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It is always a pleasure to write the foreword of the annual 
report. It is an excellent opportunity to look back on the 
achievements of the past year. In 2018, European XFEL 
achieved a wide range of goals thanks to the exceptionally 
high commitment of our staff and the accelerator team 
at DESY. We had a total of 22 user experiments at the FXE 
and SPB/SFX instruments, and the first two journal 
articles from user experiments at SPB/SFX were pub-
lished around the time when we celebrated the first year 
of operation. The publications demonstrate that serial 
crystallography experiments are indeed possible at the 
high X-ray pulse rate that is the trademark of the 
European XFEL and lay the groundwork for all future 
experiments in serial femtosecond structural biology. 
The importance of the results was underlined by both 
articles being published in a high-impact journal. 

The second big success was the first user experiments 
at the SCS and SQS instruments. This was achieved 
after the heroic efforts of the staff of European XFEL 
and DESY, who managed to start commissioning and 
operating the beamline and instruments, and in the last 
weeks of 2018, also received the first users, despite 
significant technical challenges and delays. The experi-
ments went very well—a magnificent achievement and 
a perfect end for 2018.

The third big success was getting first beam into the 
hutch of the MID instrument in the final days of operation 
in 2018. Preparing the instrumentation required a huge 
effort but was achieved, and lasing was detected on the 
AGIPD, the X-ray detector that had been installed at the 
MID instrument not long before. The experience gained 
enables a good start in 2019 and helps us to get ready for 
the first users in the early spring. 

The background of this success was a series of milestones 
at the SASE radiation sources: first lasing at SASE3 in 
February, first lasing at SASE2 in May, and the first parallel 
operation of the three radiation sources SASE1, SASE2, and 
SASE3. This was a tremendously important achievement, as 
their parallel operation allows us to maximize capacity for 
user experiments. The accelerator team at DESY again did 
the impossible and delivered the X-ray beam with a very 
high uptime. They reached the maximum design electron 
energy of 17.5 GeV in July, and the maximum number of 
2700 electron bunches per train 10 times a second at the 
end of year. All goals for 2018 for the accelerator were met! 

On the organizational side, Nicole Elleuche started as 
European XFEL Managing and Administrative Director in 
April 2018. She hit the ground running from day one, 
leading the administration at European XFEL with energy 
and enthusiasm. Maria Faury, a director at the French 
national research organization CEA in Saclay, became the 
new head of the European XFEL Council at the end of 
June 2018. She was previously the French representative 
in the European XFEL Council for a number of years.

Very importantly, Italy and the UK became full shareholders 
of European XFEL after a long and administratively 
challenging process. Both countries have strong user 
communities in free-electron laser science that will 
contribute significantly to the success of European XFEL.

We would like to thank Scientific Director Andreas 
Schwarz, who retired in October 2018. Andreas had been 
on board before European XFEL was officially launched in 
2009. He started in the project team responsible for 
infrastructure and helped steer the construction timeline 
for the facility. We would also like to thank DESY Acceler-
ator Director Reinhard Brinkmann, who stepped down in 
2018 and was in charge of the superconducting accelera-
tor. He was a member of the first project team and led the 
accelerator project with bravura from the beginning to 
great success.

We would also like to thank the members of our Council 
and various committees, who worked hard on making the 
best decisions possible for the facility.

Finally, we would like to thank all the staff members at 
European XFEL and DESY who contributed to the 
successes in 2018. Thanks to everyone’s combined hard 
work, 2018 was an exceptional and exciting year full of 
developments and highlights, and that makes us feel 
confident and positive for the future.

Foreword by the Management Board
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We also have very good news from the shareholders: 
The Italian research organizations Istituto Nazionale 
di Fisica Nucleare (INFN) and Consiglio Nazionale  
delle Ricerche (CNR) officially became shareholders of 
European XFEL in October 2018. They were shortly 
followed by UK Research and Innovation (UKRI) as UK 
shareholder in November. After being only provisionally 
applicable for the first nine years after its signature, 
the intergovernmental Convention establishing European 
XFEL now officially entered into force, clearing the path 
for the possible accession of new partners in the future. 
In 2019, we will also celebrate the tenth anniversary of 
the Convention’s original signing. 

I would like to thank the advisory committees— 
Machine Advisory Committee (MAC), Scientific Advisory 
Committee (SAC), and Administrative and Finance 
Committee (AFC)—for their valuable and sound input to 
the Council in their respective fields. The Council must 
carefully address all the issues concerning the sustainable 
operation of the facility, while maintaining and developing 
a high level of service. The involvement of the shareholders 
and working groups are essential to this effort. 

I would also like to thank all European XFEL stakeholders 
who successfully contributed to the first complete year of 
user operation.

All together, we are committed to the success of  
European XFEL. 

2018 has been quite intense in many aspects. European 
XFEL has now been in operation for more than a year, 
and I think we can acknowledge the tremendous results 
that have been achieved since. European XFEL welcomed 
more than 500 users, and the first user results are being 
published in the most prestigious scientific journals.
 
The SASE3 undulator beamline was put into operation, 
doubling the experiment capacity for research at the 
facility. The two SASE3 instruments—SCS and SQS—
welcomed their first user groups for experiments at the 
end of the year. Commissioning has also started at 
SASE2, and the HED and MID instruments are scheduled 
to start user operation in the first half of 2019.  

This success was possible only through the efforts and 
commitment of European XFEL and DESY staff members. 
The success of the 13th European XFEL Users’ Meeting— 
which took place in January 2018 with a record audience 
of 1200 registered participants from around 100 institu-
tions in 30 countries—shows the high expectations of the 
user community, which is growing and diversifying. 2019 
will be a real challenge for the staff: offering more beam-
time and simultaneous access to the instruments, while 
securing all the commissioning activities and anticipating 
the future.

On the management side, we said farewell to Scientific 
Director Andreas Schwarz, who retired. On behalf of 
the Council, I would like to take this opportunity to thank 
Andreas again for his deep engagement and many 
contributions to European XFEL. We also had the pleasure 
to welcome Nicole Elleuche as new European XFEL 
Managing and Administrative Director.

This is my first foreword as Chairperson of the European XFEL Council, 
and I would like to thank the Council again for its confidence. It is great honour 
and a real pleasure to serve such a remarkable European infrastructure and 
its governance. 

Council Chair Foreword

Maria Faury  

Chairperson of the European XFEL Council

Foreword by the Council Chairperson
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26 JANUARY 

Record attendance at  
first User’s Meeting  
during operation

With 1200 registered participants from 
around 100 institutions from 30 countries, 
the joint European XFEL and DESY 
Photon Science Users’ Meeting on the 
DESY campus in Hamburg, the first 
since operation of the X-ray laser facility 
began, is the biggest yet.

23 MARCH

LEAPS presents strategy

In the LEAPS Strategy 2030, the 
members of the League of European 
Accelerator-based Photon Sources 
(LEAPS), including European XFEL, 
detail how they aim to strengthen 
Europe’s leading role in science. The 
strategy was also presented to Director 
Jean-David Malo of the Directorate 
General for Research andInnovation of 
the European Commission.

1 APRIL

Nicole Elleuche new  
Managing and  
Administrative Director

Nicole Elleuche takes up duty as the 
new European XFEL Managing and  
Administrative Director. Her respon- 
sibilities include human resources, 
procurement, finance, and legal affairs. 
Elleuche holds a doctorate degree in 
biology from the University of Bochum 
and an MBA from the University of 
Oldenburg, both in Germany. She joins 
European XFEL from the Heinrich Pette 
Institute, Leibniz Institute for Experimental 
Virology (HPI) in Hamburg, where she 
was member of the Management Board 
and responsible for administration and 
technical services for almost five years.

6 MARCH

Schleswig-Holstein cabinet 
meets at European XFEL 

In March, the new cabinet of the German 
federal state of Schleswig-Holstein holds 
their first meeting away from Kiel on the 
European XFEL campus. The Minister 
President and the ministers meet with 
European XFEL Managing Director 
Robert Feidenhans’l and the Scientific 
Directors, as well as with the Pinneberg 
District President Burkhard Tiemann,  
the Chief Administrator of the Pinneberg 
district Oliver Stolz and the Mayor of 
Schenefeld Christiane Küchenhof.

News and Events

Council chairperson Martin Meedom Nielsen at the 

European XFEL Users’ Meeting

Attendees of the European XFEL Users’ Meeting

European XFEL Managing and Administrative 

Director Nicole Elleuche 

19 MARCH

United Kingdom joins  
European XFEL

The UK joins European XFEL as the 
research organization’s twelfth member 
state. In a ceremony at the British 
Embassy in Berlin, representatives of 
the UK government and the other 
contract parties including the German 
federal government sign the documents 
enabling the UK to join the European 
XFEL Convention. The UK’s contribution 
will amount to 26 million euro, or about 
2% of the total construction budget of 
1.22 billion euro (both in 2005 prices), 
and an annual contribution of about 
2% to the operation budget.

Signing of the documents at the British Embassy  

in Berlin

European XFEL leading scientist Christian Bressler (l.) with 

Schleswig-Holstein Science Minister Karin Prien, Minister 

President of Schleswig-Holstein Daniel Günther, and 

European XFEL Managing Director Robert Feidenhans’l 

at the FXE instrument during a tour of the experiment hall

25 APRIL

European XFEL at the  
Hannover Messe

At the Hannover Messe, Germany’s 
biggest trade fair on industrial technology, 
European XFEL presents technologies 
and collaboration opportunities for 
industrial partners at the Hamburg  
and Schleswig-Holstein booths. 

9 FEBRUARY

European XFEL starts  
operation of second X-ray light 
source

The second X-ray light source at European 
XFEL is taken into operation. The SASE3 
undulator successfully produces X-ray laser 
flashes in one of the underground tunnels. 
SASE3 will serve the instruments SCS and 
SQS scheduled to begin user operation at 
the end of the year. 

3 MAY 
Third light source generates  
first X-ray light

European XFEL starts operation of its 
third light source exactly a year after the 
first X-ray light was generated in the 
European XFEL tunnels. The SASE2 
undulator will provide light for the MID 
and HED instruments scheduled to start 
user operation in 2019. 

All three light sources—SASE1, SASE2, and 

SASE3—are now operational and have been  

successfully run in parallel for the first time.

5 MAY

First Open Day at  
European XFEL

More than 2500 visitors attend 
European XFEL’s first Open Day on 
the campus in Schenefeld. Guests 
enjoy a diverse programme of activities, 
talks, exhibitions, and tours, giving an 
insight into the new research centre. 
Schleswig-Holstein’s Science Minister 
Karin Prien, Schenefeld Mayor 
Christiane Küchenhof and European XFEL 
Managing Director Robert Feidenhans’l 
open the event. On the main stage, 
visitors are offered a programme of 
inspiring talks, music, and science 
shows. DESY sets up a control room 
enabling visitors to watch the accel- 
erator in action, and a technical services 
truck is also on show. The local fire 
brigade offers water-shooting games. 

Hamburg booth under the motto “Future Hamburg”

Image of the first X-ray laser beam at the SASE3 

light source

News and Events
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19 JUNE 

Hamburg consular corps  
visits European XFEL

More than 50 members of the Hamburg 
consular corps visit European XFEL. 
The Hamburg Senate invited the 
representatives of more than 30 
countries to the facility as part of their 
annual meeting. The First Mayor of 
Hamburg, Peter Tschentscher, and the 
Council of State, Annette Tabbara, 
accompany the guests, who are 
welcomed by European XFEL Managing 
Directors Robert Feidenhans’l and 
Nicole Elleuche.

26 JUNE 

European XFEL staff  
run for charity

Thirty-nine staff members along with 
several family members run through 
the Hamburg HafenCity as part of the 
HSH Nordbank Run. The annual run is 
a four-kilometre circuit, and its proceeds 
benefit a local charity that provides 
support to sick and disabled children. 
The European XFEL team and 709 other 
teams, comprising a total of 21 862 
runners, help raise 162 500 euro.

1 JULY

Maria Faury new Chair 
of European XFEL Council

As of 1 July, Maria Faury is the new 
Chair of the European XFEL Council,  
the highest governing body of the 
company. Maria Faury has an 
engineering background and is Director  
of International Affairs and Large  
Research Infrastructures of the  
Fundamental Research Division at  
CEA in France. She has represented 
CEA, one of the two European XFEL 

17 JULY 

European XFEL accelerator 
reaches design energy

The European XFEL accelerates 
electrons for the first time to a higher 
energy than that of any other X-ray 
free-electron laser in the world: the 
superconducting linear accelerator 
brings electrons to its originally 
specified energy of 17.5 GeV. Since 
its initial commissioning to 14.9 GeV  
in 2017, the accelerator has been 
gradually ramped up in terms of energy. 
In July, staff and operators of the DESY 
accelerator division have powered up 
the last part of the 96-module 
accelerator and accelerated electrons 
beyond the previous benchmark. 

5 SEPTEMBER 

European XFEL celebrates 
one year of user operation

Staff and users of the world’s largest 
X-ray laser facility celebrate a successful 
first year of user operation. Since 
September 2017, over 500 scientists 
from more than 20 countries from 
across the globe have performed 
experiments at the European XFEL.

17 SEPTEMBER

European XFEL and  
DESY host photon  
diagnostics conference

The fourth FELs of Europe workshop  
on Free-Electron Laser Photon 
Diagnostics, Instrumentation, and 
Beamline Design, also known as 
Photon-Diag, is held in Hamburg. 
Participants discuss new developments 
in beam monitoring, detection, and 
timing devices for FEL facilities.

17 SEPTEMBER 

European XFEL at  
“Highlights der Physik”  
in Dortmund

European XFEL attends the science 
festival “Highlights der Physik” in 
Dortmund, Germany, with activities for 
families and information for the public. 
Visitors talk to some of the European XFEL 
staff, who provide insights into the facility 
and its research. The annual festival, which 
is in its 17th year, is organized in different 
cities across Germany.

European XFEL Managing Director Robert Feidenhans’l 

in front of the big birthday cake showing the map of 

the underground tunnel system

partners in France, on the Council  
since 2014. She succeeds Martin 
Meedom Nielsen from the Technical 
University of Denmark (DTU), who,  
after leading the Council for two terms, 
continues to support the work of  
European XFEL as Vice Chair. The 
previous Vice Chair, Lars Börjesson  
from Chalmers University of Technology 
in Gothenburg, Sweden, again becomes 
a member of the Swedish delegation  
on the Council.

18 SEPTEMBER 

European XFEL at  
Hamburg Day of Science 

Approximately 4500 visitors attend the 
Hamburg Day of Science at the Hamburg 
University of Technology. At the 
European XFEL exhibition, visitors can 
take a tour of the underground X-ray 
tunnels with the help of virtual reality 
and film material, while next door data 
scientist Hans Fangohr talks about “big 
data” at European XFEL in an interactive 
short lecture.

Guests at the inauguration ceremony in  

the new warehouse

27 SEPTEMBER

Warehouse and mechanics 
workshop inaugurated

The new warehouse and mechanics 
workshop on the European XFEL 
campus are officially inaugurated, 
marking the completion of another 
construction milestone on the campus.  
European XFEL staff are joined by 
Schenefeld Mayor Christiane Küchenhof 
and other local business partners to 
celebrate the occasion.

27 SEPTEMBER 

Imaging of Matter  
cluster is excellent

The German Research Foundation 
(DFG), the German Council of Science 
and Humanities, and the Joint Science 
Conference announce the successful 
entries of the latest round of the national 
cluster of excellence competition. 
European XFEL is partner in the 
successful cluster Advanced Imaging of 
Matter (AIM), coordinated by Universität 
Hamburg. AIM is a successor to the 
cluster of excellence Centre for Ultrafast 
Imaging (CUI).

Visitors at the European XFEL exhibition at 

“Highlights der Physik” in Dortmund.

News and Events

28 AUGUST 

First European XFEL 
research results published

The first results based on research 
performed at the facility are published.  
In the journal Nature Communications, 
scientists headed by Ilme Schlichting 
from the Max Planck Institute for Medical 
Research in Heidelberg, Germany, 
together with colleagues from Rutgers 
State University of New Jersey in the 
USA, the Universities of Rennes 1 and 
Lille as well as Université Grenoble Alpes 
in France, DESY, and European XFEL, 
describe how they determined the 3D 
structure of several proteins. They 
demonstrate for the first time that, under 
the conditions used at the time of the 
experiment, an increased number of 
X-ray pulses per second as produced by 
the European XFEL can be successfully 
used to determine the structure of 
biomolecules. As much faster data 
collection is therefore possible, the time 
needed for an experiment could be 
significantly shortened. 

26 JULY

First light at two  
more instruments

Scientists successfully direct the first 
X-ray laser flashes into the SQS and 
SCS instruments at European XFEL’s 
second light source, SASE3. With the 
beam available at both instruments, 
commissioning begins.

First beam in the SQS instrument on 26 July 2018
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The young Mouse fans meet up with the Blue 

Elephant—a favourite character from the series— 

in the European XFEL tunnel.

5 OCTOBER

Italy becomes European XFEL  
shareholder

The Italian research organisations INFN 
and CNR officially become shareholders 
of European XFEL GmbH. INFN and CNR 
together now own 2.9% of the company’s 
shares, one third going to INFN and two 
thirds to CNR. INFN and CNR now have 
full voting rights in the European XFEL 
Council. At the accession ceremony on 
the DESY campus, INFN General Director 
Bruno Quarta and Director of Physical 
Sciences and Technologies of Matter at 
CNR Rosario Spinella sign the accession 
document.

Representatives from DESY, European XFEL, INFN, 

and CNR celebrate after the signing of the accession 

documents.

10 OCTOBER

Light at the end of  
the last tunnel

The X-ray light enters the photon tunnel 
leading to the SASE2 instruments HED 
and MID. This is the final tunnel in the 
initial configuration of the facility to be 
commissioned with X-rays. Scientists 
continue work on directing the X-rays 
into the instruments.

12 OCTOBER

European XFEL presents 
facility at science festival in 
Moscow

European XFEL, alongside its Russian 
shareholder the Kurchatov Institute, 
participates in the Russian science  
festival NAUKA+ in Moscow. Visitors 
learn about the facility and its research 
at an information booth, including  
a virtual reality presentation, and  
through lectures.

20 NOVEMBER 

Closer ties with  
Helmholtz Association

During a visit of the Senate of the  
Helmholtz Association to European XFEL, 
representatives of the two organizations 
sign a collaboration agreement for 
closer cooperation. The aim of the 
agreement is to establish a framework 
for sustainable and effective joint 
activities and projects in shared research 
 areas, science communication, and 
science management.

Representatives from European XFEL and the 

Helmholtz Association sign a collaboration 

agreement. From left to right: European XFEL 

Managing Directors Robert Feidenhans’l and Nicole 

Elleuche with the President of the Helmholtz 

Association, Otmar Wiestler.

3 OCTOBER 

Open doors for kids

The German children’s TV series  
Die Sendung mit der Maus organises  
“open doors” activities for children at 
companies, organisations, and institutes 
across the country. European XFEL 
welcomes 24 children from the age of 10 
to 14 for a chance to take a look behind 
the scenes at the X-ray facility in Schenefeld, 
build their own spectroscope, and scan 
objects with an X-ray scanner. A few days 
later, children aged 13 to 14 from the 
Hamburg Faszination Technik Klub also 
visit the facility with a similar programme.

18 DECEMBER 

SCS and SQS instruments 
start user operation

The SASE3 instruments SCS and 
SQS welcome their first user groups 
for experiments. With the successful 
start of operation of SCS and SQS,  
European XFEL has doubled its capacity 
to conduct research. With the first three 
groups coming to the new instruments 
in 2018, the total number of users who 
will have visited the facility in 2018 will 
reach over 500. 

28 DECEMBER 

European XFEL to build visitor 
and conference centre

The European XFEL Council and the 
German state of Schleswig-Holstein 
give the green light for a visitor and  
conference centre with school labs on 
the European XFEL campus. 
Construction is expected to start in 
2020. An interactive exhibition will 
explain how the X-ray laser works and 
what kind of research scientists are 
using it for. Tours and talks for the 
general public are part of the concept. 
Events and seminars are intended for a 
variety of audiences, from the general 
public to scientific conferences and 
workshops.

21 NOVEMBER 

UK is European XFEL  
shareholder

UK Research and Innovation (UKRI), 
an organization funded by the United 
Kingdom’s Department for Business, 
Energy and Industrial Strategy, officially 
becomes a shareholder of European XFEL 
GmbH. In a ceremony on the DESY 
campus in Hamburg, UKRI representative 
Neil Pratt signs the accession documents.

