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Since February 2012, DESY has taken over the responsibility for the European XFEL tunnel construction and installation.

The photograph shows the tunnel and part of the general infrastructure. (Photo: Dirk Nolle)
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The year 2012
at DESY.

Chairman’s foreword

The discovery of the long-sought Higgs particle at the Large
Hadron Collider (LHC) at CERN near Geneva in July 2012 is
certainly one of the top scientific highlights of the last years. While
celebrating this success, we should also remember that one
hundred years ago, in 1912, two other discoveries dramatically
influenced the scientific world: the observation of cosmic rays
by Victor Hess and the discovery of X-ray diffraction by Max
von Laue. Both physicists were pioneers in their respective
field. While the study of cosmic radiation stimulated many
developments in particle and astroparticle physics, X-ray
diffraction opened a new gateway into the world of molecules
and atoms.

DESY'’s light sources PETRA lll and FLASH as well as the
European XFEL X-ray laser are the most advanced X-ray facilities
built on Max von Laue’s legacy. These modern research facilities
enable leading-edge research ranging from physics, chemistry and
biology to materials and life sciences, and support application-
driven research for our society’s needs, for instance in the
fields of energy, environment, key technologies and health.

The European XFEL is DESY's priority project. DESY contributes
significant resources to this international prestige project on
German ground. As major cooperation partner, we are responsible
for the superconducting accelerator, which, in a 2 km long
tunnel, supplies the tailored 17,5 GeV electron bunches for the
X-ray lasing process. The construction of the European XFEL
accelerator is well under way and will be finished in the second
half of 2015. This is a huge effort for our laboratory, in particular
for the machine division, the administration and the DESY infra-
structure. Together with our partners, we are currently working
out the best conditions and appropriate governance frame for
the future operation of the European XFEL.

In October 2012, we ended synchrotron user operation at the
DORIS Ill storage ring. The remaining weeks of DORIS operation
were dedicated to the OLYMPUS experiment, which was set
up to shed light on the startling discrepancy, discovered at
Jefferson Lab in the USA, in the ratio of the electric to magnetic
elastic form factors for electron scattering off protons. As far as
we can see today, the experiment — thanks also to the fantastic

European XFEL tunnel completion ceremony on 14 June 2012
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Shutdown of the DORIS I storage ring on 2 January 2013



On 19 September 2012, German Federal Chancellor Angela Merkel visited DESY and the unique nano—bio research campus that is being established on the DESY site in Hamburg.

Merkel, Hamburg’s First Mayor Olaf Scholz, Nobel Prize laureate in chemistry Ada Yonath and DESY Director Helmut Dosch symbolically christened the experimental hall of PETRA I,

the world’s most brilliant X-ray source, after the physics pioneer Max von Laue. One hundred years ago, von Laue discovered X-ray diffraction by crystals, which opened the door

to the exploration of the nanocosm. The interdisciplinary nano-bio research campus that is being erected around PETRA Il will take this field of research into the 21st century.

DORIS machine crew — ran extremely well and produced unique
data to solve this form factor puzzle. Over its entire life span,
DORIS was a most successful research infrastructure, serving
as a world-leading collider for particle physics and a European
workhorse for synchrotron radiation. During almost four decades
of scientific productivity, DORIS generated an immense output
in research. Today, demonstrating the impact that research
infrastructures have on science, economy and society to policy-
makers and funding agencies has become ever more important.
We have therefore launched a socio-economic study covering
the complete lifetime of DORIS.

DESY is striving to further enhance its collaboration with
German universities. DESY is the national hub for two Helm-
holtz alliances in particle and astroparticle physics, thereby
establishing an interactive network between all major German
universities and Helmholtz research centres that are active in
these fields. DESY's role herein has been further strengthened.
The two key projects, the LHC at CERN and the IceCube
neutrino telescope at the South Pole, are producing inspiring
scientific results, which are boosting such research. DESY's
future weight at the LHC will critically hinge on its role in the LHC
detector upgrade programme. DESY is currently organizing

the necessary resources for its contribution to the ATLAS and
CMS upgrades at the LHC.

The new partnership with the University of Hamburg, PIER, is
gathering momentum. The new PIER Helmholtz Graduate School
was launched at the end of October, with strong support by

the Helmholtz Association and the Joachim Herz Foundation.

