th anniversary of  
FELs OF EUROPE.

21 JANUARY 2021 – 1 DECEMBER 2022 
Virtual Hard X-Ray Collaboration Seminar Series

This series hosted monthly seminars by participating 
facilities (LCLS, SACLA, European XFEL, DESY,  
SwissFEL, PAL-XFEL, and, as a guest, SHINE) on a 
specific topic related to accelerator or photon science. 
The meetings were spread throughout 2021 and 2022, 
with lecturers from Germany, the USA, Switzerland, 
Korea, Japan, and China taking turns presenting topics 
and chairing the meetings.

1 MARCH 2021 – 6 NOVEMBER 2023
FELs OF EUROPE Tutorials

The Science@FELs 2020 conference, the first online 
Science@FELs, was accompanied by a small number of 
focus tutorials led by eminent FEL scientists and specifi-
cally addressing younger members of the FEL community. 
The tutorials introduced hot topics in the field of FEL 
science with more depth than is usually possible in 
conference talks. Based on the very positive reception of 
these tutorials, FELs OF EUROPE started a regular online 
tutorial series inviting distinguished scholars in the field.

24 JANUARY 2022 
SXP Instrument at the European XFEL: Status and 
Perspectives

The Soft X-Ray Port (SXP) is the third instrument at the 
SASE3 soft X-ray undulator system of the European 
XFEL. The core idea of the instrument is to extend the 
portfolio of techniques available at the baseline instru-
ments SCS and SQS. In this workshop, the status of the 
project and its new scientific perspectives were discussed. 

28 MARCH – 1 APRIL 2022
14th International Conference on Synchrotron 
Radiation Instrumentation 2021 

More than 1160 participants met virtually from 28 March 
to 1 April for the 14th International Conference on Syn-
chrotron Radiation Instrumentation (SRI2021), organized 
by DESY and European XFEL, which had to be postponed 
until 2022 because of the COVID-19 pandemic.  
The triennial conference is a prime forum to highlight 
connections between synchrotron radiation instrumen-	
tation, science, and society. It also provides opportunities 
for discussion and collaborations among scientists and 
engineers around the world involved in the development 
of new concepts, techniques, and instruments related to 
synchrotron radiation and FEL research.

Figure    1:    
European XFEL Managing Director Robert Feidenhans’l speaking at SRI2021
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Conferences, Workshops, and Seminars

Figure    2:    
Serguei Molodtsov, European XFEL Scientific Director 
and Chairman of FELs OF EUROPE, held a speech 
celebrating the 10th anniversary of the collaboration   
at the Science@FELs 2022 conference.
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fe minars
25 JANUARY 2022
Data Analysis at the European XFEL

The experiments at the European XFEL generate enor-
mous amounts of data. While online analysis, which 
happens in near real time, provides crucial feedback to 
steer experiments, more rigorous offline analysis is 
necessary for new scientific findings. The Data Analysis 
group provides tools that enable analysis and interpreta-
tion of data, both online and offline. The aim of this 
workshop was to introduce the various tools that the 
group develops, provide examples of their use, and 
present the views of users. How artificial intelligence  
and machine learning can be used for data analysis  
was also discussed.

3–6 OCTOBER 2022
Big Science Business Forum 2022

BSBF is a business-oriented congress that congregates 
all the European research infrastructures, focused on 
technology and with the aim to be the main meeting  
point between research infrastructures and industry. 
BSBF 2022 was held in Grenada, Spain, co-organized  
$ by European XFEL.  

5 OCTOBER 2022
LEAPS Hour at BSBF 2022

LEAPS Hour, organized by European XFEL, offered 
participants of the Big Science Business Forum 2022 a 
unique opportunity to connect with representatives of the 
League of European Accelerator-based Photon Sources 
(LEAPS) and with procurement teams. During the event, 
participants could ask questions, hear about experiences 
with big science procurement, and discuss ways to 
collaborate with big science facilities.