28 NOVEMBER 

Capturing the strongest  
X-ray beam on Earth

Working together with a professional 
photographer, scientists at European XFEL 
manage to capture an image of the 
intense European XFEL X-ray beam.  
The pictures are taken in the experiment 
area in the FXE instrument hutch. The 
X-ray beam appears as a thin blue stripe 
of glowing nitrogen molecules, which 
the X-ray beam has caused to light up 
as it travels through the air, thereby 
interacting with the molecules. 

At the signing on the DESY campus, from left to right: 

Christian Harringa (DESY), Nicole Elleuche, Robert 

Feidenhans’l (both European XFEL), Neil Pratt (UKRI), 

Maria Faury (European XFEL Council), Helmut Dosch 

(DESY), and Martin Meedom Nielsen (European XFEL 

Council)

2 OCTOBER 

Shining a light on  
antibiotics resistance

A paper published in the journal Nature 
Communications by a large international 
collaboration including European XFEL 
scientists presents the results from the 
very first user experiment that took 
place at the facility in September 2017.  
The results include details of the 
structure of an enzyme responsible for 
antibiotics resistance in the bacterium 
Klebsiella pneumoniae—a serious 
concern in hospitals worldwide. 
The paper is the second publication of 
research results obtained at the 
European XFEL.

Artist’s impression of the experiment: As the 

ultrabright X-ray flashes (violet) hit the enzyme crystals 

in the water jet (blue), the recorded diffraction data 

allow the reconstruction of the spatial structure of the 

enzyme (right).

Scientists at the SCS and SQS instruments

First light at the SASE2 light source

News and Events



Scientific Highlights
Visualization of a serial femtosecond crystallography 

experiment at SPB/SFX



AGIPD detector
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SPB/SFX: Selected Results
More than just promise —demonstrating serial crystallography  
at megahertz rates at SPB/SFX.

First published results at the European XFEL

Unlocking the secrets of structural biology using X-ray 
FEL serial crystallography is a common and primary goal 
of all X-ray FEL facilities. The European XFEL, however,  
is different. Thanks to its megahertz-rate pulse delivery, 
crystallographic data can be collected at a potentially 
unprecedented rate. This increase in measurement speed 
doesn’t just mean more data. It potentially allows us to 
look at not just one structure, not just a few structures, 
but many structures—all in a period of time suitable for an 
experiment. Those many structures could, for example, 
yield a series of images of a biological system in motion—
so-called molecular movies—providing a tool for watching 
proteins change structure in time. This motion could be 
due to the influence of small molecules or result from the 
application of optical light, all of which has the potential to 
inform rational drug design or even help to solve the 
energy problem in the future.

Yet, at the start of user operation at the European XFEL, 
there remained a major unsolved challenge at a funda-
mental level. Serial crystallography at X-ray FELs has the 
unique advantage of avoiding the detrimental effects of 
radiation damage (and hence yielding high-quality data) 
by using the very intense and fleetingly brief X-ray FEL 
pulses to illuminate samples to create data before those 
samples are damaged by the beam. A side effect of this, 
however, is that the samples are destroyed shortly after  
their illumination. For megahertz serial crystallography, 
it wasn’t obvious if the very next pulse—about a microsecond 
later—would find any sample to hit and collect data from.

The question of how a megahertz-rate serial crystallography 
experiment could actually be performed couldn’t be 
answered prior to the very first experiments at the  
SPB/SFX instrument at the European XFEL. One of the 
key challenges was to make sure that a crystalline 
sample—injected in a liquid stream—could be delivered 
quickly enough that the second pulse, the third pulse, 
and so forth could be suitably used to measure data.

That question can now be answered. Under the early 
experimental conditions offered at SPB/SFX in 2017  
and 2018, serial crystallography and the vastly higher 
data collection rates that come with it can indeed be 
successfully accomplished. The very first scientific papers 
published from user data collected at the European XFEL 
[1,2] both demonstrate this feat (Figures 1 and 2).  
The first experiment at SPB/SFX [1] demonstrated data 
collection at high rates on a novel structure and a model 
system; a later experiment used a model system and 
other samples [2]. Both outstanding results were pub-
lished in 2018—one less than a year after the start of  
first experiments at the European XFEL!

Future work at SPB/SFX will look to exploit this newly 
confirmed capability on samples of broad biological 
interest and investigate just how widely this conclusion 
applies across a variety of different experimental conditions.

Figure 1: Experiment setup for the first serial crystallography experiment at the European XFEL, which exploited the unique megahertz pulse rates of the facility. Pulses from the 

European XFEL were focused on the interaction region using a set of beryllium lenses. Protein crystals in crystallization solution were introduced into the focused X-ray FEL beam 

using a liquid jet of 1.8 μm diameter moving at speeds between 50 m/s and 100 m/s. Diffraction from the sample was measured using an AGIPD, which is capable of storing up to 

3520 pulses per second at megahertz frame rates. In situ jet imaging (inset) showed that the liquid column does explode under the X-ray illumination conditions of this experiment, 

which used a jet with a speed of 100 m/s, but that the liquid jet recovered in less than 1 μs to deliver fresh sample in time for the arrival of the next X-ray pulse. First published in [1].

Figure 2: Histograms of the resolutions of lysozyme microcrystals for the first and second pulses in the X-ray pulse trains. The complete overlap shows that, for 

the conditions of this experiment, there is no loss of information in the second pulse compared to the first, which further implies that the megahertz repetition rate 

of the European XFEL can indeed be used for serial crystallography. First published in [2].
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Pushing the boundary of imaging and  
ultrafast timing at X-ray FELs

The SPB/SFX group has also been pushing the bound- 
aries of both imaging science [3] and ultrafast timing [4] in 
research undertaken at both SPB/SFX and other facilities. 
These works bring the dream of being able to observe 
single, non-crystalline particles at X-ray FELs in general 
as well as the desire to perform experiments with ultrafast 
timing at the European XFEL ever closer to reality.

In an article just published at the time of writing [3].  
Klaus Giewekemeyer from SPB/SFX and others demon-
strated a single-particle-imaging–type three-dimensional 
reconstruction from real experimental signals containing 
only 50 photons per frame. While earlier work had 
performed such reconstructions from simulation or 
from fewer photons in other imaging modalities, this  
was the first experiment to do so in a comparable 
experimental geometry to the ideal X-ray FEL experiment 
on single biomolecules and with signal levels similar 
to that expected in the X-ray FEL case. A model sample 
was illuminated in this geometry at ESRF, and about  
450 000 frames of data were recorded. From this very 
weak and sparse diffraction data, a successful three- 
dimensional reconstruction was produced (Figure 3).  
This result is an important step towards the practical 
realization of single-particle imaging from weakly 
scattering samples at X-ray FELs. 

One of the key advantages of X-ray FELs is their short 
pulse duration, which allows for the study of matter on the 
ultrafast—femtosecond—time scale. A popular way to 
make such studies is to excite (or “pump”) matter with an 
optical laser and “probe” it with the X-ray FEL pulses. 
A key quantity in such measurements is the variability in 
the time delay between the pump pulse and the probe 
pulse—the jitter of the system. In another recent study [4], 
a user group led by Tokushi Sato from SPB/SFX performed 
the first ultrafast measurements of optical pump / X-ray 
probe jitter at the European XFEL. These first measurements 
indicated quite a modest jitter. Later results, which are 
presently under analysis, show a significant improvement 
that is currently being quantified.
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Figure 4: Schematic of the single-particle imaging model experiment undertaken at ESRF. Approximately 450 000 frames of data were collected, 

each containing about 50 photons, which after processing produced a successful reconstruction of the model sample. Figure reproduced from [3].

Figure 3: One experiment at SPB/SFX measured for the first time optical  

pump / X-ray probe jitter at the European XFEL. 
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FXE: Selected Results
Catch me if you can —tracking ultrafast reaction dynamics at FXE

Research avenues pursued at FXE

Research activities at the Femtosecond X-Ray Experi-
ments (FXE) instrument concentrate on the investigation 
of ultrafast time-dependent phenomena, in particular the 
understanding of the correlated electronic and geometric 
structural dynamics during photochemical reactions. 
All experiments employed femtosecond laser pump / 
X-ray probe techniques, making time-resolved “molecular 
movies” using X-ray emission spectroscopy (XES) and / 
or X-ray diffuse scattering (XDS), or X-ray diffraction (XRD) 
techniques. Up to October 2018, all studies except one 
focused on molecules in solution that were delivered in  
a liquid jet. The remaining four experiments, mainly 
scheduled in October 2018, centred on solid-state 
crystalline and non-crystalline systems.

Investigating excited-state dynamics of molecules
in solution

Particularly relevant for the scientific scope of FXE are 
studies aiming to directly resolve the electronic, spin, 
and geometric structure changes of molecules in solution 
during the course of a chemical reaction [1]. These 
properties can then be used to evaluate the efficiency of 
a given process and may help design new functional 
devices, such as photocatalysts and photovoltaic devices. 
Here, molecules containing transition metals are of 
specific interest, which show advantageous properties for 
a wide range of applications. In particular, so-called 3d 
transition metal compounds, which have their outermost 
electrons in the 3d orbitals, are quite abundant in nature 
and are thus promising alternatives to complexes based 
on relatively expensive and less abundant 4d and 5d 
transition metals [2]. 

A second class of interesting molecules are biologically 
relevant systems containing transition metal atoms in key 
positions for their functional activity. An example that was 
studied at FXE is myoglobin, an iron- and oxygen-binding 
protein found in the muscle tissue of vertebrates in 
general and in almost all mammals. It binds oxygen on a 
heme group, a coordination complex consisting of an iron 
ion coordinated to a porphyrin acting as a tetradentate 
ligand and to one or two axial ligands. In 2018, most of 
the research activities at FXE in this area focused on such 
compounds, either containing Fe or Cu centres.

Monitoring activated transition metal  
coordination complexes

Time-resolved XES allows the fine structure of the excited 
states to be elucidated, including the spin state, which 
is an ideal tool for studying the elementary steps of 
light-driven spin crossover complexes. These steps 
commence with photoexcitation with an optical laser 
photon, which promotes an electron from its ground state 
into the complex excited-state energy landscape of the 
molecule. Understanding the earliest steps after excitation 
can reveal why the molecule reacts as it does until it 
eventually relaxes into the final product state. 

Knowledge of these early processes will not only tell  
us why a chemical reaction proceeds as it does with a 
measured limited product yield, but it may also give us  
a manual for how to increase the efficiency of a desired 
reaction. Time-resolved XES gives us detailed information 
about the changing spin states within, as well as electrons 
occupying, the key atom of interest. A typical example of 
a time-resolved XES signal recorded on FeII(bpy)3

2+ is 
shown in Figure 1. Spectra are routinely measured with 
the FXE von Hamos dispersive spectrometer using either 
a 10 Hz frame rate CCD made by greateyes or a Gotthard 
detector from PSI for single-pulse data recording at 
higher intra-train repetition rates (< 1 MHz). From this, we 
can learn about the fate of the excited molecule from the  
very beginning through all intermediate steps up to the 
final product state. This was done for a wide collection 
of modified ligand structures on Fe-II systems.

For most measurement campaigns at FXE, time-resolved 
XDS was used as a complementary approach for monitoring 
the structural changes after photoexcitation while 
recording data at MHz repetition rate with the LPD. Data 
analysis requires a thorough evaluation of all contributions 
to the XDS signal, such as solvent heating, for example, 
and a comparison to molecular-dynamics simulations in 
order to extract robust and meaningful results. The data 
are therefore still being analysed. However, early static 
XDS experiments on Cu transition metal complexes in 
acetonitrile at FXE already showed striking results (Figure 2). 
With no laser excitation, a jet flow speed of around 40 m/s 
(80 µm nozzle, 29 bar, 15 ml/min), an X-ray focal size of 
around 10 mm, an X-ray intra-bunch repetition rate of  
1.8 µs (564 kHz), and thus a jet flow length of around 70 µm 
between X-ray pulses, variations in the XDS scattering 
signal along bunches are still evident (1–5% of total 
signal). The time evolution tracks the pulse intensity along 
the bunches. The energy deposition from X-ray absorption 
is thus significant at the European XFEL and leads to 
hydrodynamic effects, which have also been observed 
at LCLS [3].

Recombination of NO to deoxy myoglobin 

It is often stated that if proteins (and other biochemical 
molecules) were rigid and static, life would not be 
possible [4]. Virtually all biological functions, including 
ligand and substrate binding, partner recognition, 
transportation processes, and enzymatic activity in 
general, among others, demand some sort of flexible 
structures capable of movement and interaction. Myoglobin 
(Mb) is an extremely compact heme protein consisting of 
a single polypeptide chain of 153 amino acid residues 
(Figure 3, left). It is found primarily in cardiac and red 
skeletal muscles, is involved mainly in the storage of 
oxygen, and facilitates the transport of oxygen to the 
mitochondria [5]. At first glance, Mb can be regarded as 
a very simple system with a well-determined function: 
store oxygen. However, over the last 20 to 30 years, 
understanding of the functional role of Mb has increased 
considerably [6]. It plays a central role in many biological 
functions based on detection, transport, release, and / or 
binding of molecular ligands, such as O2, CO, NO, CN, etc.

Amongst the many different types of Mb, nitrosyl-myoglobin 
(MbNO) in particular is not completely understood,  
despite its biological relevance in controlling numerous 
neurophysiological responses. Upon optical excitation 
with visible light, the six-coordinated planar, low-spin heme 
centre of MbNO undergoes ultrafast photodissociation, 
leading to a five-coordinated domed high-spin form 
resembling deoxy Mb. However, multiple timescales 
(ranging from sub-picosecond to hundreds of picoseconds) 
are observed for parts of the excited-state population, 

Figure 2: Static XDS signal for a 30 mM Cu transition metal coordination 

complex in acetonitrile, plotted as a function of the scattering vector Q for 

different pulses in an X-ray pulse train. The intensity is plotted as the difference 

in signal for the second and N-th pulse.

Figure 1: Time-resolved XES signal of a 15 mM solution of FeII(bpy)3
2+ 

in acetonitrile upon excitation at 400 nm wavelength. The time delay between 

the optical pump beam and the X-ray FEL probe beam was scanned while 

recording spectra with the FXE von Hamos crystal spectrometer in combination 

with a CCD. Exposure time was set to 5 s for every scan step. Scans were 

done twice, once with exposure of the sample by the pump laser and once 

without. A time delay of zero (arrow: “Optical laser”) marks the simultaneous 

arrival of the optical pump and X-ray probe beams.
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along with the emergence of an unexpected high-spin 
six-coordinated domed ligated MbNO, which is accepted 
as being one of the intermediate forms during the ultrafast 
relaxation back to the six-coordinated planar form. 
Previous X-ray absorption spectroscopy studies with 
about 100 ps time resolution supported that hypothesis. 
However, the nature of the earlier time kinetics is still 
unclear [7]. An experiment conducted at FXE employing 
combined femtosecond XES and XDS was designed to 
elucidate those questions.

Static Kα and Kβ XES of MbNO and other ferric and 
ferrous forms of myoglobin were recorded, along with 
femtosecond-resolved Kβ XES (Figure 3, right). The 
transient data at 5 ps temporal delay resembles that of 
the difference obtained from the static spectra, suggesting 
that already at these early times, the photoexcited  
MbNO resembles a deoxy Mb form. A more in-depth 
analysis of these data promises to reveal more detailed 
structural information.

Studying atomic-scale re-arrangements in solids

A second class of experiments at FXE concentrates on 
studies of dynamics in solids. Hybrid perovskites, for 
example, are promising candidates for next-generation 
photovoltaic devices, since they combine the potential for 
both low cost and high efficiency [8]. Nevertheless, the 
photovoltaic mechanism of these materials is still under 
investigation. The most fascinating but puzzling property 
of hybrid perovskites is that, although they have many 
sites in their molecular structures that can trap charges as 
they move across the material, electrons nonetheless tend 

to move a much longer way than expected, and for a 
likewise longer period of time. This phenomenon enhances 
the material’s efficiency as a photovoltaic energy carrier [9]. 
The fact that the electrons appear to pass over these 
molecular electron traps has been ascribed to an  
interaction via a polaron, a quasiparticle used to describe 
the interaction between atoms and electrons [10].  
In a user experiment at FXE, polaron interactions were 
investigated by generating photoelectrons from a thin film 
of Bi using a 400 nm wavelength optical pump laser and 
probing its crystal lattice and electron migration by means 
of XRD, with variable delay between the pump and probe 
pulses. The scattered diffraction signal was collected at 
MHz repetition rate using the LPD.

The analysis reveals that the crystal lattice calms down 
after a few tens of picoseconds, in agreement with 
expectations. This result can thus be applied to measure-
ments on photovoltaic solids. Further data on these 
hybrid perovskites are currently being evaluated. The 
experiment was performed at 0.55 MHz repetition rate 
and therefore confirms that solid-state samples can be 
investigated at these high repetition rates without 
excessive radiation damage: The colour-coded diffraction 
signals of each X-ray pulse (with only 1.82 µs delay) 
shown in Figure 4 (middle) differ only by a constant 
scaling factor of 0.002% per pulse, which is most likely 
caused by a systematic drift of the X-ray photon energy 
during the burst. Sample heating cannot explain this 
trend. Correcting for this trend, all curves fall on top  
of each other (Figure 4, right), which shows that future 
experiments can make full use of the unique, high- 
repetition X-rays bursts available for the first time at the  
European XFEL.
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Adrian Mancuso

“We’ve made excellent progress”
 
At the beginning of 2018, everything was still very new. 
We’d only done a few experiments. In comparison, by the 
end of the year, although things were by no means routine, 
we certainly had well-defined procedures. We understood 
a lot more about the beam and about what the detector 
was doing. Serial crystallography experiments were much 
more reliable and efficient by the end of the year too.  
The difference was really like chalk and cheese!  

Most importantly, in less than a year since operation 
began, the first results were published, showing we could 
really use the European XFEL’s megahertz X-ray pulses 
for science. Considering that these publications are based 
on research done in a brand-new facility, at an instrument 
where the sample delivery mechanism was used for the 
very first time during those first experiments—I think that’s 
an outstanding achievement. We’ve made excellent 
progress, and this is due to the hard work of many people, 
in my team and in many other teams too.

 To new horizons in structural biology

“Whack it with a laser” 

Our users did a lot of structural biology in 2018, but also 
so much more than that. We’ve been able to carry out 
mix-and-inject experiments, which allow you to start to 
look at how a drug might interact with a biomolecule. 
Pump–probe experiments enable us to watch the tempo-
ral evolution of a system when we whack it with a laser. 
And we’ve done some studies on material samples, as 
well as ultrafast timing measurements. It’s really nice to 
see the instrument work across many different disciplines—
many more than it was designed for.

 “We really want to explore 
 single-particle imaging”

One of the things we really want to explore in 2019 is 
single-particle imaging. As the name suggests, these 
experiments involve putting just one particle in the X-ray 
beam, thereby avoiding complicated preparation steps 
such as crystallization. Biologists have dreamed of doing 
these types of experiments for decades. But it’s not 
trivial—you need a really brilliant beam and plenty of data 
to make it feasible. It’ll be really exciting to see if we can 
demonstrate that we can use the European XFEL’s 
megahertz-rate pulses for these kinds of experiments. 

“The team really gave it their all”

As the first full year of operation, 2018 was easily the 
busiest year yet for the SPB/SFX team. We worked harder 
than ever before, really putting all our effort into the 
instrument. I feel we’ve come over the hump now, though, 
so instead of the blood, sweat, and tears spent getting 
the instrument operational, we can focus on making 
things better. That’s a big change. This allows us to think 
more creatively and to think more about science. We’ll 
also soon have some time to do experiments ourselves, 
which we’ll use to learn more about the beam. All this 
helps us with our support of the users and their research 
goals. Finally, we have the time and space to do this— 
it’s going to be fun!

SPB/SFX group leader Adrian Mancuso reflects on the 2018 experiments.

“We’ve come a long way” 

We’ve come a long way since the beginning of the year.  
In a very short time, we managed to commission several 
key components and finally received a top-notch modern 
optical laser system for pump–probe experiments. Other 
key ingredients for FXE, such as a spectrum analyser, 
timing tools, a beam stabiliser, and a new detector for X-ray 
emission spectroscopy, were inaugurated as well. And we 
managed all this on the tight time schedules in between 
coordinating and running experiments for our users. 