To ensure that DESY research remains at the forefront of science,
it is mandatory to promote young talents and offer equal
opportunities at DESY. Ten young investigator groups are
currently carrying out research at DESY in close collaboration
with our partner universities.

| would like to thank all collaborators and colleagues for their
fruitful work. @

Helmut Dosch
Chairman of the DESY Board of Directors
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Accelerators
at DESY

The DESY accelerator division has experienced a very busy and
successful year 2012. The DORIS lll storage ring finished its many
years of operation as a synchrotron light source in October and
went into retirement by the end of 2012 - but not before setting
a final highlight with an extremely efficient two-month operation
phase for the OLYMPUS experiment in November/December.
The PETRA lll synchrotron radiation run went well, and the
FLASH free-electron laser (FEL) facility achieved new records
in some of its user operation parameters. The large accelerator
construction project of the European XFEL X-ray laser, where
technical installations in the tunnel are ongoing and production
of linear accelerator components has started, is approaching
full speed. The new "Accelerator Research and Development"
(ARD) programme of the Helmholtz Association is gathering way
and new ideas for exiting future activities emerge. Our team of
accelerator physicists received a strong enforcement in August,
when Ralph ABmann (formerly at CERN near Geneva, Switzerland)
joined DESY as a new leading scientist in the accelerator division.

The DORIS and pre-accelerator teams had prepared very well
for the final performance of the 40-year-old DORIS storage ring:
returning for a short period of 10 weeks to its original purpose
as a facility for particle physics experiments. Efficient operation
for OLYMPUS, which measures the difference in scattering rate
of electrons and positrons off protons in a gas target, required
running in a quasi top-up mode with small variations in beam
intensity and only short interruptions for polarity changes. These
requests were met extremely well and, together with almost
failure-free operation, provided very smooth conditions for
OLYMPUS. The highly motivated operation crew also managed
to find volunteers for keeping up a continuous 24h/7 days per
week run even over the Christmas and New Year holidays.
Furthermore, the teams were able to keep the unavoidable
perturbations of PETRA Ill operation during this run period well
within limits.

PETRA Il continued regular user operation in top-up mode with
peak-to-peak beam current fluctuations of only 1% throughout
most of the year. Operation efficiency was enhanced by an
increased mean time between failures, but a small number of
events caused a few unexpectedly long breaks, so that on
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average the machine availability was comparable to the previous
year, i.e. very slightly below the design goal of 95%. During
the last two months of operation, when DORIS Il frequently
required changing from positrons to electrons, a compromise
for topping-up PETRA Ill was established, which kept beam
current variations in a much smaller range than what was originally
anticipated (and promised to the users). The preparation work
for the extension with new beamlines continued, and an improved
concept for the modifications of the accelerator tunnel in these
sections of the ring was worked out, which is beneficial for the
installation of both accelerator and photon beamline components.

FLASH was operated again with a satisfactory availability well
above 90% during user runs, although the excellent figure of
the previous year could not quite be reached. Highlights of the
2012 user operation were runs at small wavelengths (about
4.2 nm) in the so-called water window for the first time, more
frequent runs with long trains of many bunches and the
systematic and reproducible setup of very short photon pulses.
Regarding femtosecond technology, further progress was made
with extremely accurate synchronization systems and an active
feedback stabilization of beam arrival time at a level of only
12 fs. In April, the sFLASH experiment, conducted in close
collaboration with the University of Hamburg, could for the
first time demonstrate a seeded FEL photon beam at 38 nm
wavelength. Unfortunately, at the beginning of June, the FLASH
user run had to be terminated about two weeks prematurely
because of RF breakdowns in the RF gun. The gun was ex-
changed with the one that had been operated very successfully
at the PITZ photoinjector test facility at DESY in Zeuthen, and
FLASH was able to resume operation without further serious
problems. The civil construction work for the FLASH Il extension
has made good progress, and installation of the new electron
and undulator beamline will take place in 2013.

The construction work for the European XFEL accelerator complex
entered a new phase with the start of installation work in the
linear accelerator tunnel. During 2012, a major fraction of the
infrastructure installations, such as cable trays, water pipes, pulse
cables etc., was completed. For the superconducting cavities,
a large part of the niobium material was delivered and checked



for appropriate quality at DESY. The infrastructure for the series
production of cavities was built up at the two manufacturers,
and the qualification of the different production steps took place.
Test results for the first reference cavities were very encouraging.
The infrastructure for module assembly at CEA in Saclay, France,
was commissioned using the European XFEL prototype
accelerator modules, with experts from DESY continuously
present on site and supporting our French colleagues in
establishing the assembly procedures. The production of many
other components for the European XFEL linear accelerator was
launched and is proceeding on schedule and within budget.
PITZ in Zeuthen contributed to the European XFEL (and FLASH)
programme through the processing of RF guns and studies of
their operational stability.