2–4 NOVEMBER 2022
Theory Meets XFELs

The aim of this workshop, which was co-organized by 
European XFEL and held in part on the Schenefeld 
campus, was to foster collaborations between theorists 
and experimentalists interested in research with X-ray 
FELs. It was dedicated to recent theoretical developments 
in ultrafast X-ray diffraction and imaging, ultrafast X-ray 
spectroscopy, high energy density physics, ultrafast 
angle-resolved photoemission spectroscopy, and ultrafast 
magnetism and was complemented with examples  
of experimental applications of X-ray FELs in each of  
these fields. 

1–2 DECEMBER 2022
The 2nd Workshop – Towards a Liquid Jet 
Standardization at European XFEL

This workshop was meant to promote young scientists 
and Ph.D. students from the microfluidics research 
environment, facilitating collaboration and networking. 
International experts as keynote speakers and invited 
speakers focused on “High repetition rate vs. sample 
efficiency” and “Synergies between XFEL and synchrotron 
on liquid jets”. The workshop was held as a hybrid 
meeting with onsite and digital participation options. 
The programme for onsite participants included  
round-table talks on sample delivery topics.

THEORY SEMINARS

20 JANUARY 2022
Theoretical insights into ultrafast thermometer  
and the approach to equilibrium in pump/probe 
experiments
Jim Freericks, Georgetown University (USA)

5 MAY 2022
Materials discoveries at extreme conditions: from 
curiosity-driven research to advanced functionalities
Igor Abrikosov, Linköping University (Sweden)

12 SEPTEMBER 2022
Monitoring elementary molecular events by  
ultrafast nonlinear X-ray spectroscopy
Shaul Mukamel, University of California, Irvine (USA)

1 NOVEMBER 2022
Predictions of novel features in X-ray scattering 
spectra for thermometry
Alina Kononov, Sandia National Laboratories (USA)

SCIENCE SEMINARS

11 JANUARY 2022
Dynamics and chemical reactivity at aqueous 
interfaces
Damien Laage, Ecole Normale Supérieure (France)

18 JANUARY 2022
Ultrafast magnetism – terra incognita beyond the 
classical approximations
Aleksei V. Kimel, Radboud University (The Netherlands)

8 FEBRUARY 2022
Sustainable hydrogen technologies for future energy 
systems
Robert Schlögl, Max Planck Institute for Chemical Energy 
Conversion (Germany)

22 FEBRUARY 2022
Facilities: How to avoid running out of samples by 
rethinking their role
James H. Naismith, University of Oxford (UK)

22 MARCH 2022
Catalysis for a clean and sustainable future:  
Dynamics on different time and complexity scales
Jan-Dierk Grunwaldt, Karlsruhe Institute of Technology 
(Germany)

19 APRIL 2022
Watching and directing electrons on the atomic level 
to understand quantum dynamics from attoseconds to 
femtoseconds, and beyond
Thomas Pfeifer, Max Planck Institute for Nuclear Physics 
(Germany)

3 MAY 2022
Ultrafast-electron-diffraction studies of materials at 
extreme conditions: from ultrafast melting to radiation 
damage and plastic deformation
Siegfried Glenzer, SLAC National Accelerator Laboratory 
(USA)

17 MAY 2022
Fast electrons and hard X-rays for unraveling charge 
carrier dynamics
Renske van der Veen, Helmholtz-Zentrum Berlin (Germany)

31 MAY 2022
Ultrafast nonadiabatic dynamics of nucleobases
Gühr Markus, University of Postdam (Germany)

14 JUNE 2022
New preparation methods based on superhydrophobic 
phenomena compatible with XFEL investigation 
methods
Enzo Di Fabrizio, Politecnico di Torino (Italy)

5 JULY 2022
Ultrafast multiplex electron cinema with soft X-ray 
laser flashes at SASE3/SXP
Kai Rossnagel, Kiel University and DESY (Germany)

5 SEPTEMBER 2022
Superconductivity: One hundred years to reach room 
temperature
Warren E. Picketty, University of California, Davis (USA)

13 SEPTEMBER 2022
Tracing ultrafast electron dynamics in isolated 
nanoparticles with coherent diffraction imaging
Daniela Rupp, ETH Zurich (Switzerland)