When you’re busy chasing deadlines and taking care that 
things are running smoothly on a daily basis, it’s sometimes 
hard to appreciate how much you’ve actually achieved. 
Looking back, I can see we’ve made a lot of progress!  
And that’s really down to the extremely dedicated and 
determined people in my group, the scientists and the 
engineers. Everyone really worked hard, never giving up 
when things didn’t go to plan, shifting their own agendas  
to get things done. I’m amazed at their drive and energy 
and also about the good humour that they kept along the 
way. The work pushed us to our limits, but the great team 
spirit kept us all going. Everyone in my group can be really 
proud of what we’ve achieved together. 

“ Sometimes things take longer 
than you expect”

Although our users in 2018 have all been able to collect 
some interesting data, the measurement programme was 
not as complete as we would have liked. Static measure-
ments using only X-rays work just fine, but performing 
pump–probe experiments is more complex. This will allow 
us to record so-called molecular movies of chemical and 
even biological reactions, shedding new light onto the early 
fundamental processes that we currently know very little 
about. Getting this instrumentation set up and working 
precisely together has not been as straightforward as we’d 
hoped. That’s the reality of building and operating a new 
instrument in a new facility. We long to start producing 
results that science has never seen before, but as is often the 
way in life, sometimes things just take longer than you expect. 

On the road to molecular movies

“ Pushing the boundaries of 
our current knowledge” 

In 2019, we are looking forward to offering our users  
the suite of complementary tools we designed to simulta-
neously measure different properties in a single system, 
pushing the boundaries of our current knowledge. 
For example, we hope to be able to study global geo- 
metric structural changes in evolving catalytically active 
samples and find out whether it’s possible to see the 
shoreline of the solvent ocean in which an actively 
reacting molecule is embedded. If there is a chance to 
unravel new structural details in these types of evolving 
systems with X-rays, the only place I can imagine this to 
be possible is here at European XFEL, with the highest 
femtosecond X-ray flux on Earth. It would be breath- 
taking to observe something in reality that we have so  
far only seen on the computer screens of our theoretical 
scientist colleagues.

 “ Who knows what will become  
the next landmark result!”

We’re also very keen to do some of our own research this 
year once the instrument is operating full throttle, and 
we’re quite excited about what we’ve got on our scientific 
platter. One example comes from one of our Ph.D. students, 
Christina Bömer, who is currently designing some pretty 
cool X-ray experiments to look at entangled photons and 
explore whether we can study dynamic properties in solid 
materials. Maybe we can even eventually record atomic- 
scale diffraction patterns using visible light entangled with 
an X-ray photon. Who knows what will become the next 
landmark result! 

Patience and perseverance have been key at FXE,  
says group leader Christian Bressler.

Christian Bressler

Impressions from the instrumentsImpressions from the instruments 
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A detector just in time

“ It always comes together at  
the last moment!”

At the beginning of 2018, many people had their doubts 
that we would be ready for users by December. And there 
was certainly a lot to do before then. In March, the hutch 
was completely empty, but within two months, we had the 
permanent beamline installation complete. We got the first 
beam in the hutch in July—that was a really exciting day.

In May, we had only about 30% of the cables installed  
in the hutch, so we had to swap cables between different 
components in order to carry out the radiation safety 
tests. The instrument and the last components of the 
beamline were ready to go when the beam was back 
following the introduction of new safety measures in 
mid-October. We then had just six weeks to do the 
commissioning before the users arrived. But scientists  
are used to working to deadlines like these. It always 
comes together at the last moment!

“A perfect experiment!”

I was never really worried that we wouldn’t be ready for 
users. In a process like this, you concentrate on getting 
those things running that are required for an experiment. 
We calibrated and implemented everything needed during 
the weeks before the first experiment—including additional 
diffraction optics specific to that experiment, and, in a great 
coordinated effort with the Control and Analysis Software 
group, the monochromator in the tunnel so we could 
monitor the data collection of X-ray absorption spectra in 
real time during the first experiment. That was great. 

The only headache was one of the X-ray detectors  
for SCS, the FastCCD detector—we had to get it re- 
engineered. The Detector Development group was 
fantastic putting in extra hours to get it working, which  
we managed to do just days before the users came.  
That was a close call. Certainly the detector issue was  
all very stressful, but when the first experiment started, 
everyone was really relaxed. Everything went according  
to plan, and we collected data from the beginning to  
the end. A perfect experiment! 

“Everyone was excited and happy” 

It was great to be able to finally do science! The first user 
group comprised about 40 researchers from many different 
institutes and countries, so the hutch got a bit crowded!  
It was a follow-up experiment using a new technique that  
had already been demonstrated at LCLS—a new and very 
efficient approach for measuring X-ray absorption, which was 
used for the first time to measure non-linear matter interactions. 
It is essentially a shot-noise–limited detection scheme and 
needs much less data than usual techniques. 

The experiment was a success, and everyone was excited  
and happy. Loïc LeGuyader in our group has a Peter Paul 
Ewald Fellowship from the Volkswagen Foundation, which 
supports knowledge transfer between LCLS and European 
XFEL. He was involved in the original experiment and pro-
posed we attempt it here too. The technique was an add-on  
to the SCS instrument, and now we can offer it to our users. 

“We can rely on each other” 

Throughout 2018, everyone involved in SCS has become 
even closer. Historically, everyone was focused on different 
tasks and was working on different components. That 
changed when we started putting things into the hutch. 
Everyone was involved in the installation and commissioning. 
It was nice to see such great teamwork, as everyone helped 
to get the instrument operational, and we realized how much 
we could rely on each other. It’s been really nice to watch  
that dynamic grow.

Group leader Andreas Scherz recalls the effort to 
get the SCS instrument ready for users.

First experiments and new opportunities

“We always had a backup plan”
 
We had everything installed and connected before the first 
beam was sent into the hutch in July 2018. We were on 
schedule, and everything was going well. We ramped up 
the detectors and started commissioning. Then, after about 
one and half weeks, the beam was turned off to introduce 
additional safety measures. It would be seven weeks 
before we got it back, but no one could tell at the time. 

At what point do you say: “We don’t have enough time to 
get ready for users”? Would three weeks of commissioning 
be enough, or five? You can’t say if things will go to plan or 
if you will need more time to iron out unexpected hiccups. 
We always had a backup plan with different options. For 
the first user beamtime, we scheduled an experiment that 
had a solid albeit reduced setup that was nevertheless 
scientifically interesting. 

“…a weight off my shoulders!” 

The first experiment was exciting. It was also an enor-
mous relief to see the signal appear on the screen for the 
first time and to know that everything worked as it should 
and that we could deliver what we promised our users. 
That was a great feeling for everyone in the group, and a 
weight off my shoulders! The users were happy, and I 
think also quite astonished. Most of them had been here 
at the beginning of the year for the first user workshop 
and had been downstairs and seen an empty hutch. We 
told them that, yes, after the summer we would have the 
first beamtime and everything would be ready for them to 
do experiments. I’m not sure they believed us! And of 
course they had also heard of setbacks we’d had during 
the year. 

“New possibilities” 

The aim of the first experiment was to see what we could 
do here compared to similar facilities. We successfully 
demonstrated the capabilities of both the instrument and 
the facility. The ion spectroscopy results showed the high 
intensity of the FEL pulses and were at least as good as  

at other facilities, even though we hadn’t got beyond 
basic parameters yet. So it can only get better. Thanks to 
our high repetition rate, we also demonstrated that we 
can do electron spectroscopy at high performance, which 
is difficult at other facilities. We were working with 1000 to 
2000 pulses per second, so at least one order of magnitude 
more than elsewhere. 

It was great to be able to show the users the new possi-
bilities of the European XFEL. The users all left with new 
and exciting results that they can publish. Let’s see what 
comes out of it all—often you get so caught up in the 
moment that the reality of how good the results really  
are only becomes apparent when you’re at home again. 
At least I can say that everyone went away with the 
feeling that it was a successful and productive beamtime. 

“We’ve grown together” 

The year 2018 was tough and tricky at times, but it  
made the team of everyone who worked on SQS stronger. 
Traditionally, everyone had their part of the instrument that 
they were responsible for, which was fine, but at the end  
of the day everything had to work together. Even if one 
person built a part, everyone had to use it, and everyone 
needed to know how to fix it if something went wrong.  
So up to now, there has been progressively a lot more 
communication and exchange across the group, and we’ve 
grown together. Let’s see how things will continue—I’m 
optimistic that it’s all going in the right direction!

The SQS instrument is allowing users to start seeing molecular behaviour 
in a new way, says group leader Michael Meyer.

Michael Meyer
Andreas Scherz

Impressions from the instruments 



Operations
The SQS instrument, which began user operation in 2018
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During early user operation, the performance and full suite  
of features planned for regular operation mode were not  
yet provided. Nonetheless, user experiments were suc-
cessfully performed, first at the SASE1 instruments FXE 
and SPB/SFX, later also at the SASE3 instruments SCS 
and SQS.

In 2018, the European XFEL accelerator was operated  
for a total of about 6800 h. Of these, about 3800 h were 
devoted to X-ray delivery—for the development of photon 
beam transport systems (750 h) as well as for instrument 
commissioning (2000 h) and, partly in parallel, user 
experiments at SASE1 and SASE3 (ca. 1200 h). Another 
1750 h were scheduled for further commissioning and 
development of the accelerator.

Of the total hours of X-ray delivery, around 1580 h were 
dedicated for user experiments. A total of 25 user 
experiments received between 48 and 60 h of allocated 
beam time each (112 twelve-hour shifts in total). Typical 
operation weeks started on Wednesdays with first X-ray 
beam in the tunnels and full delivery into the instrument 
hutches usually beginning on Thursday mornings. 
User experiments would typically start on Thursdays or 
Fridays, and the instruments would run in a 12 h on / 
12 h off mode. The two scientific instruments at each 
light source switched beam every twelve hours, usually 
at 8:00 and at 20:00. 
 

Every week, the day and night shift assignment was 
swapped between the instruments. The majority of user 
experiments were scheduled at FXE and SPB/SFX,  
which had been put into operation in 2017 (Figure 1). 
By November 2018, the SCS and SQS instruments at the 
newly opened SASE3 light source also started to host 
user experiments.

Calls for user experiments are planned to be made twice 
a year. For the initial operation period in 2018, user 
experiments were scheduled from three allocation periods 
(Figure 2). Five user experiments each at FXE and SPB/SFX 
from the first call in 2017 had not been provided appropri-
ate conditions or had to be cancelled and were thus 
rescheduled during the first half of 2018. This effectively 
prolonged the first allocation period for user experiments. 
In addition, first user experiments from the third allocation 
period were performed at the SCS and SQS instruments 
at the end of the year. Starting with the fourth call for user 
experiments, allocation periods will last from February to 
June and from August to November.

Operations

Figure 1: Allocation of user experiments to the four scientific instruments accepting user 

proposals in 2018. At FXE and SPB/SFX, five user experiments each were rescheduled 

from 2017, when conditions did not allow the proposed measurements to be performed.

Following the official start of operation of the European XFEL in July 2017 and the first 
user experiments in September 2017, 2018 was the first full year of operation of the 
accelerator, the SASE1 light source, and the two scientific instruments FXE and SPB/SFX. 
A significant amount of time was devoted to taking into operation the large number of 
instrumentation and operation modes offered by the accelerator and the X-ray systems 
and working towards full performance. 

Figure 2: Timetable for the first three calls for user experiments and their allocation periods
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Enabling technologies

Secure, clean, and efficient energy

Key technologies

Health, demographic change, and well-being

Climate action, environment, 
resource efficiency, and raw materials

Figure 4: Distribution of individual users according to major grand challenges themes. The sampling was done for the entirety of 

successful proposals of the first three calls (2017–2018) and includes 574 individuals, some of them participating in more than one experiment.

Atoms, molecules, clusters, and gas-phase chemistry

Femtochemistry, solid-, and liquid-state chemistry

Hard condensed matter: structure and dynamics 

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

Soft condensed matter 

Structural biology, biocrystallography

Nanoscience under extreme conditions: 
electronic and geometrical structural dynamics 

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

In total, 384 scientists from 135 institutions in 22 countries 
(with many of those scientists participating in multiple 
projects) submitted the 29 proposals that were allocated 
beamtime in 2017 and 2018. A much larger number of 
574 scientists actually took part in the allocated experi-
ments, sometimes again in multiple projects, with the 
majority (about 88%) present on site at the European XFEL 
during at least part of the experiments or their prepara-
tion. The largest group had 116 registered participants 
joining the experiment and having access to data, while 
the smallest group had only 6 members (Figure 3). The 
large group sizes are probably related to the start of the 
facility and the novelty of experiments at the European 
XFEL, partly supported by the establishment of open 
community proposals, and group sizes are expected to 
decrease significantly in the future. Out of the total of  
384 proposers and 574 experiment participants, a 
fraction of 20% and 15%, respectively, were female.

Figure 4 shows the distribution of users with regard 
to the most important scientific or technological 
challenges facing today’s society. As can be seen from 
the figure, health and energy research were by far the 
most prominent applications.

User research 

interests
The distribution of successful proposers according  
to different scientific domains is shown in Figure 5.  
The figure indicates a wide range of scientific domains, 
with an emphasis on structural biology. 

Commissioning and user operation were supported by 
all staff at European XFEL and by the team at DESY 
operating the electron accelerator. The scientific instrument 
groups provided staff at all times of operation to control 
the instrumentation and serve as contacts to support 
groups at European XFEL. Several scientific support 
groups worked shifts and provided on-call services to 
ensure the highest uptime of lasers, sample environment 
setups, detectors, controls, data acquisition, and storage 
systems as well as the technical infrastructure of the 
facility. In addition, the photon run coordinators—a team 
of scientists and engineers—coordinated the operation 
of the scientific instruments and the accelerator.
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4%

2%

55%

3%

37%

13%

4%

6%

2%

3%

65%

Figure 3: Number of allocated user experiments in 2017 and 2018 grouped according to the number of registered users per experiment
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Figure 5: Distribution of individual successful proposers according to major scientific techniques. The sampling was done for the entirety of 

successful proposals of the first three calls (2017–2018) and includes 384 individuals, some of them involved in more than one experiment.
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Warehouse facility inauguration

Campus Development

Campus Development

The European XFEL Schenefeld campus, the largest of the three sites in the facility,  
comprises a variety of scientific, technical, and support buildings for users and staff 
members. The central area of the campus is the headquarters building, which holds 
the majority of the campus’ offices, laboratories, and the entry to the experiment hall. 
All buildings for users and staff members are within walking distance of the head- 
quarters building.

On the campus is the headquarters building (A), the company restaurant (B), and the warehouse and mechanical workshop (C). Future sites  

of buildings include the guesthouse (D), the undulator hall (E), the user and HED infrastructure building (F), and the visitor centre (G).  

The restored natural areas on the campus have the Düpenau stream as a central point (H).

In 2018, several additions to the campus made significant 
progress. Construction finished on a warehouse and 
mechanical workshop complex. The warehouse, which 
comprises an 800 m2 storage area, serves as a logistics 
staging area for all incoming shipments of equipment and 
goods. The workshop includes a dedicated machine shop 
for specialized mechanical parts for use across the facility. 
The complex also includes 18 offices for staff members 
involved in technical infrastructure and facility services. 
The warehouse and workshop complex was inaugurated 
in October 2018.

The other major construction project on the campus in 
2018 was the campus restaurant, which offers seating for 
140 people. From April 2019, it offers lunchtime meal 
options to staff, users, and guests, as well as being open 
for the general public. Plans for the other major part of the 
European XFEL accommodation service, the facility’s 
59-room guesthouse, were finalized. Operation is 
scheduled to start by the end of 2020.

In the meantime, the restoration of natural areas, with  
the focal point on wetlands surrounding and including the 
Düpenau stream, continued. In 2017, the banks of the 
stream had been restored and throughout 2018, plants 
grew into the finished site and animals continued to move 
in. This was helped along with the installation in March 
2018 of bird nesting aids on some of the campus’ 
electrical infrastructure, which were immediately inhabited 
by kestrels that successfully had broods in the summer.

A visitor centre, including school laboratories and an 
auditorium, was approved by the European XFEL Council 
in November 2018. Construction of the visitor centre,  
that will also receive significant funding from Schleswig- 
Holstein, is expected to begin in 2020.

Also in the planning phase are a building housing infra-
structure for the HED instrument as well as offices for 
staff members and users, and a 940 m2 building for tuning 
and measuring the facility’s X-ray generating undulators.

Installation of the bird nesting aids

Young kestrels with their parents
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D

B

G
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A

C

Schenefeld campus
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Figure 1: Screenshot of the public status panel from December 2018 showing the operation of the three European XFEL light sources at the same time. 

The performance of the accelerator is summarized on the left (340 bunches per radiofrequency pulse with a charge of 250 pC accelerated to an energy of 14 GeV). 

The performance of the SASE2, SASE1, and SASE3 light sources (top to bottom) in terms of photon energy and pulse energy is shown on the right.
Figure 2: Schematic layout of the three European XFEL X-ray light sources—SASE1, SASE2, and SASE3—and their respective beamlines and scientific instruments
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The electron accelerator reached nearly all operational 
goals; all three light sources generated X-ray laser flashes; 
and the SASE1 instruments FXE and SPB/SFX hosted 
their second round of user experiments, while final 
installation and commissioning proceeded at the other 
two light sources. At the end of the year, users were able 
to perform first experiments at the SASE3 instruments 
SCS and SQS, the MID instrument at SASE2 received first 
beam on the detector, and infrastructure construction in 
the experiment hall was finished. Operation of the 
European XFEL is now well under way. 

Linear accelerator

In 2018, the linear accelerator reached its design 
performance, delivering a final electron energy of  
17.5 GeV and accelerating 27 000 electron bunches per 
second. While at the beginning of 2018, only the SASE1 
light source was operational, by the end of the year, all 
three light sources were generating X-ray laser radiation, 
with all three sources operating in parallel (Figure 1). 

In 2018, several major milestones were achieved: 

•  First lasing at SASE3 in February 
•  Commissioning of the 1000 m long SASE2 electron 

beamline in March 
•  First lasing at SASE2 in May
•  Initial commissioning of the SASE2 X-ray beam  

distribution system in May and finalizing in October
•  Acceleration of electrons to the design energy of 

17.5 GeV in July 
•  Commissioning of a technique enabling parallel  

operation of SASE1 and SASE3 in October
•  Acceleration of 27 000 electron bunches per second 

(design value) in November

Another 1300 h were required for accessing the tunnels 
and performing setup and tuning work. This included the 
time needed for transitions between different operation 
states, preparation for experiment operation, and urgent 
repair access in between scheduled maintenance. The 
overall availability amounted to 85% X-ray delivery during 
scheduled user time.

The European XFEL accelerator comprises 24 radio 
frequency (RF) stations, each powering four supercon- 
ducting accelerator modules. Most of the RF stations had 
been commissioned in 2017, but installation and technical 
commissioning of the last two stations were only finished 
in April 2018. Commissioning of the eight accelerator 
modules powered by these stations occurred in parallel  

to standard beam operation. In July, electrons were  
accelerated to the design energy of 17.5 GeV. During 
most of 2018, however, the accelerator was operated at 
the nominal energy of 14 GeV. This is a good compromise 
in terms of reaching high photon energies in SASE1 and 
SASE2 while at the same time allowing operation of 
SASE3 at rather long wavelengths. 

One of the biggest advantages of superconducting 
technology is the possibility to accelerate many electron 
bunches within one RF pulse. After various technical 
challenges were overcome, the European XFEL reached 
the design value of 27 000 electron bunches per second 
in November, when 2700 bunches with a 4.5 MHz spacing 
were accelerated using a 600 µs flat-top RF pulse with a 
10 Hz repetition rate. This was the first time that a long 
bunch train of more than 1000 bunches was accelerated 
in a long superconducting linear accelerator. However, 
operation at high bunch number, i.e. beam power, will 
require further consolidation. In 2018, standard operation 
occurred with about 300 bunches per RF pulse, i.e. 3000 
bunches per second.

Light sources and beamlines

While the SASE1 and SASE2 undulators receive the 
electron beam directly from the accelerator, the SASE3 
undulator is located after SASE1 on the same beamline 
(Figure 2).

The European XFEL light sources generate X-ray laser radiation from electrons provided 
by a 2 km long superconducting linear accelerator—the world’s longest and most 
advanced of its kind. The accelerator provides electron bunches for three undulators 
(SASE1, SASE2, and SASE3)—long arrangements of magnets in which the electrons 
are forced onto a slalom course, thereby emitting intense, ultrashort X-ray laser flashes 
according to the principle of self-amplified spontaneous emission (SASE). In 2018, 
many significant steps towards the completion of the European XFEL were achieved.