At the REGAE electron diffraction experiment, our youngest
accelerator family member, which DESY operates in cooperation
with the Max Planck group of Prof. Dwayne Miller at CFEL in
Hamburg, first diffraction patterns could be recorded in 2012.
Further work is focusing on improving the RF and beam stability.
REGAE will also be used for one of our new activities in close
cooperation with Prof. Florian Griner at the University of Ham-
burg within the ARD accelerator research programme, namely
tests of laser-driven plasma wakefield acceleration (LPWA). A
building next to REGAE has been refurbished to accommodate
a 200 TW laser (to be installed in 2013). The REGAE beam will
then be injected into the plasma wave excited by this laser.

Preparations for a second LPWA experiment using the same
laser have also started, in which an undulator beamline will be
set up in a nearby unused beam transfer tunnel to test the
generation of FEL radiation from plasma-accelerated electron
bunches. Further plans are being worked out to test beam-driven
plasma acceleration using part of the FLASH electron beam
and a plasma cell setup in the new FLASH Il tunnel. Related
to another subtopic of ARD, continuous-wave and long-pulse
RF excitation of a European XFEL prototype accelerator module
were tested, with the longer-term goal of developing concepts
and technology for a possible future upgrade of FLASH and/or
the European XFEL. Last but not least, we had again very lively
and inspiring discussions on accelerator physics and technology
topics at the fourth round of the DESY accelerator ideas market
in September 2012.

You will find much more information on the topics | only briefly
mentioned here on the following pages. Enjoy the reading!

Reinhard Brinkmann
Director of the Accelerator Division
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News and
events.

A busy year 2012

February

OLYMPUS starts research programme

At the DORIS Il storage ring, the new particle physics experiment
OLYMPUS, which aims to investigate the interaction of electrons
and protons with high precision, started the first of two data-
taking runs in February 2012.

Hamburg mayor visits DESY

Olaf Scholz, First Mayor of the Free and Hanseatic City of Ham-
burg, visited DESY on 15 February to learn more about the
current plans and projects of Hamburg'’s largest research centre.

The OLYMPUS detector prior to installation at DORIS |l

The international OLYMPUS collaboration, which comprises
13 institutes, installed the detector at DORIS Il to deliver the
most precise measurements of the electric charge and magnetic
momentum distributions in the proton. To this end, electrons or
positrons are accelerated inside DORIS Il to an energy of 2 GeV
and shot at a hydrogen gas target inside the detector, inducing
the electrons and positrons to scatter off the protons of the gas.

One of the most important features for the experiment is the
alternating collisions of protons with electrons and positrons
provided by DORIS lll. Through the comparison of reaction rates
for both particle types, the OLYMPUS team will be able to
calculate how often the collision involves the exchange of two
photons instead of one. Experiments at Jefferson Lab in the USA
had suggested the existence of so far undiscovered higher-order
contributions, which could be measured thanks to the regular
switching between electrons and positrons at high beam intensity
that was only possible at DORIS lII.

The second, two-month measuring period of OLYMPUS took
place from October to December 2012.

In DESY’s school lab physik.begreifen, Hamburg’s Mayor Olaf Scholz conducted some

vacuum experiments together with Karen Ong, the head of the school lab.

After discussions with the DESY Board of Directors, Scholz
visited the DESY school laboratory “physik.begreifen”, where
he witnessed the good atmosphere and the commitment and
concentration of fourth-graders doing vacuum experiments,
and of upper secondary school pupils carrying out electron
experiments.

Scholz was then shown around the 300 m long experimental
hall of the PETRA Il X-ray source. In his discussions with
scientists, he showed himself impressed by the sophisticated
technology and the wide range of research that is possible at
these modern synchrotron light sources. Scholz also emphasized
his appreciation that DESY’s top-level research is not carried
out in an ivory tower but takes place in a process of lively
communication with the city of Hamburg, its citizens and
local companies.



Accelerator tunnel for the European XFEL completed

Construction of the more than 2 km long accelerator tunnel
for the European XFEL X-ray laser facility was completed. At
the end of February, the construction company ARGE Tunnel
XFEL officially handed over the tunnel to DESY.