29 NOVEMBER 2022
Tracking a phase transition from atomic to 
nanoscopic length scales
Simon Wall, Aarhus University (Denmark)

13 DECEMBER 2022
Q&A with editors of Nature and Nature Physics
David Abergel (Nature Physics), Stefanie Reichert (Nature 
Physics), and Tobias Rödel (Nature)

Figure    3:    
European XFEL representatives at  
BSBF 2022
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GLOSSARYGLOSSARY

A 
AGIPD 
Adaptive Gain Integrating Pixel Detector  
[European XFEL detector] 

B 
BMBF 
Federal Ministry of Education and Research in Berlin, 
Germany 

C 
CEA 
Commissariat à l’énergie atomique et aux énergies 
alternatives in Saclay, France 

CERN 
European Organization for Nuclear Research in Geneva, 
Switzerland 

CFEL 
Center for Free-Electron Laser Science in Hamburg, 
Germany 

CNR 
Consiglio Nazionale delle Ricerche in Rome, Italy 

CNRS 
Centre national de la recherche scientifique in Paris, 
France 

D 
DAFHES 
Danish Agency for Higher Education and Science in 
Copenhagen, Denmark 

DESY 
Deutsches Elektronen-Synchrotron in Hamburg and 
Zeuthen, Germany 

DFG 
German Research Foundation 

DSSC 
Depleted P-Channel Field Effect Transistor Sensor with 
Signal Compression
[European XFEL detector] 

E
ESRF 
European Synchrotron Radiation Facility in Grenoble, 
France 

ETH Zürich 
Eidgenössische Technische Hochschule in Zürich, 
Switzerland 

F 
FEL 
free-electron laser 

FTE 
full-time equivalent 

FXE 
Femtosecond X-Ray Experiments 
[European XFEL instrument] 

H 
HED 
High Energy Density Science  
[European XFEL instrument] 

HiBEF 
Helmholtz International Beamline for Extreme Fields at the 
European XFEL 

HZDR 
Helmholtz-Zentrum Dresden-Rossendorf, Germany 

I 
INFN 
Istituto Nazionale di Fisica Nucleare in Rome, Italy 

L 
LCLS 
Linac Coherent Light Source at SLAC in Menlo Park, 
California, USA 

LPD
Large Pixel Detector  
[European XFEL detector] 

M 
MID 
Materials Imaging and Dynamics  
[European XFEL instrument]  

N 
NCBJ 
National Centre for Nuclear Research in Świerk, Poland 

NRC KI 
National Research Centre “Kurchatov Institute” in 
Moscow, Russia 

NRDI 
National Research, Development and Innovation Office in 
Budapest, Hungary 

P 
PETRA III 
Synchrotron radiation facility at DESY in Hamburg, 
Germany 

PSI 
Paul Scherrer Institute in Villigen, Switzerland 

R 
RMS 
root mean square 

S 
SASE 
self-amplified spontaneous emission 

SASE1, SASE2, SASE3 
FEL undulator beamlines at the European XFEL 

SCS 
Spectroscopy and Coherent Scattering 
[European XFEL instrument] 

SLAC 
SLAC National Accelerator Laboratory in Menlo Park, 
California, USA 

SPB/SFX 
Single Particles, Biomolecules, and Clusters and Serial 
Femtosecond Crystallography
[European XFEL instrument] 

SQS 
Small Quantum Systems  
[European XFEL instrument] 

SXP
Soft X-Ray Port  
[European XFEL instrument]

U 
UKRI 
UK Research and Innovation in Swindon, UK 

V
VR 
Swedish Research Council in Stockholm, Sweden 
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This photo, showing a microscopic image of a SASE1 absorber crystal, 
was taken at the FXE instrument by Carsten Deiter with the active support 
of Martin Knoll. The image shows a silicon attenuator situated in one of the 
European XFEL beamlines to reduce the power of the incoming X-ray 
radiation. In the case of this crystal, the power of the beam has caused the 
silicon to become damaged, leaving a cracked surface, molten remains and 
an iridescent oil-spill type pattern. The image was named overall winner of 
the 2022 European XFEL photo festival, an award judged by both staff and 
a panel of judges.

Figure 1:
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