Facility Development
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The SASE1 undulator and the respective photon beam 
transport systems had been commissioned in 2017 
and first user experiments at the FXE and SPB/SFX 
instruments had begun in the fall. A major part of the year 
2018 was thus marked by the operation of the SASE1 
undulator, beam transport system, and instruments while, 
simultaneously, final installation work and commissioning 
without beam proceeded at the other two light sources. 
After first lasing in February, the SASE3 undulator 
produced its first X-ray beam for commissioning of the 
beam transport system and the instruments in July, and 
the two SASE3 instruments SCS and SQS were ready to 
host the first early user experiments during the last weeks 
of operation in 2018. The SASE2 undulator generated its 
first X-ray light in May; commissioning of the beam 
transport systems to the instruments started in October, 
enabling the MID instrument group to perform initial beam 
commissioning of the experiment hutch in December.

A particular achievement in 2018 was that, only a day 
after first lasing was observed at SASE2, all three light 
sources were operated in parallel by means of the beam 
switchyard, which allows the electron bunches to be 
distributed into the different beamlines within one RF 
pulse. In the course of the year, this scheme was further 
developed. Parallel user operation of all three beamlines  
is planned for 2019. However, already users can change 
the number of photon pulses they are getting for their 
experiment themselves. This unique feature is widely  
used and allows the bunch train capability of the  
European XFEL to be fully explored.

In 2018, the SASE1 light source was operated for 
commissioning, development, and user experiments at 
the FXE and SPB/SFX instruments without significant 
downtimes, and its operation was further consolidated. 
The X-ray delivery parameters were ramped up to  
300 pulses per train (3000 pulses per second) and an 
X-ray power of 2.5 W for nominal user operation, while an 
average X-ray power of up to 8 W was reached during 
test runs with up to 5000 photon pulses per second.  
The range of photon energies was increased to 9–14 keV 
delivered to SASE1 users, with photon pulse energies of 
up to 2 mJ achieved towards the end of the year.

Commissioning of the SASE3 light source was one of the 
first activities after the accelerator started up again after 
the winter shutdown. Following electron-beam–based 
alignment, first lasing was observed at 0.9 keV on  
8 February, with photon energies from 0.53 to 1.2 keV 
achieved in the course of the year. Using one of the fast 
electron beam distribution magnets, a special “fresh-
bunch” accelerator technique was implemented to 
optimize the simultaneous operation of the SASE3 and 
SASE1 undulators, which share a large part of same 
beamline. Due to the relaxed tolerances at the smaller 
photon energy combined with high electron energy, tuning 
of SASE3 is comparably easy, and an X-ray power of up 
to 10 W was reached. Since the high X-ray power may 
lead to damage to the beam shutters, additional safety 
measures were implemented in the photon beamlines  
during the year. In addition to three long X-ray mirrors, 
the SASE3 beam transport system includes several 

unique devices, such as a gas attenuator and a grating 
monochromator (Figure 3). After a brief commissioning 
period, the X-ray beam was delivered to the SCS and 
SQS instruments, and the user programme started in 
November. Assembly also began of a third X-ray beam 
transport system to the SXP instrument, which is yet to 
be built (Figure 4).

The third light source to come online, SASE2, was put 
into operation after a swift commissioning of the 1000 m 
long electron beamline from the switchyard to the beam 
dump. First lasing was observed at the beginning of May. 
However, electron-beam–based measurements revealed 
an alignment issue in the SASE2 electron beamline and its 
X-ray beam transport system. Major re-alignment put the 
SASE2 beamline out of operation for several months.  
The first X-ray beam was transported through the tunnel 
from SASE2 to the experiment hall on 5 October (Figure 5), 
followed by commissioning of the beam transport 
components installed in the tunnels and first beam to the 
MID instrument in December. During the winter shutdown 
2018–2019, alignment work for the X-ray beam transport 
system continued, and the SASE2 undulator was re- 
arranged to install two electron beam chicanes for a 
self-seeding configuration.

Figure 3: Spectrum of the SASE3 radiation (integration over 50 X-ray pulses at 0.528 keV). 

Left: Spectral distribution at the exit-slit imager of the grating monochromator. Right: Line-out of the spectrum.

Figure 4: View into the tunnel leading from the SASE3 undulator to the experiment hall. The beam tubes for the third X-ray beam transport system to be installed at SASE3 are visible on the left.

Figure 5: First beam at the end of the SASE2 beam transport system in the tunnel leading to the experiment hall (5 October 2018)

Facility Development
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Significant progress was made in 2018 in the low-loss 
operation of the electron beam, as demonstrated by the 
radiation doses at the segments of the three undulators, 
which were monitored continuously. The measured dose 
normalized to the transmitted charge per day dropped by 
a factor of about 500 compared to the first operation 
period from May to September 2017 (Figure 6). This trend 
needs to continue as the number of bunches per second 
will increase by another factor of about 10.

In long undulators with tuneable gaps, such as those of 
the European XFEL light sources, phase shifters are 
required to match the optical phase of the X-ray and 
electron beams in the intersections between the undulator 
segments. By the end of 2018, the phase shifters of the 
three light sources had been upgraded with servomotors 
and absolute encoders to shorten the adjustment times 
related to undulator gap changes. A tool enabling 
instrument operators to perform gap changes—and thus 
adjust the photon energy—was first tested in December. 
Several pulse train patterns were delivered, such as 
1.1 MHz and 0.56 MHz, special patterns, and even 
pulse-on-demand. By means of X-ray beam diagnostics 
measuring the pulse energy and beam position, X-ray 
beams were monitored at all three undulator beamlines. 
Pulse-resolved spectral measurements were commis-
sioned at the SASE1 and SASE3 beamlines, and users 
can request the measurement of single-shot–resolved 
spectra. The Karabo controls, interlock conditions, and 
interfaces to the machine protection system were 
improved and unified for ease of operation. 

A newly established on-call service for troubleshooting 
outside regular working hours enhances the overall 
availability of these systems.

Scientific instruments 

By the end of 2018, four of the six scientific instruments 
of the facility—FXE and SPB/SFX at SASE1 as well as 
SCS and SQS at SASE3—were in early user operation 
mode, with the SASE2 instruments MID and HED due 
to follow suit in the first half of 2019. 

At SPB/SFX, the year 2018 was mostly devoted to 
running the instrument for users and, in parallel, completing 
the installation and commissioning the baseline equipment. 
The largest new piece of instrumentation is a four-mirror 
Kirkpatrick–Baez (KB) optics for providing a micro-
metre-sized beam, which was installed in the SPB/SFX 
optics hutch and commissioned with beam. Few-micro-
metre beam sizes were successfully achieved in summer 
2018, after which the KB optic was employed in all user 
experiments. In close collaboration with external users 
and the SFX user consortium, a big effort was put into 
making various sample delivery methods work more 
reliable. Improvements were also made on the perfor-
mance of the AGIPD 1 Mpx detector, involving the team 
at DESY that had built the detector as well as European 
XFEL groups. A frame rate of 176 images/train and a 
significantly more stable operation were established. 
During the last weeks of 2018, first measurements using  
a new pulse arrival monitor were performed, various 

samples were tested, and a satisfactory small jitter 
performance was immediately obtained. Several papers 
describing the results of the user experiments and the 
instrument developments are published or being written. 
In parallel to operation, the second interaction chamber, 
which will be provided through the SFX user consortium, 
was prepared for installation in 2019. By the end of the 
year, the interim compound refractive lens focusing optic 
to be used for the second interaction region was removed 
from the beam transport in the tunnel where, until the 
summer 2018, it had focused the beam for experiments. 
The two-mirror optic for creating a 100 nm-sized beam 
was installed during the winter shutdown 2018–2019, 
with commissioning due to start in 2019.

At FXE, like at SPB/SFX, the year was marked by running 
the instrument for users and at the same time completing 
the installation and commissioning the baseline equip-
ment. The largest effort concerned the optical laser. The 
pump–probe laser system is required for the femtosecond 
pump–probe experiments that make up the by far largest 
share of user experiments at the instrument. FXE is 
located on a side branch of the SASE1 beam transport, 
using one additional X-ray mirror. In 2018, a lot of time 
was spent on tuning the beam delivery in order to 
establish good overlap of the X-ray and optical laser 
beams on the sample volume to be probed. Feedback 
mechanisms were tested, but further improvement and 
stabilization were still required at the end of the year.  
First measurements at FXE testing a different pulse arrival 
monitor concept were performed and showed excellent 
results. The final FXE pulse arrival monitor, which will 
involve splitting of the X-ray beam by means of a grating, 
will be installed in the upper area of the experiment hutch 
and commissioned in 2019. 

At SCS, after installation of baseline instrumentation 
during the first half of the year, technical commissioning 
began in early summer. Installed devices included KB 
focusing mirrors, with cooling by means of a eutectic bath 
for heat exchange, and the FastCCD detector, which was 
successfully used in the first user experiment at the end of 
the year. During commissioning with beam in October and 
November, the KB mirrors were aligned, and preliminary 
imprint studies revealed a focus smaller than 10 × 10 µm2. 
In addition, newly installed transmission grating zone 
plates resulted in an X-ray spot size smaller than 1.5 µm 
(FWHM). This focal spot size allowed fluences of mono- 
chromatic X-ray radiation on the order of J/cm2—an 
essential prerequisite for non-linear studies. The setup 
was immediately employed in a user experiment. 
First commissioning of the X-ray gas monitor (XGM), 
huge-aperture multiplier (HAMP), and transmission 
intensity monitor (TIM) detectors was also performed.  

The HAMP will provide pulse-resolved measurements  
of beam position and pulse energies at least down to a 
few tens of nanojoules. The TIM will measure the intensity 
of each X-ray pulse transmitted through the sample. 
The performance of the XGM and TIM detectors and their 
implementation as real-time pulse energy monitors are 
crucial for many experiments, in particular for X-ray 
absorption spectroscopy. One of the baseline experiment 
chambers intended for forward scattering with fixed 
targets (FFT), including a sample transfer via a vacuum 
loadlock, was also commissioned. All these devices were 
then employed in the first user experiment at SCS, which 
successfully measured X-ray absorption spectra in fluence 
regimes from non-perturbing to non-linear. The results 
are being prepared for publication.

For SQS, 2018 was a crucial period, with first FEL 
photons reaching the experiment hutch and first user 
experiments starting. In the first months of the year, the 
installation of the day-one equipment was finalized, 
including a diagnostic section with a gas monitor detector 
for intensity monitoring, the KB focusing optics, and the 
first of three experiment chambers, dedicated to the study 
of atomic-like quantum systems (AQS). The highly 
polished KB mirrors, which were installed in May, were 
also the first elements to be commissioned after the 
SASE3 beam was delivered to the experiment at the end 
of July. A focus size of better than 1.5 × 1.5 µm2 was 
obtained as determined by a Hartmann-type wavefront 
sensor. These values match the design parameters 
perfectly and will allow the delivery of an FEL beam with 
an intensity of more than 1017 W/cm2 to the interaction 
volume, providing an ideal basis for the study of non- 
linear multiphoton processes, one of the main scientific 
topics of SQS. 

The high intensities were confirmed by measuring the 
yield of multiply ionized atomic ions. Using the electron 
and ion time-of-flight spectrometers of the AQS chamber, 
charge states of 41+ were observed when xenon atoms 
were exposed to FEL pulses with a photon energy of  
1150 eV. Based on these commissioning results, the first 
user experiments also concentrated on multiphoton 
processes. Thanks to the high number of X-ray pulses 
available at the European XFEL, it was possible, for the 
first time, to measure the electronic decay of resonantly 
excited double core hole states, which are produced 
through the sequential excitation of two core electrons. 
This successfully demonstrated that electron spectroscopy 
can be efficiently applied at SQS for investigating non- 
linear phenomena in the short-wavelength regime.
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Figure 6: Accumulated doses of radiation monitors at the segments of the SASE1 undulator. Position 1 corresponds to a scrap undulator device used to  

stop beam halo. In 2018, in addition to the total dose being smaller, the total delivered electron current was significantly higher than in 2017.
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At MID, most of 2018 was spent on final acceptance  
tests and installation of various devices and components. 
Following installation—and availability of cables and 
electronic crates—technical commissioning started in 
the fall. The optics hutch was completed first and fully 
commissioned with beam (Figure 6). During the last 
weeks of operation in 2018, the MID group was able to 
start commissioning the devices in the experiment hutch, 
among them the AGIPD 1 Mpx detector, which was  
installed at MID in November and received first X-ray 
beam in December.

At HED, the year was characterized by installation and 
technical commissioning work, while the X-ray beam 
could be used only for first commissioning of some of the 
devices in the tunnel. These included three monochroma-
tor vessels, beryllium compound refractive lens stacks, 
monitors, and a pulse picker. The HED optics hutch and 
its instrumentation were installed and technically commis-
sioned, and on 5 December, the first X-ray beam was 
observed in the hutch. Installation of the experiment hutch 
is ongoing. Further activities included reception, test 
measurements, and acceptance of three detectors, two 
ePIX and one JUNGFRAU, as well as the installation of a 
high-intensity (HI) laser due to deliver several 100 TW, 
a contribution of the HiBEF user consortium built by 
Amplitude in France. Installation in the laser room went on 
as planned, and commissioning is ongoing. Other HIBEF 
contributions that were successfully installed are the two 
laser transport systems for the HI and high-energy (HE) 
laser systems, which will lead the laser beams from the 
laser room to the experiment hutch. 

By the end of 2018, the HED group received a second 
interaction chamber—another contribution from HiBEF—
which will be used for dynamic compression and 
diamond anvil cell experiments.The larger primary 
chamber, which enables various other experimental 
configurations including for diffraction, spectroscopy, 
and inelastic X-ray scattering, is already in place.

Support infrastructure

Several activities to support the operation of the scientific 
instruments were pursued in 2018. The laboratories for 
sample preparation and characterization were largely 
completed and taken into user operation. The largest 
effort directly related to user operation was hosting nine 
different user groups in the biology labs for the prepara-
tion and characterization of samples for experiments at 
SPB/SFX. In one of the experiments, fresh (in-house) 
sample production and preparation helped to increase the 
hit rate by a factor of 3. In another case, the sample was 
completely prepared in the biology labs for the first time, 
including expression of the proteins in E. coli, purification, 
crystallization, and sample delivery. This complete 
preparation capability was one of the design goals of 
the XBI user consortium, which contributed the biology 
labs’ instrumentation and the staff to operate the labs.  
A cryo transmission electron microscope financed by the 
consortium was installed and is regularly used in collabo-
ration with EMBL. In cooperation with Lars Redecke from 
the University of Lübeck in Germany, in vivo crystallization 
in insect cells was established, and samples can now  
be prepared in an oxygen-free atmosphere (glove box). 
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Figure 7: Accumulation of data stored in 2018. These data were almost exclusively taken at the SASE1 beamline with the FXE and SPB/SFX instruments. 

The distinction between periods of experiments (steep slopes) and commissioning and shutdown (nearly flat) is clearly visible.

Figure 6: Coherent scattering from MID slits produces very regular fringes and patterns.

The physics and chemistry labs were used to assist the 
instrument groups with commissioning, in particular by 
analysing X-ray beam imprints with optical and electron 
microscopes for beam size measurements.

Extensions to the labs in 2018 included a sub-micrometre 
3D printer based on two-photon polymerization and a 
fast solid-sample scanner for SCS, while a scanning 
electron microscope combined with an ion beam writer 
as well as further instrumentation for the nanofabrication 
of reference scattering targets and samples were planned 
and ordered. Installation of the photoemission spectrometer 
also started.

Another major activity concerned the installation of 
computing infrastructure to support the operation of the 
beamlines and instruments. The baseline IT infrastructure 
and networks in all the tunnels and instrument hutches 
were completed, state-of-the-art storage systems for 
experiment data acquisition were installed at all baseline 
instruments, and the computing infrastructure in the DESY 
data centre was upgraded to 400 Tflops dedicated to 
experiment data analysis. These systems and the data 
acquisition systems for the first LPD and AGIPD 1 Mpx 
detectors were routinely operated throughout the year, 
using automatized data flows from dedicated storage 
systems at the instruments to the data archive. In the 
course of the year, about 2 PB of data were stored in total, 
with a peak rate of nearly 1 PB produced by a particular 
user experiment (accumulated over five days, Figure 7).
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Company Development
The year 2018 was characterized by the transition from the construction phase 
to the operation phase, optimizing administrative procedures for users and staff. 
Direct communication between the scientific and administrative groups was 
pivotal to this ongoing process.

Human resources

In 2018, 94 new employees began work at European XFEL. 
Considering the usual fluctuation, the net growth of the 
number of employees, students, and guests amounted 
to 60 persons. By the end of the year, 397 (+19%) were 
working for European XFEL. The share of all staff members 
from countries other than Germany remained at 47%, while 
the share of scientific staff from other countries decreased 
by 4 percentage points to 54%. Eleven percent of the 
newcomers were recruited from outside the country. 
Guest scientists as well as worldwide collaborations with 
universities, other research facilities, and user consortia 
resulted in a considerable amount of additional staff on 
the premises supported by European XFEL. At the end 
of the year, 48 guest scientists were working at the company.

With the ongoing transition from construction to operation, 
the organization of working mode changes continued to 
be an important topic. Shift work and on-call duty periods 
of staff members were optimized to address user require-
ments, and the corresponding works agreement was 
successfully re-negotiated with the works council. 
To ensure adequate and proactive shift and on-call duty 
planning—which address company requirements as  
well as the private and social living conditions of staff 
members—new shift plans were developed. In parallel,  
a procedure to discuss the assignment of shifts within 
groups and to check with HR and the works council in 
advance was implemented.

Procurement and logistics

The first ever customs audit for European XFEL conducted 
by the customs authorities of Schleswig-Holstein began  
in February, with three years needed to be reviewed at 
one time. (For details, see the “Safety and Quality 
Management” section.)  

In January, European XFEL awarded a contract for the 
new enterprise resource planning (ERP) system after an 
extensive public tender procedure. The implementation 
phase of the ERP project started in April. 

In October, operations began in the goods-receiving 
department of the warehouse. The new operation concept 
developed by European XFEL and the Fraunhofer Institute 
for Materials and Logistics measurably improved the 
goods-receiving process and led to faster delivery times. 

Finally, contracts were awarded for the planning of the 
new undulator hall, guesthouse, and user labs as well as 
for the operation of the company restaurant.

Equal opportunities

The relatively small share of women scientists remains  
an equal opportunities challenge. In 2018, this topic was 
actively addressed by the equal opportunities spokes- 
persons (EOS), together with the HR group and the 
management. By the end of the year, 25.6% of all staff 
members were female. After an initial increase of the 
share of female scientists from 16% in 2013 to 23.2% in 
2017, it decreased again to 20.1% in 2018. The company 
continues to pay special attention to promoting the 
increase of its female staff, especially among scientists, 
engineers, and technicians as well as in leadership 
positions. For this purpose, it is planned to increase 
active-recruitment activities and to directly contact 
talented women to motivate them for application. 

In an effort to make the company more family-friendly, 
events such as the Science Seminar, the monthly Company 
Get Together, and other scheduled special events were 
shifted from late afternoons to earlier time slots, comfort-
able times for those with family responsibilities.

A company-wide electronic equal opportunities survey 
was completed in February 2018, including personal  
interviews with all 29 European XFEL group leaders.  
In addition to the main conclusions—good marks for 
fairness, transparency, and equal opportunities within the 
company—training and education were mentioned very 
often. To address the suggestions of staff members, 
management and communication skills will be part of  
the extended company training portfolio in 2019.

Education

European XFEL offers a variety of educational opportunities 
for staff members. Focusing on developing a culture of 
diversity and inclusion, the company encourages continuous 
professional development, clear and constructive 
communication, and efficient leadership. During 2018, 
different educational activities and training courses were 
offered to staff members, with a focus on leadership, 
constructive communication, and cooperation. These 
included group workshops as well as individual and team 
coaching sessions. Additionally, European XFEL offers 
professional education opportunities for Ph.D. students, 
undergraduate students, and apprentices. 

User support

The User Office is, for users, the primary point of contact 
to European XFEL, and it is the responsibility of the User 
Office to take care of users’ needs. In 2018, a number  
of new procedures were implemented that improved 
technical and administrative support, and established 
travel management as an integral part of support activi-
ties. In addition, the User Office coordinated the develop-
ment of the company restaurant “BeamStop” as well as 
the operation concept of the guest house. 