In March, the Accelerator Consortium led by DESY started to
equip the tunnel with infrastructure and security equipment.
The last accelerator module is scheduled to be installed in
May 2015, after which the accelerator will be tested for the
first time.

Work on the accelerator tunnel started in January 2011, when
the boring machine TULA began to dig its way from Osdorfer
Born to DESY-Bahrenfeld. Right behind the machine’s cutting
wheel, more than 8000 precast concrete segments were inserted
to construct the tunnel wall. In July 2011, TULA reached its
destination and was dismantled and removed from the
construction site. The tunnel was then equipped with a flat
concrete floor, which cover parts of the infrastructure.

The accelerator tunnel runs from the future injector building in
DESY-Bahrenfeld to a shaft in Osdorfer Born. Further towards
Schenefeld, the tunnel branches into two and then eventually
five tunnels. These photon tunnels, which lead to the future
experimental hall on the Schenefeld site, were constructed
using a second tunnel boring machine, AMELI. DESY is the
main shareholder of the European XFEL company.

The accelerator tunnel for the European XFEL

March

Hamburg and Dresden accelerator physicists cooperate

DESY and Helmholtz-Zentrum Dresden-Rossendorf (HZDR)
intend to closely cooperate in a range of fields, including
accelerator physics and technology, detector technologies and
systems, the use of synchrotron radiation and the development
and application of free-electron and high-power lasers. The two
research centres, which already bundle their competence in
accelerator physics with other Helmholtz centres and university
and non-university institutes within the Helmholtz portfolio
initiative “Accelerator Research and Development” (ARD), signed
a bilateral cooperation agreement in March.

HZDR staff member working on a mirror of the FELBE free-electron laser

In their cooperation, DESY and HZDR will focus on the design
and application of accelerator-based light sources in the terahertz
and X-ray range, which are operated at both centres: experiments
with terahertz radiation have been possible at the FELBE free-
electron laser in Dresden since 2004 and at FLASH in Hamburg
since 2008.

The two research centres also intend to cooperate on the under-
lying superconducting accelerator technologies. Already today,
the facilities at DESY and HZDR allow the acceleration of ultra-
short electron bunches with a quality that enables significantly
more experiments to be carried out in less time than at com-
parable, normally conducting linear accelerators. DESY and
HZDR aim to further optimize electron beam diagnostics methods
in order to improve the properties of the centres’ light sources
even further. The cooperation includes the exchange of personnel,
technical solutions and research equipment, as well as joint
experiments and measuring times at FLASH and FELBE.



May
First seeding at FLASH

On 28-29 April, one possible seeding method using a high-
harmonic generation (HHG) pulse was successfully demonstrated
at DESY's FLASH free-electron laser by a team from DESY
and the University of Hamburg.

The sFLASH undulators in the FLASH accelerator tunnel

Institutes around the world are searching for methods to initiate
the production of laser light in free-electron lasers (FEL) with a
well-defined radiation pulse generated by an external laser source
and superimposed onto the electron bunch at the entrance of
the FEL undulator — a process called seeding. Seeding promises
an FEL pulse that is more stable and better reproducible in
both pulse duration and frequency spectrum. Moreover, the
achievable time resolution of pump-probe experiments is
improved when the seeding laser is simultaneously used to
initiate a dynamic process in the sample under investigation.

In the sFLASH experiment, the researchers superimposed the
high-order harmonic of a laser synchronized with the accelerator
onto the bunches of the FLASH electron beam in an undulator
line. The electron bunches, excited by the seeding pulses,
generated an intense FEL flash with a wavelength of 38 nm.
This is the shortest wavelength ever obtained with this “direct
seeding” method — a new world record for FLASH and an
important milestone on the way to FLASH I, which will be
equipped with variable-gap undulators, such as those used in
the sFLASH experiment, and with a seeding option.

European free-electron laser collaboration established

On 31 May, ten European research centres, including DESY and
European XFEL, agreed on a long-term close collaboration in
the field of free-electron lasers and accelerator-based short-
pulse radiation sources. In a joint effort, the technologies and
methods for the operation and use of these novel research
facilities will be further developed and implemented, creating
a unique top-level research infrastructure for science in Europe
that will offer optimal experimental conditions for a wide range
of applications.

Representatives of ten research organizations sign a cooperation agreement.