In 2018, all six Proposal Review Panels (PRPs) met at 
European XFEL for the first time in order to review the 
proposals for each of the scientific instruments in prepa-
ration for early user operation in Run 3, which will start 
at the end of November 2018 for the SASE3 instruments 
SQS and SCS and continue until June 2019, with a long 
shutdown over Christmas. The newly appointed PRP 
members for the SASE2 and SASE3 instruments will be 
on duty for two years, helping to shape the start of early 
user operation of the facility with their reviews. All PRPs 
are comprised of international experts selected by the 
European XFEL Management Board in the scientific areas 
relevant to a given instrument, from shareholder countries 
of the European XFEL as well as from non-member 
countries worldwide.

Company Development
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Budget and Third-Party Funding

In parallel to the operation budget, the investments of  
the remaining construction budget continued for the 
beamlines SASE2 and SASE3 as well as for the remaining 
buildings. Due to the start of operation and the capitali-
zation of fixed assets of the facility, the capital provision 
process was improved. To increase efficiency, the 
electronic workflow for incoming invoices was further 
developed, resulting in faster processing.

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

At the end of 2018, after SASE3 started operation, 97% 
of the total cash budget for construction was spent.  
The total European XFEL payment budget in 2018 
amounted to 169.6 M€. Of this, 117.6 M€ (69.3%) was 
related to operation and 52 M€ (30.7%) was allocated  
to cover ongoing construction projects. Certain activities 
were prioritized to reach their goals in 2018. For “Machine 
and technical infrastructure”, with a total budget of  
87 M€ (51%), 57.8 M€ was spent on the operation of  
the accelerator, 13 M€ was devoted to civil construction, 
and 16 M€ was used for the technical infrastructure of 
the headquarters building and the experiment hall.  
For “Beamlines and experiments”, with a total budget of 
57 M€ (33.6%), 26.9 M€ was spent on capital investment 
due to the ongoing construction phase during most of the 
year, and 5.3 M€ was spent on commissioning.

Capital and recurrent costs have both the same portion 
(34%) due to the construction and operation costs 
running in parallel. The personnel costs of 48.5 M€ 
include personnel from European XFEL and DESY. 

For 2019, an annual payment operation budget of 118.6 M€ 
was approved. In addition, to finalize the construction 
phase, a further 25.7 M€ was approved.

Beside the core funding by the shareholder countries, 
third-party funding plays an increasing role within the 
budget portfolio of European XFEL, providing flexibility 
for important projects. The European Union, within the 
framwork of its Horizon 2020 research and innovation 
programme, and the DFG are examples of the type of 
prestigious funding bodies making these contributions, 
underlining the high quality of research projects per-
formed by European XFEL scientists.

In 2018, European XFEL participated in 19 research  
projects, nine of which were funded by Horizon 2020, 
eight by national funding organizations such as DFG and 
BMBF, and two by non-German partners. The overall 
income of these projects is 8 M€, in which three quarters 
come from European funding and one quarter from 
national funding. The funds spent by third-party projects 
amounted to about 980 k€ in 2016, 1400 k€ in 2017,  
and 1400 k€ in 2018. 

In 2018, 17 staff members were employed exclusively  
for third-party–funded projects. Five projects ended in  
2018, while six new projects were started, with a total 
funding volume of 3.2 M€.

Purchases

During the year, 7105 purchase orders for goods and 
services were issued, amounting to a total value of  
26 890 k€. In addition, another 258 purchase orders  
related to buildings and construction were placed  
during 2018, for a total of 5217 k€.

Purchase orders for goods and services plus buildings 
and construction executed during the year amounted 
to 7363 k€, for a total value of 33 007 k€. Different 
procedural improvements were set up to address the 
consistently high volume of orders and tenders.

Total Budget 2018

Figure 1: Payments by major activity (2018)

Figure 2: Payments by budget items (2018)

As the first full calendar year of operation, 2018 was also the first year with 
a full operation budget, which included the budget for the accelerator.

Budget and Third-Party Funding
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Safety and Quality Management

Each activity established and every procedure imple- 
mented or adapted in 2018 addressed a different quality 
opportunity: 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 European XFEL shareholder countries as 
well as the legal boundary condition for administrative 
processes were addressed.

Particular focal points are safety and radiation protection, 
the implementation of an enterprise resource planning 
(ERP) system, further development of asset management, 
and an external customer audit. Besides these activities, 
risk management and regular internal audits as well as an 
external end-of-year audit are part of our QM strategy. 
The results were reported to the management board.

Safety and radiation protection 

To ensure the safe operation of the European XFEL 
facility, organizational and technical aspects have to  
be taken into consideration, arising from ionizing 
radiation, from biological and chemical risks as well as 
from special organizational matters. In 2018, European 
XFEL implemented measures to further improve the  
high safety standards for employees, users, and the  
general public. 

Ionizing radiation 

The X-ray beams and the driving electron beam require 
complete containment and robust personal protection 
systems. The radiation protection measures currently  
in place ensure safe operation, but limit the maximum 
achievable performance of the facility’s X-ray beams. 
Development efforts that include additional detection 
measures are under way to allow operation at maxi-
mum performance.

Chemical and biological risks 

User groups bring a wide array of biological and 
chemical agents to the facility. These agents must be 
safely accommodated. European XFEL carries out risk 
assessments with all user groups visiting the facility and 
develops handling instructions and procedures together 
with these groups. A special challenge arises from the 
high intensity of the X-ray beam, which typically vapourizes 
the samples inside or outside sample chambers. Special 
cleaning procedures are under development to ensure 
that no harmful remnants remain after the experiment.

Occupational safety

Since the middle of 2018, European XFEL is the responsible 
operator of the European XFEL facility. DESY operates the 
accelerator complex for European XFEL. European XFEL 
and DESY are individually responsible for their respective 
work safety organizations. Special attention needs to be 
paid to the coordination. A joint safety committee super- 
vises a consistent implementation of safety standards and 
mediates in case of conflicts. 

Enterprise resource planning 

To improve the reliability and transparency of administrative 
processes, European XFEL in 2015 began the process of 
selecting an enterprise resource planning system (ERP) 
to store and manage data from every stage of administra-
tion and to guarantee the long-term quality assurance of 
financial and facility data. With the support of external 
consultants, the company documented the requirements. 
In January 2018, the supplier INFOR AG was selected. 
The new system is planned to be available starting in 
autumn 2019. In the first phase, it will cover the processes 
of procurement, finance, controlling, logistics, and 
warehousing and is expected to replace a variety of 
existing tools. 

The main goals of the project are the improvement and 
extension of services offered by the administrative groups 
as well as to increase efficiency and productivity in 
administrative processes. The ERP database will reduce 
errors originating from working with potentially deviating 
data from different sources. 

External customs audit

In 2018, the customs authorities from the federal state 
of Schleswig-Holstein performed an external audit. 
It included all deliveries received from third-party (non-EU) 
countries, with special attention to certain items imported 
via the customs exemption for scientific instruments and 
apparatuses. The audit confirmed that all goods imported 
via the exemption are being closely monitored and that 
European XFEL can, at all times, give detailed information 
of the whereabouts of these goods. The auditor especially 
appreciated the database of all imported items. At present, 
all imports made by European XFEL (2012–2018) as well as 
all imports DESY handled for the company are included in 
this database. 

The results of the audit were very positive and confirmed 
that suitable internal procedures are in place to adminis-
trate customs items.

Asset management 

In 2018, European XFEL introduced effective and holistic 
asset management (AM). The asset manager ensures that 
all assets are well managed over their whole lifecycle to 
sustainably achieve the stated organizational objectives of 
the company.

The general principles of AM at European XFEL are taken 
from the ISO 55000 standard. The AM system includes a 
set of tools that ensure that all AM activities are delivered 
as required. The AM policy was the first part of the 
system; another is the asset register. 

A good AM system also involves the development  
of AM strategies and plans that include work volumes 
and scheduling. The asset-related strategies were 
worked out with the different groups, and interfaces to 
other relevant involved parties, such as Procurement  
and Finance, were built. 

All four important elements of good AM—system, policy, 
register, and strategy—were introduced or defined in 
2018. In the coming years, these elements will be further 
developed and improved.

As part of a long-term QM concept, more standard 
operating procedures will be established, considering 
both scientific and administrative requirements. This will 
be an ongoing process during the next years and is 
defined as a management priority.

Quality management (QM) at European XFEL comprises different quality-oriented 
services, procedures, and guidelines. The intent is to blend international quality 
management of scientific institutions and research infrastructures with the latest 
thinking on the administration of bigger service units, with special regard to safety 
and reliability requirements. 

Safety training for staff

Safety and Quality Management
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Within the Röntgen–Ångström Cluster (RÅC), a Swedish–
German research collaboration in the fields of materials 
science and structural biology that aims to strengthen 
research at synchrotron and neutron radiation sources, 
European XFEL received funding for the project InVision 
together with Lund University in Sweden and TU Berlin 
in Germany. The aim of the project is to advance under- 
standing of the dynamics of metallic foams and granular 
matter using sub-microsecond single-shot multiprotection 
X-ray imaging.

Together with DESY, European XFEL was selected as 
organizer of the Synchrotron Radiation Instrumentation 
(SRI) conference 2021.

In June 2018, at the invitation of the First Mayor of 
Hamburg, more than 50 members of the Hamburg 
consular corps, representing more than 30 countries, 
visited European XFEL. 

In 2018, various institutions sought out expertise from 
European XFEL, notably the Organisation for Economic 
Co-operation and Development (OECD) on how to develop 
a global model for assessing the socio-economic impact of 
research infrastructures. The report was presented to the 
OECD Global Science Forum, where it was well received. 
The final version will be delivered in 2019.

Within the Baltic Science Network initiative, European XFEL 
experts were asked to provide their insight and suggest 
measures to improve cooperation in the Baltic Sea Region 
in the field of photon and neutron science. The report will 
be published in early 2019.

European XFEL also participates in EIROforum, a  
partnership of eight European intergovernmental research 
institutes. EIROforum promotes investment in curiosity- 
oriented science and usage of research infrastructures 
(RI). EIROforum provides a venue for various collaborative 
working groups between the partner research organizations. 

In 2018, European XFEL further strengthened  
its involvement in international scientific activities.

Participation in EU projects

Within the European Framework Programme Horizon 
2020, European XFEL collaborates on three new projects: 

•  The ATTRACT project (Grant Agreement No. 777222) 
was developed in cooperation with partner organizations 
from EIROforum, a collaboration of European intergov-
ernmental research institutions. The goal of ATTRACT  
is to boost European innovation in detection and 
imaging technologies by means of grants enabling 
projects to be started and—if successful—to provide 
new commercial products. 

•  The Photon and Neutron Open Science Cloud  
(PaNOSC, GA No. 823852) aims at making data 
findable, accessible, interoperable, and re-usable (FAIR) 
in six institutes that are part of the European Strategy  
Forum on Research Infrastructures (ESFRI), by developing 
and providing standardized data analysis services and 
connecting these services to the European Open 
Science Cloud (EOSC). 

•  In the Mass Spectrometry for Single Particle Imaging of 
Dipole Oriented protein Complexes (MS SPIDOC, GA 
No. 801406) project, scientists use intense X-ray light 
sources to produce 3D visualizations of the atomic 
structure and dynamics of biological molecules such  
as viruses and proteins. The goal is to be able to use 
single molecules, thereby circumventing the need for 
sample preparation steps such as crystallization.

The European Cluster of Advanced Laser Light Sources 
(EUCALL, GA No. 654220) project, which was coordinated 
by European XFEL, ended in 2018. EUCALL analysed  
and addressed the overlap between advanced light 
sources based on accelerators and those based on 
optical lasers. The project focused on common technical, 
scientific, and strategic issues, with the goals of optimizing 
the use of advanced laser light sources in Europe, 
simulating and supporting common long-term strategies 
and research policies, and developing and implementing 
services that work across the participating facilities.

European XFEL also participates in the following 
EU projects:

•  EOSCpilot (GA No. 739563), European Open  
Science Cloud for Research Pilot Project

•  OpenDreamKit (GA No. 676541), Open Digital  
Research Environment Toolkit for the Advancement  
of Mathematics

•  EDAX (GA No. 669531), Beating Complexity through  
Selectivity: Excited state Dynamics from Anti-Stokes 
and non-linear resonant inelastic X-ray scattering

•  CREMLIN (GA No. 654166), Connecting Russian  
and European Measures for Large-scale Research  
Infrastructures

•  CALIPSOplus (GA No. 730872), Convenient Access  
to Light Sources Open to Innovation, Science and  
to the World

Other international projects

In November 2018, the League of European Accelerator- 
based Photon Sources (LEAPS) held its first plenary 
meeting, at which 13 pilot research projects were presented. 
Philippe Froissard from the Directorate-General for 
Research & Innovation of the European Commission and 
representatives from national funding agencies also 
contributed to exploring different possibilities for funding 
common research projects.

European XFEL is also a partner in the Hanseatic League 
of Science (HALOS), a project set up in the Baltic Region 
under the EU Regional Development Fund INTERREG 
programme and approved in December 2018. Its goal is 
to create a globally competitive life science centre in 
the region. 

European XFEL renewed its collaboration agreement with 
RIKEN in Japan and signed a new collaboration agree-
ment with the Immanuel Kant Baltic Federal University 
(IKBFU) in Kaliningrad, Russia.

International Collaboration

In 2018, EIROforum engaged the topic of RI sustainability 
at a workshop in March in Sofia, Bulgaria, which was 
co-organized by the European Commission and the 
Bulgarian Presidency of the European Union, and as well 
various topics pertinent to Research Infrastructures at the 
International Conference on Research Infrastructures in 
Vienna, Austria, in September.

European XFEL, through EIROforum and in collaboration 
with the European Commission, provides a one-week stay 
at the facility to the winner of the European XFEL prize of 
the European Union Contest for Young Scientists (EUCYS). 
This year’s winner comes from the UK, one of the 
shareholders of the company. 

To position European XFEL on the international industrial 
scene and boost cooperation with businesses in the 
shareholder countries, the European XFEL Industrial 
Liaison Office invited Danish and Swedish companies as 
well as delegates from the Moscow Chamber of Commerce 
to seminars on the capabilities and opportunities at 
European XFEL. 

Visit of the Hamburg Consular Corps

International Collaboration
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European XFEL offers high-quality measurement equipment, 
like this interferometer setup, for lease to industry to make 
ultraprecise measurements.
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In 2018, European XFEL’s Industrial Liaison office (ILO) 
participated in the organization of the Big Science Business 
Forum. The event brought together key suppliers and 
high-level representatives of various international science 
institutes, including European XFEL, to explore new 
possibilities for advancing the development of novel 
technologies. The forum provided insight into procurement 
rules, intellectual property regulations, and technology 
transfer to market use. Furthermore, ILO organized 
specific workshops during the year through the international 
network of clusters and organizations that facilitate the 
contact between big science and industry, such as EurA, 
Big Science Sweden, and BigScience.dk. Potential 
suppliers and other interested parties participating in 
these workshops visited the facility to show which 
innovative technologies and services can contribute to 
the continuous upgrade of the facility. 

In order to investigate how industry might be able to 
use European XFEL beamtime, three workshops were 
organized for innovative biotechnology, materials science, 
and engineering companies, with the support of the 
industry clusters and networks EurA, PREVON, Norlin, 
and IWS Innovations- und Wissensstrategien. At the 
booths of the University of Kiel and the City of Hamburg 
at the Hannover Messe, ILO promoted the state-of-the-art 
technologies available at the facility in order to attract 
partners for possible collaborations.

More than 160 people from 62 companies participated 
in initial meetings to explore access and collaboration 
possibilities. For example, an event involving 60 engineers 
and managers from the Association of German Engineers 
was held with the aim of initiating collaborations. 

ILO also organized a seminar with a former employee  
of the European Patent Office and a member of the 
technology transfer office of the European Space Agency, 
informing scientists and engineers about the patenting 
process and, in particular, the patentability requirements 
for an invention. The first invention disclosures have 
already been submitted to ILO and are under evaluation. 
During the European XFEL’s construction phase, several 
innovative technologies developed for the facility in 
cooperation with suppliers already had an impact on 
the market: Examples include the accelerator’s supercon-
ducting niobium cavities, components for focusing and 
monitoring the photon beam, and the MicroTCA.4 
electronics standard.

Contacts to Industry
European XFEL is further developing its connections to private industry and is working 
to help its staff with entrepreneurship and intellectual property management.

European XFEL developed contacts with several science entrepreneurship and industrial networks and 

clusters, including Big Science Sweden and BigScience.dk.

European XFEL promoted its unique technological innovations 

at Hannover Messe.

Contacts to Industry
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However, there is still a long way to go to be able to offer 
our user community an extended amount of beamtime.  
Four out of the six instruments have hosted user 
experiments, but they have not yet reached their full 
capabilities. 

Many exciting experiments will be done in 2019, but some 
users may also encounter disappointments. Starting a 
complex facility such as the European XFEL means that 
every user experiment is, in its nature, really an experi-
ment in its own right—in contrast to a measurement—
wherein a range of instrumentation and parameters have 
to function at the same time. Every experiment will require 
a significant amount of dedication, effort, and endurance 
by European XFEL staff and the users before, during, and 
after the experiment. 

The first instruments that were taken into operation, FXE 
and SPB/SFX, have been hosting users since September 
2017. However, on these two instruments, a significant 
amount of commissioning still has to be done in order to 
enable full capabilities. In the spring and fall of 2019, 
beamtime offered to users will still be limited as compared 
to future capacities, but this will increase in the years to 
come. On the first two instruments, users conducted a 
wide range of experiments in the 2017/2018 user period. 
The first user results have been published, and more 
publications are on the way. 

The start of user operation on the SCS and SQS instru-
ments at the end of 2018 was a great success and will  
be followed up by more user experiments in 2019. The 
support from the user community has been fantastic and 
has helped a lot in getting a good and successful start. 
The instruments will expand their capabilities in 2019, 
including implementation of the DSSC detectors in 
mid-2019, which will be a significant and important step 
forward for both instruments.

The last two instruments to be commissioned are MID 
and HED, which will receive first users in 2019. MID will 

host first users in the second half of March and HED in 
May, if everything goes well. The MID instrument received 
first beam in the hutch and on the detector shortly before 
the Christmas shutdown, just in time to partially test some 
of the major instrumentation. A bold programme is 
planned for MID’s user experiments. HED will be the last 
instrument to come online. HED has a complicated and 
very ambitious instrumentation, where the first part will  
be tested under user conditions in the first half of 2019.  
The HED instrumentation is built in close collaboration 
with the HiBEF user consortium, which is led by Helmholtz 
Zentrum Dresden-Rossendorf (HZDR).

Another huge challenge is waiting in 2019: the parallel 
operation of all three SASE radiation sources. The high 
repetition rates of electron pulses in the accelerator allow 
the distribution of pulses to all three SASE light sources  
at the same time, as demonstrated in December 2018 
(see Figure 1 in “Facility Development”). So far, only one 
instrument is able to run at a time at European XFEL. 
In spring 2019, parallel user operation of more than one 
instrument is planned. Although it was of course planned 
from the start, the parallel operation of the SASE light 
sources will not be easy. First experiments from the end 
of 2018 showed that there is “crosstalk”, or disruptive 
interference caused by one source affecting another 
source’s output, which might put up challenges in order to 
have independent experiments at, for instance SASE1 and 
SASE3, where the same electron bunch goes through both 
light sources. This could be a difficulty that needs to be 
dealt with, and only experience gained in the first half of 
2019 will show the way forward. SASE2 ran well at the 
end of 2018, despite alignment problems in the undulators,  
and it will hopefully come up to full pulse power in 2019. 

Apart from parallel operation of the accelerator and the 
light sources, it will also be an organizational challenge to 
run several experiments in parallel. Running more than one 
instrument at a time also means that more support from the 
European XFEL scientific and technical groups will be 
needed for more users at any given time. 

Only by experimenting with having more than one instru-
ment in user mode will we have the possibility of learning 
and planning the best way of operating the facility. 
In particular, this includes the organization and prioritization 
of the many requests that arise from user operation, 
requests that at times will not be compatible with each other.

The new demands of operation also impose a need to 
look much closer at the structure and organization of 
European XFEL. The present company structure will not 
fulfil the needs of effective facility operation, with the 
increasing demands of support from the instruments.  
Nor can the present organisation support a continuous 
development of the instruments, which is required in order 
to support future science. The facility cannot afford to 
have full technical support within each instrument group. 
Resources and know-how have to be shared. 
 
The organization of European XFEL will hence be divided 
into three divisions: one for the scientific instruments, 
one for operation and development of scientific instru-
mentation, and one for administration. This enables a 
stronger scientific focus on the development of the six 
instruments with the goal of allowing high-level science  
to be performed while, simultaneously supporting the 
complex organization of support for detectors, controls, 
electronics, and data acquisition in a cost-effective 
manner. This restructuring also prioritizes the running of 
the accelerator and the generation of the X-ray pulses. 
More capabilities and higher reliability of the instruments 
are a major goal. This is a non-trivial task that will be the 
core effort in the new organization. 

Sakura Pascarelli will start as the successor of Scientific 
Director Andreas Schwarz in the second half of 2019. 
Together with Serguei Molodtsov, she will have the important 

Director's Outlook

task to lead the scientific instruments to assure that the 
capabilities and the scientific foundations are at the 
forefront of research.

The company restaurant BeamStop will open in April 2019, 
leading to a major change in the social life of European XFEL. 
The restaurant will not only offer daily food for users and 
staff, but also opportunities to meet and further improve 
the exchange of information across the entire facility. 

Finally, shaping the future of European XFEL will be  
an important task in the coming years. The baseline  
configuration of the European XFEL comprises at least  
10 instruments, including four new instruments in addition 
to the six existing ones. Of the five tunnels entering the 
experiment hall, three contain the light sources SASE1, 
SASE2, and SASE3 and their corresponding photon 
transport systems. The other two tunnels are foreseen 
 for new radiation sources, dubbed SASE4 and SASE5.  
A two-day kickoff workshop held at the end of 2018 
focused on these light sources for the empty tunnels, 
which are shorter than those of SASE1 and SASE2. 
The workshop participants discussed a range of interest-
ing new possibilities, including possibilities for hard X-ray 
lasing and attosecond capabilities. The first workshop will 
be followed in 2019 by workshops focusing on new 
scientific areas that could be explored. The ideas and 
results will be condensed in the form of a compendium that 
will be further discussed and be followed up by targeted 
workshops, before it will be decided which ideas and areas 
should be addressed in a full scientific document. A very 
important part of the planning is to identify funding sources 
for construction, as a significant investment will be needed 
and the operational cost must also be scrutinized. User 
operation of the new instruments will only take place in  
the second half of the next decade.

Without a doubt, 2019 will be as exciting and fun—but also as tough and challenging— 
as 2018. We have come a long way towards getting into the full technical operation of the 
European XFEL—meaning all six instruments in user operation—which will happen in the 
first half of 2019.

Robert Feidenhans'l, Managing Director

Director’s Outlook
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As of December 2018, 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 costs for the facility 
amount to 117.6 million euro. The construction costs, 
including commissioning, amounted to 1.25 billion euro 
(at 2005 price levels). Currently, the host country, Germany 
(federal government, city-state of Hamburg, and state of 
Schleswig-Holstein) covers 58% of the costs. Russia 
contributes 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.

At a Glance

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 European XFEL is a research facility that opens up new research opportunities for  
science and industry. The 3.4 km long X-ray FEL, which started operation in September 2017, 
generates ultrashort 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.

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

At a Glance
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Staff

* responsible for Accelerator Liaison

** joint group with Universität Hamburg

European X-Ray Free-Electron Laser Facility GmbH, December 2 0 1 8

Staff statistics 
 
In 2018, the European XFEL workforce grew  
from 397 to 443 (+11.6%).

The number of employees grew as follows:
Scientists: 206 (+23)
Engineers: 114 (+14)
Technical staff: 59 (+2)
Administrative staff: 64 (+7)

European XFEL’s staff comes from 49 countries around the globe, bringing together various 
kinds of expertise to enable and support scientific research at this worldwide unique facility.

Staff development  

Total headcount including guests and 
completed contracts: 443

Contractual status

Internal Audit
Jörg Schaper

X-Ray Optics
Harald Sinn

Administration
Nicole Elleuche

Theory**
A. Lichtenstein

Sample  
Environment

Joachim Schulz

Scientific Unit
Serguei Molodtsov*

MB Office

MB Assistant
Frédéric Le Pimpec 

Secretariat

Finance / Controlling /
Grant Management

Uta Sprenger

Press and Public
Relations

Bernd Ebeling

Safety and Radiation
Protection

Tobias Haas

Photon Systems
Project Office

Gerd Wellenreuther

Human Resources
Wolf-Ulrich 
Sauermann

Legal
Malte Laub

Procurement
Kitty Fritz-Nielen

User Office
Silvia Bertini

Library
Martin Köhler

Asset Management
Alexander Frank

Simulation of 
Photon Fields

Gianluca Geloni

Scientific 
Instrument SQS

Michael Meyer

Scientific 
Instrument SCS

Andreas Scherz Scientific  
Instrument SPB/SFX

Adrian Mancuso

Scientific 
 Instrument MID

Anders Madsen

Scientific 
Instrument HED

Ulf Zastrau

Scientific  
Instrument FXE

Christian Bressler

Technical Services
Lorenz Kersting

Optical Lasers
Maximilian Lederer

Undulator 
Systems

Joachim Pflüger

Vacuum
Martin Dommach

Central Instruments
Engineering

X-Ray Photon
Diagnostics

Jan Grünert

Advanced
Electronics

Patrick Geßler

Electrical
Engineering Team

Laurens Wißmann IT & Data
Management

Krzysztof Wrona

Scientific Unit
Thomas Tschentscher

Management Board

Robert Feidenhans’l  
(Chairman, Managing Director)

Nicole Elleuche (Managing Director)

Serguei Molodtsov (Scientific Director)
Thomas Tschentscher (Scientific Director)
Andreas S. Schwarz (Scientific Director, 

 until October 2018)

Distinguished

Advisor

Mikhail Rychev

Industrial Liaison
Office

Antonio Bonucci

Detectors
Markus Kuster

Control & Analysis
Software

Sandor Brockhauser

Staff

Jan 17

Jan 18

Apr 17

Apr 18

Jul 17

Jul 18

Okt 17

Oct 18

Dec 18

Engineers

Scientists

Administrative staff

Technical staff

20

50 48 93

49 45 90 159

167

57 53 97 185

54 53 96 184

56 55 101 176

59 55 105 184

63 58 110 198

65 58 108 201

64 59 114 206

70 120 170 220 270 320 370 420

Employee permanent

Managing Directors

Employee limited

Employee students

Employee postdocs

Non-employee guests/delegates

4

214

139

10
1

75

Engineers Scientists

Gender split-up
100

80

60

40

20

Administrative staff

Total Share of Women: 23.48%

Total Share of Men: 76.52%

Technical staff

85.96% 82.04% 89.83%

14.04% 17.96% 10.17%

Female

Male

29.69%

70.31%



6968 Annual Report 2018Facts and Figures

Only scientists

37 citizenships in total

*incl. 6 double citizenships

49 citizenships in total

*incl. 10 double citizenships

Germany  
226

Russia  
17

Italy 
16

Poland  
15

United 
Kingdom  

10

Germany  
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stan 
1
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1
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1

Congo 

1
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1
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1

United 
States 

1
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1
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1
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1
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land  
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2
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2
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2
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2
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3

Japan  
4

China 
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5
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3

France 
3
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2
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2

Greece  
4
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4
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4

India  
8

Spain  
8

Italy  
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China 
11

Poland  
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Ukraine 
9
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16

France  
10

United  
States  

7

Croatia 
5

Slovakia  
5

Brazil  
5
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5
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3
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3

Hungary 
3

Australia 
3

Slovenia 
3

Mexico 
3
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3

New  
Zealand  

1

All staff

Staff
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The shareholders are designated by the governments 
of the international partners, who commit themselves 
in an intergovernmental Convention to support the 
construction and operation of the European XFEL. 
In 2018, the Convention, which was originally signed 
in 2009, came into full effect. Furthermore, Italy and the 
United Kingdom nominated shareholders, who acceded 
to European XFEL GmbH in 2018. 

The Council—which comprises representatives from the 
individual shareholders and acts as the highest-ranked 
organ of the European XFEL GmbH—is, among many 
other activities, preparing policies for the accession of 
further shareholders.

Shareholders

Country Present (bold) or likely shareholder of the European XFEL GmbH

Denmark  DASTI  (Danish Agency for Science, Technology, and Innovation)

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

Germany  DESY (Deutsches Elektronen-Synchrotron)

Hungary  NRDI Office  (National Research, Development and Innovation Office)

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

Poland NCBJ (National Centre for Nuclear Research)

Russia NRC KI  (National Research Centre “Kurchatov Institute”)

Slovakia Slovak Republic

Spain Kingdom of Spain

Sweden VR (Swedish Research Council)

Switzerland Swiss Confederation

United Kingdom UKRI (UK Research and Innovation)

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

Chairperson  Martin Meedom Nielsen  
(DTU, Kongens Lyngby) until 30 June 
2018, Maria Faury (CEA, Paris) since  
1 July 2018 

European XFEL Council 

The European XFEL Council is the supreme organ of the company, in which up to two delegates represent the 
shareholders of each contracting party. It meets at least twice a year. The Council functions as the shareholders’ 
assembly and decides on important issues of company policy.

Delegates

Denmark  Morten Scharff 
(DASTI, Copenhagen)

France  Maria Faury 
(CEA, Paris) until 30 June 2018, Pascal 
Debu (CEA, Paris) since 1 July 2018, and 
Emmanuelle Lacaze (CNRS, Paris)

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

Hungary  Dénes Lajos Nagy 
(Wigner Research Centre for Physics, 
Hungarian Academy of Sciences, Budapest)

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

Poland  Mateusz Gaczyński  
(Ministry of Science and Higher Education, 
Warsaw) and Grzegorz Wrochna (NCBJ, 
Otwock-Świerk)

Russia  Mikhail Kovalchuk (NRC KI, Moscow) and 
Andrey Anikeev (Ministry of Education and 
Science, Moscow)

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

Sweden  Johan Holmberg  
(Swedish Research Council, Stockholm), 
Ingmar Persson (Swedish University of 
Agricultural Sciences, Uppsala)  
until 30 June 2018, and Lars Börjesson  
(Chalmers University of Technology, 
Gothenburg) since 1 July 2018

Switzerland  Bruno Moor  
(State Secretariat for Education, 
Research and Innovation, Bern) until 31 
October 2018, Laurent Salzarulo (State 
Secretariat for Education, Research and 
Innovation, Bern) since 1 December 
2018, and Gabriel Aeppli (PSI, Villigen)

United  
Kingdom   Neil Pratt  

(UK Research and Innovation, Swindon)

Secretary  Malte Laub  
(European XFEL, Schenefeld,  
Germany)

Vice Secretary  Meike Flammer  
(European XFEL, Schenefeld, Germany)

Management, Council, and Committees

Vice Chairperson  Lars Börjesson  
(Chalmers University of Technology, 
Gothenburg) until 30 June 2018, 
Martin Meedom Nielsen (DTU, 
Kongens Lyngby) since 1 July 2018

Shareholders
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Chairperson  Xavier Reymond  
(State Secretariat for Education, 
Research and Innovation, Bern) 

Administrative and Finance Committee (AFC) 

The Administrative and Finance Committee (AFC) is a committee of the European XFEL Council.  
It is charged with the general responsibility of advising the council on all matters of administrative 
issues and of financial management. The shareholders of each contracting party together 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. 

Delegates

Denmark  Morten Scharff  
(DASTI, Copenhagen)

France  Salah Dib (CEA, Paris), Stéphanie 
Dupuis (CNRS, Paris) until March 2018, 
and Sébastien Borel (CNRS, Paris) since 
April 2018

Germany  Andreas Volz (BMBF, Bonn) and 
Christian Harringa (DESY, Hamburg)

Hungary  Barbara Tóth-Vizkelety  
(NRDI Office, Budapest) until January 
2018, Györgyi Kolossváryné Juhász  
since November 2018)

Poland  Zbigniew Gołębiewski (NCBJ, 
Otwock-Świerk) and Michał Rybiński 
(Department of Innovation and Develop-
ment at the Ministry of Science and 
Higher Education, Warsaw) 

Russia  Valeriy Nosik  
(NRC KI, Moscow)

Slovakia  Pavol Sovák (P.J. Šafárik University, 
Košice) and Lukáš Zendulka  
(Ministry of Education, Science,  
Research, and Sport)

Sweden  Hanifeh Khayyeri  
(Swedish Research Council, Stockholm) 

Switzerland  Peter Allenspach (PSI, Villigen) and 
Doris Wohlfender-Bühler (State  
Secretariat for Education, Research  
and Innovation, Bern)

Secretary  Uta Sprenger  
(European XFEL, Schenefeld, Germany)

Vice Secretary  Deike Pahl 
(European XFEL, Schenefeld, Germany)

Vice Chairperson  Neil Pratt 
(UK Research 
and Innovation, Swindon)

Machine Advisory Committee (MAC)

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

Members  Camille Ginsburg  
(Fermilab, Batavia, Illinois, USA)

  Ángeles Faus-Golfe  
(University of Valencia, Spain) 

 
   Evgeny Levichev  

(BINP, Novosibirsk, Russia)

  Heung-Sik Kang  
(PAL, Pohang, South Korea)

Chairperson  Andrzej Wolski  
(University of Liverpool, UK)

  Franz-Josef Decker  
(SLAC, Menlo Park, California, USA)

  Luca Giannessi  
(Elettra Sincrotrone Trieste, Italy)

  Caterina Biscari  
(ALBA Synchrotron Light Source, 
Barcelona, Spain) 

  Peter Michel  
(HZDR, Dresden, Germany) 

Scientific Advisory Committee (SAC) 

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 build-up of the scientific capacity of the European XFEL facility 
and its full and effective utilization as well as on future developments required to maintain the scientific and 
technical productivity of the facility at the highest possible level.

Chairperson Stefan Eisebitt (MBI, Germany)

European XFEL Management Board 

The European XFEL Management Board is composed of its chairperson and 
the administrative director and three scientific directors.

Chairperson Robert Feidenhans’l 

Administrative Director  Nicole Elleuche  
(since 1 April 2018)

Scientific Director Serguei Molodtsov

Scientific Director  Andreas S. Schwarz  
(until 30 September 2018)

Scientific Director Thomas Tschentscher

Members  Rafael Abela (PSI, Villigen,  
Switzerland) until October 2018 

  Olga A. Alekseeva  
(IC RAS, Moscow, Russia)

  Mike Dunne (SLAC, Menlo Park, 
California, USA) 

  Guillaume Fiquet  
(IMPMC, Paris, France)

  Gerhard Grübel  
(DESY, Hamburg, Germany) 

  Maya Kiskinova  
(Elettra Sincrotrone Trieste, Italy) 

  Inari Kursula (University of Bergen, 
Norway; University of Oulu, Finland; 
CSSB, Hamburg, Germany) 

  Anders Nilsson  
(Stockholm University, Sweden) 

  Keith Nugent (La Trobe University, 
Melbourne, Australia) 

  Christoph Quitmann  
(Lund University, Sweden) 

 Ian Robinson (UCL, London, UK) 

  Ilme Schlichting (MPI for Medical 
Research, Heidelberg, Germany) 

Management, Council, and Committees
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Detector Advisory Committee (DAC)

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. 

Chairperson  Jörn Wilms (University of Erlangen,  
Germany)

Laser Advisory Committee (LAC) 

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

Chairperson  Jonathan Zuegel  
(University of Rochester, USA)

Members  Giulio Cerullo  
(Politecnico di Milano, Italy)

  Miltcho Danailov  
(Elettra Sincrotrone Trieste, Italy)

  Thomas Dekorsy (German Aerospace 
Centre, Stuttgart, Germany)

Access to beamtime for non-proprietary research at European XFEL is granted on the 
basis of peer review of scientific proposals. The Proposal Review Panels are in charge of 
the evaluation of the scientific merit of these proposals.

 FXE Proposal Review Panel 

Chairperson  Villy Sundström  
(Lund University, Sweden)

Members  Majed Chergui  
(EPFL, Switzerland)

  Frank de Groot  
(Utrecht University, the Netherlands)

  Thomas Elsässer  
(MBI, Berlin, Germany)

  Jerome Hastings  
(SLAC, Menlo Park, California, USA)

  Adela Muñoz Páez  
(University of Sevilla, Spain)

Members  Roland Horisberger  
(PSI (retired), Villigen, Switzerland)

  Christopher J. Kenney  
(SLAC, Menlo Park, California, USA)

  David Quarrie  
(LBNL (retired), Berkeley, California, 
USA) until 14 December 2018

  Patrick Georges  
(Institut d’Optique, Paris, France)

  Uwe Morgner  
(Laserzentrum Hannover, Germany)

  William E. White  
(SLAC, Menlo Park, California, USA)

  Jens Meyer  
(ESRF, Grenoble, France) until 
14 December 2018

  Eric Eikenberry (DECTRIS Ltd. (retired), 
Baden, Switzerland) until 25 May 2018

  Kay Rehlich  
(DESY (retired), Hamburg, Germany)

  Sylvain Ravy  
(Laboratoire de Physique des 
Solides, Orsay, France)

  Alexander Soldatov  
(Southern Federal University, 
Rostov-on-Don, Russia)

   Metin Tolan  
(TU Dortmund, Germany)

  Michael Wulff  
(ESRF, Grenoble, France)

HED Proposal Review Panel

Chairperson  Sakura Pascarelli  
(ESRF, Grenoble, France)

Members  Michael Armstrong  
(LLNL, Livermore, USA)

  Guillaume Fiquet  
(IMPMC, Paris, France)

  Zahirul Islam  
(ANL, Argonne, Illinois, USA)

  Mattias Marklund  
(Chalmers University,  
Gothenburg, Sweden)

  David Neely  
(CLF, Didcot, United Kingdom)

  Paul Neumayer  
(GSI, Darmstadt, Germany)

  Norimasa Ozaki  
(Osaka University, Osaka, Japan)

  Sergey Pikuz  
(Institute for High Pressure Physics, 
Troitsk, Russia)

  Ryszard Sobierajski  
(Polish Academy of Sciences,  
Warsaw, Poland)

  Klaus Sokolowski-Tinten  
(University Duisburg-Essen, Germany)

 Secretaries  Oliver Mücke (CFEL and DESY,  
Hamburg, Germany) until November 2018, 
Nele Müller (DESY, Hamburg, Germany) 
since November 2018

 

Andreas Galler (European XFEL,  
Schenefeld, Germany)

  David Stuart (University of Oxford, UK) 
until October 2018

  Linda Young  
(ANL, Argonne, Illinois, USA)

 Secretary   Gianluca Geloni  
(European XFEL, Schenefeld, 
Germany)
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MID Proposal Review Panel

Chairperson  Giulio Monaco  
(University Trento, Italy)

Members  Paul Fuoss  
(LCLS, Stanford, USA)

  David Le Bolloc’h  
(Laboratoire de Physique  
des Solides, Orsay, France)

  Henrik Lemke  
(PSI, Villigen, Switzerland)

  Bridget Murphy  
(Christian-Albrechts-University, 
Kiel, Germany)

  Anton Plech  
(KIT, Germany)

  Ian Robinson  
(UCL, United Kingdom)

  Anatoly Snigirev  
(Immanuel Kant Baltic Federal  
University, Kaliningrad, Russia)

  Michael Sprung  
(DESY, Hamburg, Germany)

SCS Proposal Review Panel

Chairperson  Jan-Erik Rubensson  
(Uppsala University, Sweden)

Members  Nicholas Brookes  
(ESRF, Grenoble, France)

  Manuel Guizar-Sicairos  
(PSI, Villigen, Switzerland)

  Simo J. Huotari  
(University of Helsinki, Finland)

  Steven Johnson  
(ETH Zürich, Switzerland)

  Alexey Kimel  
(Radboud University, Nijmegen,  
the Netherlands)

  Maya Kiskinova  
(Elettra Sincrotrone Trieste, Italy)

SPB/SFX Proposal Review Panel

Chairperson  Sine Larsen 
(University of Copenhagen, Denmark)

Members  Gyula Faigel  
(Wigner Research Centre of Physics, 
Hungarian Academy of Sciences, 
Budapest, Hungary)

  Elspeth Garman  
(University of Oxford, United Kingdom)

  Cameron Kewish  
(Australian Synchrotron,  
Clayton, Australia)

  Inari Kursula  
(University of Bergen, Norway;  
University of Oulu, Finland; CSSB, 
Hamburg, Germany)

SQS Proposal Review Panel

Chairperson  Eckart Rühl  
(Freie Universität Berlin, Germany)

Members  John D. Bozek  
(Synchrotron SOLEIL,  
Gif-sur-Yvette, France)