With more than 200 publications to date, the experiments at
the first X-ray free-electron lasers, FLASH in Hamburg and LCLS
in California, USA, impressively demonstrated the scientific
potential of the new facilities. However, many technical and
methodical developments are still necessary to exploit this
potential to its full extent. By signing the collaboration agree-
ment, the ten research institutions from Germany, France, Italy,
Poland, Sweden, Switzerland and the UK expressed their interest
to promote research with free-electron lasers.

The partners in the new collaboration are:
- Deutsches Elektronen-Synchrotron DESY, Germany
- European XFEL GmbH, Germany
- Istituto Nazionale di Fisica Nucleare (INFN), Italy
- Helmholtz-Zentrum Berlin fir Materialien und
Energie GmbH (HZB), Germany
- MAX IV Laboratory, Sweden
- National Centre for Nuclear Research (NCBJ), Poland
- Paul Scherrer Institut (PSI), Switzerland
- Science and Technology Facilities Council (STFC), UK
- Sincrotrone Trieste S.C.p.A. (Elettra), Italy
- SOLEIL, France




June
European XFEL tunnel construction completed

The European XFEL reached an important milestone: the
construction of the network of tunnels — which has a total length
of nearly 5.8 km and extends 3.4 km from the DESY site to
Schenefeld in Schleswig-Holstein — was finished according to
plan. The tunnel completion was celebrated on 14 June with
more than 400 participants, including guests from politics and
science as well as staff from collaborating companies.

With an investment volume of more than one billion euro, including
240 million euro for the construction of the tunnels and other
underground buildings, the new international research facility
is one of the largest scientific projects on German territory.
Starting in 2015, it will generate laser-like X-ray flashes that
will enable completely new insights into the nanoworld.

The tunnel boring crew in front of the cutting wheel of AMELI

Tunnel construction began in July 2010 with the accelerator
tunnel using the tunnel boring machine TULA. In January 2011,
the second machine, AMELL, started to excavate the five photon
tunnels leading into the experimental hall. This was a difficult
mission: given the special layout of the tunnel, the 160-tonne
colossus had to be repeatedly relocated and prepared for the
next section. Tunnelling with TULA was concluded in August
2011. With the completion of the last tunnel section, the mission
of AMELI came to an end in June 2012.

The tunnels were then to be equipped with the necessary infra-
structure and safety devices, after which the main components
of the facility will be installed: the superconducting electron
linear accelerator, whose development, installation and operation
is conducted by DESY, and the photon tunnels, undulator beam-
lines and experimental hall, whose equipment and instrument
installation is led by European XFEL.

Helmholtz Association funds commercialization of new electronics
industry standard

Controlling modern accelerators demands extremely precise
and fast technology that can process numerous data sets in
parallel. To this end, DESY developed a new generation of control
electronics for FLASH and the European XFEL. After
implementation of this low-level radio frequency (RF) system,
which is based on the electronic standard MTCA.4, the new
standard proved to be so multifunctional that it is being
prepared for commercialization and application in industrial
enterprises and large-scale research projects. The costs of
about 4 million euro for the two-year project are borne by the
Helmholtz Association through the Helmholtz Validation Fund,
DESY and partners from industry.

DESY’s fast control

electronics has great
potential for applications

in industry.

With linear accelerators, it is not possible — as with storage rings
— to measure a parameter in one particle round and regulate it
in the next. Instead, the data from a particle bunch already
traversing the accelerator must be used to determine the starting
values for the next bunches. To this end, DESY developed a
control hardware that acts on subsequent particle bunches
within the same bunch train. Such a system must be able to
very quickly process a wide range of data in parallel. To control
the RF for the linear accelerator of the European XFEL,
developers used the new electronics standard MTCA.4, which
was elaborated within the PCI Industrial Computers Manufacturers
Group (PICMG) with significant participation of DESY and
adopted in October 2011.

Together with seven industrial companies, DESY is now further
developing the modules, which will be made available on a
license basis, and optimizing them for industrial application.
In addition, the product line will be completed and extended
for special industrial requirements. DESY and the involved
companies will also offer extensive counselling to promote the
implementation of the new industrial process control standard.



June
New virtual institute for plasma acceleration

The Helmholtz Association is funding a new “virtual institute” at
DESY that will advance a novel accelerator technology. Plasma
wakefields have the potential to accelerate particles over very
short distances, thus offering a promising technology for future
accelerator applications. The newly established virtual institute
“Plasma wakefield acceleration of highly relativistic electrons
with FLASH” will do basic research to explore the possibilities
of using the extremely high electric fields created in a plasma
to reliably accelerate high-energy electrons. The Helmholtz
Association will fund the virtual institute for a period of five years.