  Carlo Callegari  
(Elettra Sincrotrone Trieste, Italy)

  John Costello  
(Dublin City University, Ireland)

  Alexei Grum-Grzhimailo  
(Lomonosov Moscow State 
University, Russia)

  Jon Marangos 
(Imperial College, London,  
United Kingdom)

  Thomas Pfeifer  
(MPI for Nuclear Physics,  
Heidelberg, Germany)

  Stacey L. Sorensen  
(Lund University, Sweden) 

  Frank Stienkemeier  
(University of Freiburg, Germany)

  Linda Young  
(ANL, Argonne, Illinois, USA)

  Beata Ziaja-Motyka  
(CFEL, Hamburg, Germany)

  Jan Lüning 
(University Pierre et Marie Curie, 
Paris, France)

  Claudio Masciovecchio  
(Elettra Sincrotrone Trieste, Italy)

  Ian McNulty  
(MAX IV, Lund, Sweden)

  Marcin Sikora 
(AGH University of Science and 
Technology, Kraków, Poland)

  Victor Lamzin  
(EMBL, Hamburg, Germany)

  Thomas Möller 
(TU Berlin, Germany)

  Christian Riekel  
(ESRF, Grenoble, France)

  Christian Schroer  
(DESY, Hamburg, Germany)
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 Journals

User Publications

Megahertz data collection from  
protein microcrystals at an X-ray free-electron laser
M.L. Grünbein, J. Bielecki, A. Gorel, M. Stricker, R. Bean, 
M. Cammarata, K. Dörner, L. Fröhlich, E. Hartmann,  
S. Hauf, M. Hilpert, Y. Kim, M. Kloos, R. Letrun, 
M. Messerschmidt, G. Mills, G. Nass Kovacs, 
 M. Ramilli, C.M. Roome, T. Sato, M. Scholz, M. Sliwa,  
J. Sztuk-Dambietz, M. Weik, B. Weinhausen,  
N. Al-Qudami, D. Boukhelef, S. Brockhauser, W. Ehsan, 
M. Emons, S. Esenov, H. Fangohr, A. Kaukher, T. Kluyver, 
M. Lederer, L. Maia, M. Manetti, T. Michelat, A. Münnich, 
F. Pallas, G. Palmer, G. Previtali, N. Raab, A. Silenzi,  
J. Szuba, S. Venkatesan, K. Wrona, J. Zhu, R.B. Doak,  
R.L. Shoeman, L. Foucar, J.-P. Colletier, A.P. Mancuso, 
T.R.M. Barends, C.A. Stan, I. Schlichting
Nat. Commun. 9 (1), 3487 (2018) 
doi:10.1038s41467-01805953-4

Megahertz serial crystallography
M.O. Wiedorn, D. Oberthür, R. Bean, R. Schubert,  
N. Werner, B. Abbey, M. Aepfelbacher, L. Adriano,  
A. Allahgholi, N. Al-Qudami, J. Andreasson, S. Aplin,  
S. Awel, K. Ayyer, S. Bajt, I. Barák, S. Bari, J. Bielecki,  
S. Botha, D. Boukhelef, W. Brehm, S. Brockhauser,  
I. Cheviakov, M.A. Coleman, F. Cruz-Mazo, C. Danilevski, 
C. Darmanin, R.B. Doak, M. Domaracky, K. Dörner, Y. Du, 
H. Fangohr, H. Fleckenstein, M. Frank, P. Fromme,  
A.M. Gañán-Calvo, Y. Gevorkov, K. Giewekemeyer,  
H.M. Ginn, H. Graafsma, R. Graceffa, D. Greiffenberg,  
L. Gumprecht, P. Göttlicher, J. Hajdu, S. Hauf, M. Heymann, 
S. Holmes, D.A. Horke, M.S. Hunter, S. Imlau, A. Kaukher, 
Y. Kim, A. Klyuev, J. Knoška, B. Kobe, M. Kuhn, C. Kupitz, 
J. Küpper, J.M. Lahey-Rudolph, T. Laurus, K. Le Cong,  
R. Letrun, P.L. Xavier, L. Maia, F.R.N.C. Maia, V. Mariani, 
M. Messerschmidt, M. Metz, D. Mezza, T. Michelat,  
G. Mills, D.C.F. Monteiro, A. Morgan, K. Mühlig, A. Munke, 
A. Münnich, J. Nette, K.A. Nugent, T. Nuguid, A.M. Orville, 
S. Pandey, G. Pena, P. Villanueva-Perez, J. Poehlsen,  
G. Previtali, L. Redecke, W.M. Riekehr, H. Rohde, A. Round, 
T. Safenreiter, I. Sarrou, T. Sato, M. Schmidt, B. Schmitt, 
R. Schönherr, J. Schulz, J.A. Sellberg, M.M. Seibert, 
C. Seuring, M.L. Shelby, R.L. Shoeman, M. Sikorski,  
A. Silenzi, C.A. Stan, X. Shi, S. Stern, J. Sztuk-Dambietz, 
J. Szuba, A. Tolstikova, M. Trebbin, U. Trunk, P. Vagovic, 
T. Ve, B. Weinhausen, T.A. White, K. Wrona, C. Xu, 

O. Yefanov, N. Zatsepin, J. Zhang, M. Perbandt, 
A.P. Mancuso, C. Betzel, H. Chapman, A. Barty
Nat. Commun. 9 (1), 4025 (2018)
doi:10.1038/s41467-018-06156-7

Staff Publications

A sensitive EUV Schwarzschild microscope for plasma 
studies with sub-micrometer resolution
U. Zastrau, C. Rödel, M. Nakatsutsumi, T. Feigl, K. Appel, 
B. Chen, T. Döppner, T. Fennel, T. Fiedler, L.B. Fletcher,  
E. Förster, E. Gamboa, D.O. Gericke, S. Göde, C. Grote- 
Fortmann, V. Hilbert, L. Kazak, T. Laarmann, H.J. Lee,  
P. Mabey, F. Martinez, K.-H. Meiwes-Broer, H. Pauer,  
M. Perske, A. Przystawik, S. Roling, S. Skruszewicz,  
M. Shihab, J. Tiggesbäumker, S. Toleikis, M. Wünsche,  
H. Zacharias, S.H. Glenzer, G. Gregori
Rev. Sci. Instrum. 89 (2), 023703 (2018)
doi:10.1063/1.5007950

Absorbing boundary layers for spin  
wave micromagnetics
G. Venkat, H. Fangohr, A. Prabhakar
J. Magn. Magn. Mater. 450, (2018)
doi:10.1016/j.jmmm.2017.06.057

Active site localization of methane oxidation on  
Pt nanocrystals
D. Kim, M. Chung, J. Carnis, S. Kim, K. Yun, J. Kang,  
W. Cha, M.J. Cherukara, E. Maxey, R. Harder, K. Sasikumar, 
S. K. R. S. Sankaranarayanan, A. Zozulya, M. Sprung,  
D. Riu, H. Kim
Nat. Commun. 9 (1), 3422 (2018)
doi:10.1038/s41467-018-05464-2

All-optical structuring of laser-driven proton  
beam profiles
L. Obst-Huebl, T. Ziegler, F.-E. Brack, J. Branco,  
M. Bussmann, T.E. Cowan, C.B. Curry, F. Fiuza, M. Garten, 
M. Gauthier, S. Göde, S.H. Glenzer, A. Huebl, A. Irman, 
J.B. Kim, T. Kluge, S.D. Kraft, F. Kroll, J. Metzkes-Ng,  
R. Pausch, I. Prencipe, M. Rehwald, C. Roedel,  
H.-P. Schlenvoigt, U. Schramm, K. Zeil
Nat. Commun. 9 (1), 5292 (2018)
doi:10.1038/s41467-018-07756-z

An Experimental Protocol for Femtosecond  
NIR/UV - XUV Pump-Probe Experiments with 
Free-Electron Lasers
D. Rolles, R. Boll, B. Erk, D. Rompotis, B. Manschwetus
J. Vis. Exp. 140 (140), e57055 (2018)
doi:10.3791/57055

Anharmonicity of the vibrational modes of  
phase-change materials: A far-infrared, terahertz,  
and Raman study
K. Shportko, P. Zalden, A. Lindenberg, R. Rückamp,  
M. Grüninger
Vib. Spectrosc. 95, 51–56 (2018)
doi:10.1016/j.vibspec.2018.01.005

Attosecond time-energy structure of X-ray  
free-electron laser pulses
N. Hartmann, G. Hartmann, R. Heider, M.S. Wagner,  
M. Ilchen, J. Buck, A.O. Lindahl, C. Benko, J. Grünert,  
J. Krzywinski, J. Liu, A.A. Lutman, A. Marinelli, T. Maxwell, 
A.A. Miahnahri, S.P. Moeller, M. Planas, J. Robinson,  
A.K. Kazansky, N.M. Kabachnik, J. Viefhaus, T. Feurer,  
R. Kienberger, R.N. Coffee, W. Helml
Nat. Photon. 12, 215–220 (2018)
doi:10.1038/s41566-018-0107-6

Clocking Femtosecond Collisional Dynamics via 
Resonant X-Ray Spectroscopy
Q. van den Berg, E. Fernandez-Tello, T. Burian, J. Chalupský, 
H.-K. Chung, O. Ciricosta, G. Dakovski, V. Hájková,  
P. Hollebon, L. Juha, J. Krzywinski, R. Lee, M. Minitti,  
T. Preston, A. de la Varga, V. Vozda, U. Zastrau, J. Wark,  
P. Velarde, S. Vinko
Phys. Rev. Lett. 120 (5), Phys. Rev. Lett. (2018)
doi:10.1103/PhysRevLett.120.055002

Cobalt adatoms on graphene: Effects of anisotropies 
on the correlated electronic structure
R. Mozara, M. Valentyuk, I. Krivenko, E. Şaşıoğlu,  
J. Kolorenč, A.I. Lichtenstein
Phys. Rev. B 97 (8), 085133 (2018)
doi:10.1103/PhysRevB.97.085133

Coherent X-rays reveal the influence of cage effects 
on ultrafast water dynamics
F. Perakis, G. Camisasca, T.J. Lane, A. Späh,  
K.T. Wikfeldt, J.A. Sellberg, F. Lehmkühler, H. Pathak,  
K.H. Kim, K. Amann-Winkel, S. Schreck, S. Song, T. Sato, 
M. Sikorski, A. Eilert, T. McQueen, H. Ogasawara,  
D. Nordlund, W. Roseker, J. Koralek, S. Nelson, P. Hart,  
R. Alonso-Mori, Y. Feng, D. Zhu, A. Robert, G. Grübel, 
L.G.M. Pettersson, A. Nilsson
Nat. Commun. 9 (1), 1917 (2018)
doi:10.1038/s41467-018-04330-5

Complete reconstruction of bound and unbound 
electronic wavefunctions in two-photon double 
ionization
P.A. Carpeggiani, E.V. Gryzlova, M. Reduzzi, A. Dubrouil, 
D. Faccialá, M. Negro, K. Ueda, S.M. Burkov, F. Frassetto, 
F. Stienkemeier, Y. Ovcharenko, M. Meyer, O. Plekan, 
P. Finetti, K.C. Prince, C. Callegari, A.N. Grum-Grzhimailo, 
G. Sansone
Nat. Phys. 15 (2), 170–177 (2018)
doi:10.1038/s41567-018-0340-4

Considerations for three-dimensional image  
reconstruction from experimental data in coherent 
diffractive imaging
I.V. Lundholm, J.A. Sellberg, T. Ekeberg, M.F. Hantke,  
K. Okamoto, G. van der Schot, J. Andreasson, A. Barty, 
J. Bielecki, P. Bruza, M. Bucher, S. Carron, B.J. Daurer,  
K. Ferguson, D. Hasse, J. Krzywinski, D.S.D. Larsson,  
A. Morgan, K. Mühlig, M. Müller, C. Nettelblad, A. Pietrini, 
H.K.N. Reddy, D. Rupp, M. Sauppe, M. Seibert, M. Svenda, 
M. Swiggers, N. Timneanu, A. Ulmer, D. Westphal,  
G. Williams, A. Zani, G. Faigel, H.N. Chapman, T. Möller,  
C. Bostedt, J. Hajdu, T. Gorkhover, F.R.N.C. Maia
IUCrJ 5 (5), 531–541 (2018)
doi:10.1107/S2052252518010047

Control of H2 Dissociative Ionization in the  
Nonlinear Regime Using Vacuum Ultraviolet 
Free-Electron Laser Pulses
F. Holzmeier, R. Bello, M. Hervé, A. Achner, T. Baumann, 
M. Meyer, P. Finetti, M. Di Fraia, D. Gauthier, E. Roussel, 
O. Plekan, R. Richter, K. Prince, C. Callegari, H. Bachau, 
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A. Palacios, F. Martín, D. Dowek
Phys. Rev. Lett. 121 (10), 103002 (2018)
doi:10.1103/PhysRevLett.121.103002

Current-induced instability of domain walls  
in cylindrical nanowires
W. Wang, Z. Zhang, R.A. Pepper, C. Mu, Y. Zhou,  
H. Fangohr
J. Phys.: Condens. Matter 30, 015801 (2018)
doi:10.1088/1361-648X/aa9698

Development of a hard X-ray split-and-delay line and 
performance simulations for two-color pump-probe 
experiments at the European XFEL
W. Lu, B. Friedrich, T. Noll, K. Zhou, J. Hallmann,  
G. Ansaldi, T. Roth, S. Serkez, G. Geloni, A. Madsen,  
S. Eisebitt
Rev. Sci. Instrum. 89 (6), 063121 (2018)
doi:10.1063/1.5027071

Development of PAL-XFEL undulator system
D.-E. Kim, Y.-G. Jung, W.-W. Lee, K.-H. Park,  
S.-B. Lee, B.-G. Oh, S.-H. Jeong, H.-G. Lee, H.-S. Suh,  
H.-S. Kang, I.-S. Ko, J. Pflueger
J. Korean Phys. Soc. 71 (11), 744–751 (2018)
doi:10.3938/jkps.71.744

Developments Towards Imaging Nanoscale Biology 
with XFELs: Some Recent Examples and a Glance  
to the Future
A.P. Mancuso, A. Aquila, R. Bean, J. Bielecki,  
C. Fortmann-Grote, K. Giewekemeyer, Y. Kim, R. Kurta,  
R. Letrun, M. Mehrjoo, M. Messerschmidt, G. Mills,  
A. Round, T. Sato, J. Schulz, M. Sikorski, S. Stern,  
P. Vagovic, T. Tschentscher
Microsc. Microanal. 24 (S2), 72–75 (2018)
doi:10.1017/S143192761801276X

Diagnosis of warm dense conditions in foil targets 
heated by intense femtosecond laser pulses  
using Kα imaging spectroscopy
L.J. Bae, U. Zastrau, H.-K. Chung, A.C. Bernstein,  
M.S. Cho, G.M. Dyer, E. Galtier, Z.-H. He, P.A. Heimann, 
G.B. Kang, M. Kim, Y.H. Kim, H.J. Lee, J.W. Lee,  
B. Nagler, A.G.R. Thomas, B.I. Cho
Opt. Express 26 (5), 6294–6301 (2018)
doi:10.1364/OE.26.006294

Diagrammatic routes to nonlocal correlations beyond 
dynamical mean field theory
G. Rohringer, H. Hafermann, A. Toschi, A. Katanin,  
A. Antipov, M. Katsnelson, A. Lichtenstein, A. Rubtsov,  
K. Held
Rev. Mod. Phys. 90 (2), 025003 (2018)
doi:10.1103/RevModPhys.90.025003

Die Vakuumsysteme des European XFEL
M. Dommach, S. Lederer, L. Lilje
Vak. Forsch. Prax. 30 (2), 47–53 (2018)
doi:10.1002/vipr.201800673

Diffraction based Hanbury Brown and Twiss 
interferometry at a hard x-ray free-electron laser
O.Y. Gorobtsov, N. Mukharamova, S. Lazarev, M. Chollet, 
D. Zhu, Y. Feng, R.P. Kurta, J.-M. Meijer, G. Williams,  
M. Sikorski, S. Song, D. Dzhigaev, S. Serkez, A. Singer, 
A.V. Petukhov, I.A. Vartanyants
Sci. Rep. 8 (1), 2219 (2018)
doi:10.1038/s41598-018-19793-1

Disentangling Transient Charge Density and Metal– 
Ligand Covalency in Photoexcited Ferricyanide with 
Femtosecond Resonant Inelastic Soft X-ray Scattering
R.M. Jay, J. Norell, S. Eckert, M. Hantschmann, M. Beye, 
B. Kennedy, W. Quevedo, W.F. Schlotter, G.L. Dakovski, 
M.P. Minitti, M.C. Hoffmann, A. Mitra, S.P. Moeller,  
D. Nordlund, W. Zhang, H.W. Liang, K. Kunnus, K. Kubiček,  
S.A. Techert, M. Lundberg, P. Wernet, K. Gaffney,  
M. Odelius, A. Föhlisch
J. Phys. Chem. Lett. 9 (12), 3538–3543 (2018)
doi:10.1021/acs.jpclett.8b01429

Dynamics of Magnetic Skyrmion Clusters Driven  
by Spin-Polarized Current With a Spatially Varied 
Polarization
W. Jiang, J. Xia, X. Zhang, Y. Song, C. Ma, H. Fangohr,  
G. Zhao, X. Liu, W. Zhao, Y. Zhou
IEEE Magn. Lett. 9, 1–5 (2018)
doi:10.1109/LMAG.2018.2825280

Effect of the surface roughness on X-ray absorption 
by mirrors operating at extremely small grazing angles
M. Wen, I.V. Kozhevnikov, F. Siewert, A.V. Buzmakov,  
C. Xie, Q. Huang, Z. Wang, L. Samoylova, H. Sinn
Opt. Express 26 (16), 21003–21018 (2018)
doi:10.1364/OE.26.021003

Effective Heisenberg Model and Exchange  
Interaction for Strongly Correlated Systems
E. Stepanov, S. Brener, F. Krien, M. Harland,  
A. Lichtenstein, M. Katsnelson
Phys. Rev. Lett. 121 (3), 037204 (2018)
doi:10.1103/PhysRevLett.121.037204

Effective masses, lifetimes, and optical conductivity 
in Sr2RuO4 and Sr3Ru2O7: Interplay of spin-orbit, 
crystal-field, and Coulomb tetragonal tensor 
interactions
E. Sarvestani, G. Zhang, E. Gorelov, E. Pavarini
Phys. Rev. B 97 (8), 085141 (2018)
doi:10.1103/PhysRevB.97.085141

Effects of energy spread on brightness and  
coherence of undulator sources
G. Geloni, S. Serkez, R. Khubbutdinov,  
V. Kocharyan, E. Saldin
J. Synchrotron Rad. 25 (5), 1335–1345 (2018)
doi:10.1107/S1600577518010330

Electronic structure and magnetic  
properties of Dy adatom on Ir surface
A. Shick, A. Lichtenstein
J. Magn. Magn. Mater. 454, 61–65 (2018)
doi:10.1016/j.jmmm.2018.01.050

Enhanced spin wave propagation in  
magnonic rings by bias field modulation
G. Venkat, D. Venkateswarlu, R.S. Joshi, M. Franchin,  
H. Fangohr, P.S. Anil Kumar, A. Prabhakar
AIP Adv. 8 (5), 056006 (2018)
doi:10.1063/1.5006576

Enzyme intermediates captured “on the fly”  
by mix-and-inject serial crystallography
J.L. Olmos, S. Pandey, J.M. Martin-Garcia, G. Calvey,  
A. Katz, J. Knoska, C. Kupitz, M.S. Hunter, M. Liang,  
D. Oberthuer, O. Yefanov, M. Wiedorn, M. Heyman,  
M. Holl, K. Pande, A. Barty, M.D. Miller, S. Stern,  
S. Roy-Chowdhury, J. Coe, N. Nagaratnam, J. Zook,  
J. Verburgt, T. Norwood, I. Poudyal, D. Xu, J. Koglin,  
M.H. Seaberg, Y. Zhao, S. Bajt, T. Grant, V. Mariani,  
G. Nelson, G. Subramanian, E. Bae, R. Fromme, R. Fung, 
P. Schwander, M. Frank, T.A. White, U. Weierstall,  
N. Zatsepin, J. Spence, P. Fromme, H.N. Chapman, 
L. Pollack, L. Tremblay, A. Ourmazd, G.N. Phillips,  
M. Schmidt
BMC Biol. 16 (1), 59 (2018)
doi:10.1186/s12915-018-0524-5