Simulation of an electron bunch in a laser-driven plasma wave

A plasma is a highly excited state of ionized matter, with electrons
moving freely between the atomic nuclei. It is, for example,
generated by an intense laser beam or by a particle beam in a
gas. Initial experiments at other institutes to use such fields for
particle acceleration produced very promising results.

One of the major challenges is to inject a particle bunch into the
plasma at exactly the right time for it to be accelerated — an
experiment that has not been carried out so far. This is one of
the topics of the new virtual institute, which involves DESY, the
University of Hamburg, the Max Planck Institute for Physics in
Munich, the John Adams Institute (UK) and the accelerator
centres SLAC, LBNL (both USA) and CERN. The scientists
will inject the electron beam of the FLASH Il accelerator into a
plasma cell, thereby accelerating it using the plasma. At one
of the experimental setups, the plasma will be created by the
particle bunch itself; in another approach, it will be produced
by an extremely intense laser. Further experiments are also
planned at the Relativistic Electron Gun for Atomic Exploration
(REGAE) at DESY in Hamburg and at the PITZ photoinjector
test facility at DESY in Zeuthen.

August
Ralph ABmann new leading scientist

In August, Ralph ABmann took up office as leading scientist in
the DESY accelerator division. ABmann came to DESY from
CERN, where he built the collimator system for the Large Hadron
Collider (LHC), among other things, and served as machine
coordinator. ABmann has worked in both particle and accelerator
physics, including participating in one of the very first plasma
accelerator experiments at SLAC in California.

At DESY, ABmann will concentrate on plasma acceleration and
assume tasks within the “Accelerator Research and Development”
(ARD) portfolio programme of the Helmholtz Association. More-

over, he will represent DESY in European accelerator physics
programmes and networks, such as the European Network on

Novel Accelerators (EuroNNAc) and the European Coordination

for Accelerator Research and Development (EuCARD).

First and foremost, however, ABmann wants to continue to design
and build accelerators. “I think that within the coming ten years
we should be able to build a reasonable plasma wakefield
accelerator,” he says. To this end, he will build up his own team.
He thinks that the conditions at DESY for such a project are
perfect: “Excellent research is done here at DESY, and the
existing accelerators and know-how are a big advantage.”

Ralph ABmann




Self-seeding for better pictures of the nanoworld

In 2010, Gianluca Geloni (European XFEL), Vitali Kocharyan
(DESY) and Evgeni Saldin (DESY) invented a self-seeding method
designed to improve the features of X-ray free-electron lasers.
In 2012, researchers from SLAC and LBNL in California, ANL
in lllinois, and the Technical Institute for Superhard and Novel
Carbon Materials in Russia successfully implemented the
scheme at the LCLS X-ray laser at SLAC and confirmed the
predicted outcome. The results were published in Nature
Photonics in August.

The chamber containing the diamond crystal used for self-seeding at SLAC

The breakthrough was obtained through a relatively simple
modification of LCLS, improving the longitudinal coherence of
the X-ray beam while maintaining a very high intensity.

X-ray generation in FELs usually starts from electron beam shot
noise, resulting in radiation that is not very coherent and consists
of slightly different wavelengths. To improve the X-ray flashes,
a special crystal was inserted between the undulators. When
the light generated in the first part of the undulator hits the
crystal at a certain angle, most of the light passes through the
crystal, keeping the same properties as the incoming beam.
However, because of the specific properties of the crystal, the
first pulse is followed by a second one, slightly delayed and
monochromatic. If the electron beam that generates the light
is also delayed using a magnetic chicane, and then set on top
of the second light pulse, the electron beam will amplify this
second pulse. Thus, only the high-quality, monochromatic
X-rays seed the light generation in the second part of the
undulator, resulting in very intense and coherent single-wave-
length flashes, which might be used to obtain even more
sophisticated pictures of the nanoworld than expected.

Start of construction work for FLASH Il main tunnel

Construction of the main tunnel section of the FLASH Il extension
started in August. In 2013, a second undulator line will be installed
in the 110 m long tunnel to serve a second experimental hall,
allowing DESY to double the research capacities of its FLASH
user facility.

Construction site of the FLASH Il main tunnel

Using the soft X-ray laser beam of FLASH, scientists can take
snapshots of the world of molecules and photograph ultrafast
processes in the nanocosm. The existing FLASH measuring
stations are completely overbooked, however. With FLASH I,
DESY will not only extend the number of measuring stations,
the facility will also become more flexible. FLASH Il will allow
operators to change the wavelength of the emitted radiation
during operation, which is not possible at the existing beamline.