Evidence of a first-order smectic-hexatic transition 
and its proximity to a tricritical point in smectic films
I.A. Zaluzhnyy, R.P. Kurta, N. Mukharamova, Y.Y. Kim, 
R.M. Khubbutdinov, D. Dzhigaev, V.V. Lebedev, E.S. Pikina, 
E.I. Kats, N.A. Clark, M. Sprung, B.I. Ostrovskii,  
I.A. Vartanyants
Phys. Rev. E 98 (5), 052703 (2018)
doi:10.1103/PhysRevE.98.052703

Excited-state dynamics of a molecular  
dyad with two orthogonally-oriented fluorophores
R. Letrun, B. Lang, O. Yushchenko, R. Wilcken,  
D. Svechkarev, D. Kolodieznyi, E. Riedle, E. Vauthey
Phys. Chem. Chem. Phys. 20 (48), 30219–30230 (2018)
doi:10.1039/C8CP05356A

Excitonic Instability and Pseudogap Formation  
in Nodal Line Semimetal ZrSiS
A. Rudenko, E. Stepanov, A. Lichtenstein, M. Katsnelson
Phys. Rev. Lett 120 (21), 216401 (2018)
doi:10.1103/PhysRevLett.120.216401

Fast XANES fluorescence imaging using  
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Bielecki, J. Andreasson, K.R. Beyerlein, H.N. Chapman,  
C. Bressler, W. Zinth, M. Rübhausen, S. Herres-Pawlis
Nat. Chem. 10, 355–362 (2018)
doi:10.1038/nchem.2916

Tuning and Tracking of Coherent Shear Waves  
in Molecular Films
H.T. Lemke, D.W. Breiby, T. Ejdrup, P. Hammershøj,  
M. Cammarata, D. Khakhulin, N. Rusteika, S.-I. Adachi,  
S. Koshihara, T.S. Kuhlman, S.O. Mariager, T.N. Nielsen, 
M. Wulff, T.I. Sølling, N. Harrit, R. Feidenhans’l,  
M.M. Nielsen
ACS Omega 3 (8), 9929–9933 (2018)
doi:10.1021/acsomega.8b01400

Publications
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Ultra-small-angle X-ray photon correlation  
spectroscopy using the Eiger detector
T. Zinn, A. Homs, L. Sharpnack, G. Tinti, E. Fröjdh, 
 P.-A. Douissard, M. Kocsis, J. Möller, Y. Chushkin,  
T. Narayanan
J. Synchrotron Rad. 25 (6), 1753–1759 (2018)
doi:10.1107/S1600577518013899

Ultrafast quantum control of ionization  
dynamics in krypton
K. Hütten, M. Mittermair, S.O. Stock, R. Beerwerth,  
V. Shirvanyan, J. Riemensberger, A. Duensing, R. Heider, 
M.S. Wagner, A. Guggenmos, S. Fritzsche, N.M. Kabachnik, 
R. Kienberger, B. Bernhardt
Nat. Commun. 9 (1), 719 (2018)
doi:10.1038/s41467-018-03122-1

Unravelling the structural rearrangement of polymer 
colloidal crystals under dry sintering conditions
A.V. Zozulya, I.A. Zaluzhnyy, N. Mukharamova,  
S. Lazarev, J.-M. Meijer, R.P. Kurta, A. Shabalin,  
M. Sprung, A.V. Petukhov, I.A. Vartanyants
Soft Matter 14 (33), 6849–6856 (2018)
doi:10.1039/C8SM01412D

X-ray Absorption Spectroscopy Combined with 
Time-Dependent Density Functional Theory Elucidates 
Differential Substitution Pathways of Au(I) and Au(III) 
with Zinc Fingers
C. Abbehausen, R.E.F. de Paiva, R. Bjornsson,  
S.Q. Gomes, Z. Du, P.P. Corbi, F.A. Lima, N. Farrell
Inorg. Chem. 57 (1), 218–230 (2018)
doi:10.1021/acs.inorgchem.7b02406

X-ray spectroscopy with variable line  
spacing based on reflection zone plate optics
Z. Yin, H. Löchel, J. Rehanek, C. Goy, A. Kalinin,  
A. Schottelius, F. Trinter, P. Miedema, A. Jain, J. Valerio,  
P. Busse, F. Lehmkühler, J. Möller, G. Grübel, A. Madsen, 
J. Viefhaus, R.E. Grisenti, M. Beye, A. Erko, S. Techert
Opt. Lett. 43 (18), 4390 (2018)
doi:10.1364/OL.43.004390

XUV double-pulses with femtosecond to 650 ps  
separation from a multilayer-mirror-based split- 
and-delay unit at FLASH
M. Sauppe, D. Rompotis, B. Erk, S. Bari, T. Bischoff,  
R. Boll, C. Bomme, C. Bostedt, S. Dörner, S. Düsterer,  
T. Feigl, L. Flückiger, T. Gorkhover, K. Kolatzki, B. Langbehn, 
N. Monserud, E. Müller, J.P. Müller, C. Passow, D. Ramm, 
D. Rolles, K. Schubert, L. Schwob, B. Senfftleben,  
R. Treusch, A. Ulmer, H. Weigelt, J. Zimbalski,  
J. Zimmermann, T. Möller, D. Rupp
J. Synchrotron Rad. 25 (5), 1517–1528 (2018)
doi:10.1107/S1600577518006094

Reports

Effects of energy spread on Brightness and  
Coherence of undulator sources
G. Geloni, S. Serkez, R. Khubbutdinov,  
V. Kocharyan, E. Saldin
DESY 18-112
arXiv:1808.05019

Performance of the SASE3 monochromator  
equipped with a provisional short grating.  
Variable line spacing grating specifications
N. Gerasimova
XFEL.EU TR-2018-001
doi:10.22003/XFEL.EU-TR-2018-001

ROSA: Reconstruction of Spectrogram  
Autocorrelation for Self-Amplified Spontaneous  
Emission Free-Electron Lasers
S. Serkez, O. Gorobtsov, B. Sobko, N. Gerasimova,  
G. Geloni
XFEL.EU TN-2018-003-01.0
1811.11446

Superradiant Undulator Radiation for  
Selective THz Control Experiments at XFELs
T. Tanikawa, S. Karabekyan, S. Kovalev, S. Casalbuoni,  
V. Asgekar, M. Gensch, G. Geloni
XFEL.EU TN-2018-002
1803.05323

Terahertz Science at European XFEL
P. Zalden, R. Carley, T. Tschentscher, C. Bressler,  
S. Molodtsov, G. Geloni, A. Scherz, A. Perucchi,  
S. Bonetti, A. Cavalieri, K. Holldack, D. Turchinovich,  
A. Lindenberg, K. Nelson, L. DiMauro, M. Lederer,  
M. Hoffmann, F. Kärtner, A. Cavalleri, M. Krasilnikov,  
M. Gensch, N. Stojanovic, C. Hauri, A. Savilov, Z. Huang
XFEL.EU TN-2018-001-01.0

Contributions to conference proceedings

Data Analysis Support in Karabo at European XFEL
H. Fangohr, S. Aplin, A. Barty, M. Beg, V. Bondar,  
D. Boukhelef, S. Brockhauser, C. Danilevski, W. Ehsan,  
S. Esenov, G. Flucke, G. Giovanetti, D. Goeries, S. Hauf, 
B. Heisen, D. Hickin, D. Khakhulin, A. Klimovskaia,  
T. Kluyver, M. Kuhn, M. Kuster, P.-M. Lang, L. Maia,  
V. Mariani, L. Mekinda, T. Michelat, A. Parenti, G. Previtali, 
H. Santos, A. Silenzi, J. Sztuk-Dambietz, J. Szuba,  
M. Teichmann, K. Weger, J. Wiggins, K. Wrona, C. Xu
16th International Conference on Accelerator and Large 
Experimental Control Systems (ICALEPCS2017),  
Barcelona, 8 October 2017

Proceedings of the 16th International Conference on 
Accelerator and Large Experimental Control Systems, 
245–252 (2018)

Femtosecond Response of Atoms and Molecules  
to Ultra-Intense X-rays
R. Boll
CLEO: QELS_Fundamental Science 2018, San Jose, 
California, 13 May 2018
Conference on Lasers and Electro-Optics: Attosecond 
and X-Ray Spectroscopy (FF1P), FF1P.1 (2018)
doi:10.1364/CLEO_QELS.2018.FF1P.1

Ferroelectric domain wall dynamics characterized 
with X-ray photon correlation spectroscopy
S. Gorfman, A.A. Bokov, A. Davtyan, M. Reiser, Y. Xie,  
Z.-G. Ye, A.V. Zozulya, M. Sprung, U. Pietsch, C. Gutt
Proceedings of the National Academy of Sciences of the 
United States of America, E6680–E6689 (2018)
doi:10.1073/pnas.1720991115

Metrology of micron focusing KB mirrors for SPB/SFX 
instrument and preliminary commissioning results at 
European XFEL
H. Mimura, D. Spiga, H. Sinn, M. Vannoni, R. Bean,  
I. Freijo-Martín SPIE Optical Engineering + Applications 
(SPIE Optical Engineering + Applications), San Diego, 
18 September 2018
Proc. SPIE, 10761 (2018)
doi:10.1117/12.2322979

Securing Light Source SCADA Systems
L. Mekinda, V. Bondar, S. Brockhauser, C. Danilevski,  
W. Ehsan, S. Esenov, H. Fangohr, G. Flucke, G. Giovanet-
ti, S. Hauf, D. Hickin, A. Klimovskaia, L. Maia, T. Michelat, 
A. Muennich, A. Parenti, H. Santos, K. Weger, C. Xu
16th International Conference on Accelerator and Large 
Experimental Control Systems (ICALEPCS2017), Barcelo-
na, 8 October 2017
Proceedings of the 16th International Conference on 
Accelerator and Large Experimental Control Systems, 
1142–1148 (2018)

Status of the Radiation Damage on  
the European XFEL Undulator Systems
F. Wolff-Fabris, J. Pflueger, F. Schmidt-Föhre, F. Hellberg
9th International Particle Accelerator Conference 
(IPAC’18), Vancouver, 29 April 2018
Proceedings of IPAC2018, WEYGBD2 (2018)

Undulator Phase Matching for the the European XFEL
Y. Li, J. Pflüger
ICFA Advanced Beam Dynamics Workshop (60th) 
(FLS2018), Shanghai, 5 March 2018
Proceedings of the 60th ICFA Advanced Beam  
Dynamics Workshop on Future Light Sources, 
103–107 (2018)

Theses

Flight Envelopes of an Aircraft in Mars Atmosphere
M.Ž. Ekmedžić
Ph.D., University of Belgrade (2018)

Publications
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Workshops, Summer Schools, 
and Seminars

24–26 JANUARY 2018

European XFEL Users’ Meeting

As the first Users’ Meeting after the start of user opera-
tion, the 2018 meeting hosted 1200 registered partici-
pants. Topics included facility and instrument updates, 
the early user programme, and development of simula-
tions, among others. Satellite meetings enabled discus-
sions and planning on early science at HED and MID as 
well as the further development of the control and 
analysis software framework Karabo.

Workshops

12–13 FEBRUARY 2018 (SQS) AND  

21–22 FEBRUARY 2018 (SCS)

Early User Workshops for SQS and SCS
European XFEL, Schenefeld, Germany

The early users of the SCS and SQS instruments at 
European XFEL were informed by instrument scientists 
about the expected parameters of the instruments at the 
beginning of user operation, scheduled for the end of the 
year. In addition, users formed groups to begin working 
on initial proposals and experiment concepts based on 
the reported parameters and with the consultation of the 
instrument scientists and other support scientists at 
European XFEL.

12 APRIL 2018

Undulator Afterburner Kick-Off Meeting
European XFEL, Schenefeld, Germany

Scientists have been discussing the development of a 
structure at European XFEL for generating circularly 
polarized light, known as an afterburner. At this meeting, 
scientists and engineers set a concrete undulator after-
burner project in motion.

23 APRIL 2018

SIMEX Developers Workshop
DESY, Hamburg, Germany

Among the deliverables of the Horizon 2020 project 
EUCALL was a photon science simulation software 
package known as SIMEX. The software allows scientists 
to accurately simulate individual beamlines and instru-
ments at synchrotron, optical laser, and FEL facilities from 
source to data collection. Developers of SIMEX, which  
is an open-source program, gathered for this meeting to 
define future goals and take stock of progress on con- 
temporary developments.

26 APRIL 2018

Addressing Societal Challenges using  
Advanced Laser Light Sources
European XFEL, Schenefeld, Germany

In the framework of EUCALL, scientists from several 
photon user facilities gathered to discuss potential societal 
impacts from the results of experiments at advanced light 
sources such as synchrotrons, FELs, and high-power 
optical lasers, as well as how different societal challenges 
could influence future research goals.

20–22 JUNE 2018

Second Chinese–German Workshop on  
FEL Science and Technology
European XFEL, Schenefeld, Germany; DESY,  
Hamburg, Germany

This workshop series brings together the current and  
future FEL facilities and researchers based in the Hamburg 
area and in China for collaboration on research and 
development topics. The goals were to better define areas 
of cooperation and to develop support activities for the 
two FEL communities.

17–20 SEPTEMBER 2018

Fourth FELs of Europe Workshop on FEL Photon 
Diagnostics, Instrumentation, and Beamline Design 
(PhotonDiag)
European XFEL, Schenefeld, Germany; DESY,  
Hamburg, Germany

This gathering of FEL beamline specialists is organized  
in part by FELs of Europe, a consortium of FEL facilities 
across Europe. The meeting focused on beam diagnostic 
techniques for photon and electron beams, time-related 
beam properties including specialized jitter and terahertz 
methods, FEL optics and beam transport for preserving 
special beam properties, scientific instrument requirements, 
and detectors and scientific computing developments.

6–7 DECEMBER 2018

Shaping the Future of the European XFEL:  
Options for the SASE4/5 Tunnels
European XFEL, Schenefeld, Germany

At this workshop, scientists from across the user 
community and the field of FEL science discussed various 
possible plans for new beamlines and instruments in 
connection with the future SASE4 and SASE5 undulators. 
Theorists presented the results of several simulations of 
possible photon beam properties, stimulating discussions 
over the research opportunities tied to each scenario.

Figure 1: Participants of the SQS workshop

Figure 2: Participants of the SCS workshop

Figure 3: Shaping the Future workshop

Workshops, Summer Schools, and Seminars
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13 MARCH 2018

Ultra-high energy density conditions produced by 
intense laser irradiation of mass-limited targets
Paul Neumayer, GSI Helmholtzzentrum für  
Schwerionenforschung GmbH, Darmstadt, Germany

10 APRIL 2018

Brief review of superconductivity and its  
applications to insertion devices
Frederic Trillaud, National Autonomous  
University of Mexico, Mexico City, Mexico

3 MAY 2018

How photons change the properties of matter
Michael Ruggenthaler, Max Planck Institute for the 
Structure and Dynamics of Matter, Hamburg, Germany

8 MAY 2018

When X-rays go quantum: new perspectives  
for spectroscopy and imaging
Ralf Röhlsberger, DESY, Hamburg, Germany

17 MAY 2018

LDA+DMFT approach to core-level  
X-ray spectroscopy; application to 3d  
transition-metal compounds
Atsushi Hariki, Technical University of Vienna, Austria

22 MAY 2018

Ultrafast X-ray studies on the dynamics  
of transitions in geophysical materials
Ariana Gleason, SLAC National Accelerator Laboratory, 
Menlo Park, California, USA

5 JUNE 2018

Ultrafast spin and magnetization dynamics  
in rare earth metals
Martin Weinelt, Physics Department,  
Freie Universität Berlin, Germany

3 JULY 2018

Diffractive X-ray optics for synchrotrons  
and free-electron lasers
Christian David, PSI, Villigen, Switzerland

4 SEPTEMBER 2018

X-ray multiphoton ionization and charge transfer  
in atoms and molecules at ultrahigh intensities
Daniel Rolles, Kansas State University,  
Manhattan, Kansas, USA

6 SEPTEMBER 2018

High harmonic spectroscopy of phase 
transitions in solids
Mikhail Ivanov, Max Born Institute, Berlin, Germany

13 SEPTEMBER 2018

Realistic description of strong  
correlations in solids and alloys
Alexander Poteryaev, Institute of Metal Physics,  
Russian Academy of Sciences, Ekaterinburg, Russia

18 SEPTEMBER 2018

Towards non-linear X-ray spectroscopy  
for material science with XFELs
Martin Beye, DESY, Hamburg, Germany

16 OCTOBER 2018

Probing electronic processes in large  
molecules with attosecond time resolution
Francesca Calegari, CFEL and  
Universität Hamburg, Germany

30 OCTOBER 2018

Ultrafast magnetization dynamics probed with  
HHG time-resolved magneto-optics and  
spin-resolved ARPES
Stefan Mathias, University of Göttingen, Germany

13 NOVEMBER 2018

Water in coherent light
Gerhard Grübel, DESY, Hamburg, Germany

15 NOVEMBER 2018

Imaging and controlling electron dynamics in 
molecules and solids
Fernando Martín, Universidad Autónoma  
de Madrid, Spain

27 NOVEMBER 2018

Mapping chemical interaction and dynamics  
with femtosecond (soft) X-ray pulses
Philippe Wernet, Helmholtz-Zentrum Berlin, Germany

4 DECEMBER 2018

Status of superconducting undulator  
developments at the Advanced Photon Source
Efim Gluskin, Advanced Photon Source,  
Argonne National Laboratory, Argonne, Illinois, USA

Figure 4: “Connecting Worlds” public seminar

Sixth RACIRI Summer School

From Basic Science and Applications to 
Technologies inspired by Nature
25 August – 1 September 2018, Rügen, Germany 

The RACIRI Summer School is a joint effort between  
the German–Swedish research collaboration known  
as Röntgen–Ångstrom Cluster (RAC) and the Russian– 
German Ioffe–Röntgen Institute (IRI). European XFEL  
is involved in the annual organization of this event.  
Every year, RAC and IRI assemble a summer school for 
students and postdocs in the fields of materials science, 
nanotechnology, photon science, and neutron science, 
allowing these students the possibility to engage with  
top experts from institutes from Germany, Russia, and 
Sweden. In 2018, the school focused on photon and 
neutron techniques for developing technologies that 
mimic natural processes or that can work more positively 
with environmental cycles. The keynote speaker, former 
CERN director and current German Research Society 
president Rolf-Dieter Heuer, gave a special talk on 
science and diplomacy.

Seminars

16 JANUARY 2018

Preliminary results from the first user run
Anton Barty, CFEL, Hamburg, Germany

30 JANUARY 2018

Correlated spin and structural dynamics in the  
recombination of nitric oxide (NO) to deoxy-myoglobin 
in physiological media
Camila Bacellar, École Polytechnique Fédérale de  
Lausanne, Switzerland

8 FEBRUARY 2018

High harmonic spectroscopy of ultrafast many-body 
dynamics in strongly correlated systems
Rui Emanuel Ferreira da Silva, Max Born Institute,  
Berlin, Germany

6 MARCH 2018

Where and why quantum mechanics ceases  
to work in molecular and chemical physics
Vladimir V. Egorov, Russian Academy of Sciences,  
Photochemistry Centre, Moscow, Russia

11 MARCH 2018

Connecting worlds—science meets spirituality
The Gyalwang Drupka; Robert Feidenhans’l and 
Adrian Mancuso, European XFEL, Schenefeld, Germany;  
Arwen Pearson and Rolf Bader, Universität Hamburg, 
Germany

Workshops, Summer Schools, and Seminars
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A 
AGIPD
Adaptive Gain Integrating Pixel Detector
 
B
BMBF
German Federal Ministry of Education and Research

C 
CCD
Charge-coupled device

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

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
DESY
Deutsches Elektronen-Synchrotron in Hamburg and 
Zeuthen, Germany

DFG
German Research Foundation
 
F
FXE
Femtosecond X-Ray Experiments  
[European XFEL instrument]

H
HED
High Energy Density Science [European XFEL instrument]

HiBEF
Helmholtz International Beamline  
at the European XFEL for Extreme Fields

I 
INFN
Istituto Nazionale di Fisica Nucleare in Rome, Italy

L
LPD
Large Pixel Detector

M
MID
Materials and Imaging Dynamics  
[European XFEL instrument]

S
SASE
Self-amplified spontaneous emission

SCS
Spectroscopy and Coherent Scattering  
[European XFEL instrument]

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
UHH
Universität Hamburg in Germany

UKRI
UK Research and Innovation in Oxford, UK
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