In order not to disturb research operation at FLASH and
PETRA lll, the construction of the extension tunnel was divided
into three sections. The front section — the connection to the
existing FLASH accelerator tunnel — and the rear section with
the connection to the future experimental hall were already
completed. In August, construction started on the main section
of the tunnel, including two new buildings for technical installations
for operation and research. Planners have already provided
for a possible further expansion in the future: the 15 m wide
and 9 m high tunnel offers enough space for an optional third
undulator line.




September
German Federal Chancellor Merkel visits DESY

On 19 September, German Federal Chancellor Andrea Merkel
visited DESY. Together with Hamburg’s First Mayor Olaf Scholz,
Nobel Prize laureate in chemistry Ada Yonath and DESY Director
Helmut Dosch, she symbolically christened the experimental
hall of PETRA lll, the world’s most brilliant X-ray source, after
the physics pioneer Max von Laue.

German Federal Chancellor Angela Merkel, DESY Director Helmut Dosch, Nobel laureate

Ada Yonath and Hamburg’s First Mayor Olaf Scholz unveil the name “Max von Laue”

on the wall of the PETRA Il experimental hall.

PETRA lll is “in the truest sense of the word a brilliant example”
for the further development of Laue’s method, Angela Merkel
emphasized in her address. “PETRA Il extends, in a remarkable
way, the world of research and knowledge for which Max von
Laue laid the foundation stone one hundred years ago.” DESY
possesses the outstanding ability to employ its large-scale
facilities to address important questions of humanity, and thus
enhance the benefit of the individual, Merkel said. “Germany
needs top-level research like what is done here. Germany needs
your knowledge and ideas for tomorrow’s technologies and
markets.”

Chancellor Merkel also underlined the importance of progress
in basic research as breeding ground for the technologies and
innovations of tomorrow. “Progress in basic research paves
the way for economic and social progress. This is, of course,
extremely important for a nation lacking in raw materials like
Germany. This is why basic research is crucial for us. It is the
key for Germany’s future prosperity.” According to Merkel,
DESY offers the best conditions for global research cooperation.
“In the field of basic research in the natural sciences, DESY plays
a leading role in the world. And it is an attractive location for
state-of-the-art large-scale facilities,” Chancellor Merkel said.

October
PhD thesis award 2012
The PhD thesis award 2012 of the Association of the Friends

and Sponsors of DESY (VFFD) was shared by Katarzyna Anna
Rejzner and Arik Willner.

Arik Willner

Katarzyna Anna Rejzner

Katarzyna Anna Rejzner from Poland studied in Cracow, and
then started her doctoral studies on gauge theories at the

Il Institute of Theoretical Physics at the University of Hamburg.
Despite their high predictive value, gauge theories present a
series of unsolved problems related to the auxiliary parameters
that are required for their formulation. An important question is
whether the theories’ predictions depend on the rather arbitrary
choice of these auxiliary parameters. Rejzner developed a
mathematically precise version of a formalism devised by Soviet
physicists Batalin and Vilkovisky, showing that the choice of
the auxiliary parameters does not play a decisive role. As a
consequence of her work, a consistent quantification of gravity
— one of today’s major unsolved problems in physics — now
seems to be within reach.

Arik Willner studied in Kassel and Hamburg, where he obtained
his doctoral degree working on the possibilities of seeding free-
electron lasers. These novel research facilities emit extremely
intense ultrashort X-ray flashes. However, the beam pulse
quality is subject to statistical fluctuations if nothing is done to
specifically prevent the effect. One possible countermeasure
is seeding, which consists in inducing the laser process with
a weak beam pulse of the required wavelength. Producing such
seeding pulses in the wavelength range from 10 to 100 nm is
very difficult, however, especially when thousands of these
pulses are needed every second, as is the case at FLASH.
Arik Willner was able to solve this problem in his PhD thesis,
thereby significantly advancing the technology.

The PhD thesis award of the Association of the Friends and
Sponsors of DESY includes a prize money of 3000 euro. The
association presents the prize every year for one or two out-
standing PhD theses.



December
DESY and European XFEL scientists win Innovation Award

Gianluca Geloni (European XFEL), Vitali Kocharyan (DESY) and
Evgeni Saldin (DESY) received the Innovation Award on
Synchrotron Radiation 2012 from the Association of Friends of
Helmholtz-Zentrum Berlin. Together with Paul Emma (LBNL),
the physicists from DESY and European XFEL were honoured
for their invention of a self-seeding method that significantly
improves X-ray free-electron lasers (see August).

The Innovation Award is conferred annually by the Association
of Friends of Helmholtz-Zentrum Berlin to scientists at Euro-
pean research institutions. The 2012 award was presented at
the HZB users’ meeting on 13 December.

From left: Paul Emma, Evgeni Saldin, Gianluca Geloni and Vitali Kocharyan

New Helmholtz-Russia Joint Research Group approved at PITZ

The Helmholtz Association approved a Helmholtz-Russia Joint
Research Group, which will be headed by Mikhail Krasilnikov
(DESY) and Efim Khazanov (Institute for Applied Physics in Nizhny
Novgorod, Russia). The group will optimize the generation of
high-charge electron bunches at the PITZ photoinjector test
facility at DESY in Zeuthen. The Helmholtz Association will fund
the group over a period of three years with a total of 390 000 euro,
with Russia contributing another 3.6 million rouble. The German-—
Russian cooperation is part of a longer-term project at DESY
approved by the German research ministry in 2010, aiming to
develop the ideal electron sources for the radiation sources
of the future.

The quality of the electron bunches generated by the photo-
injectors of X-ray free-electron lasers decisively influences the
quality of the resulting X-ray radiation. To test such electron
sources, DESY started the construction of the PITZ facility in
1999. Since then, PITZ has served to improve numerous
technologies and methods for photoinjectors.

Using a photocathode laser system developed by Max Born
Institute (MBI) in Berlin, scientists at PITZ today provide electron
bunches with the world’s best emittance at very high stability.
However, simulations suggest a possible emittance improvement
of up to 30% if the laser pulses have an egg-shaped profile in
space and time rather than a uniform intensity over the whole
pulse duration (a so-called beer can profile). The new Helm-
holtz-Russia Joint Research Group will fathom the feasibility
of this further improvement and test whether the technology
can be used to produce ultrashort electron bunches that would
allow even shorter X-ray laser flashes.

The PITZ photoinjector test facility in Zeuthen
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DORIS IIl.

Exciting finish

At the end of 2012, after 38 years, the exciting story of DESY’s first storage ring came to an end. DORIS took
up operation as an electron—positron collider ring in 1974 to extend our knowledge of the world of elementary
particles. From the first year on, other research groups seized the opportunity to use the hard and intense X-rays
produced in the storage ring for experiments. The scientists at DORIS were among the pioneers who investigated
and developed the potentials of the new radiation. The success of their work formed the basis for the conversion
of DORIS into a dedicated synchrotron radiation source in 1993, when the high-energy physics programme
came to an end.

After several modernizations, it was decided to finally shut down DORIS Ill at the end of 2012, as the new high-
brilliance source PETRA lIl had successfully started routine operation. As a last challenge, DORIS Il became
home to the new nuclear-physics experiment OLYMPUS, which aims to investigate fundamental properties of
electron—proton scattering. After installation of OLYMPUS during the last years, data taking started in January
2012 for one month and was completed during 10 weeks of dedicated beam time at the end of the year.

Reliable synchrotron radiation source

Until its final year of operation, DORIS lll was in great demand  experimental hall were still available. After approval, a short
as a facility for research with photons. The number of beam and intense planning phase followed, with contributions from
time proposals from national and international groups increased the OLYMPUS collaboration and the participating DESY
once more, attesting the excellent research environment offered  groups. The visible work began in 2010 with the removal of the
by the storage ring in combination with the infrastructure and ARGUS detector, which was still in its parking position in the
instruments at the various beamlines. Photon science at DORIS Ill  experimental hall and is now exhibited in a prominent place
in 2011 was documented in 600 publications, and a similar near the DESY entrance.

number is expected for 2012.

In 2012, DORIS Il reliably provided the experimental stations
of HASYLAB, EMBL and Helmholtz-Zentrum Geesthacht with
hard and intense X-rays. The effective beam time from March
to October was 4640 hours, which corresponds to 95% of the
scheduled beam time. There was not a single event that caused
a longer interruption of the beam operation. On 22 October 2012,
the final synchrotron radiation run ended after 38 years of photon
science at DORIS.

Successful finish for OLYMPUS

In June 2007, a proposal was presented to move the BLAST
detector from the Bates Linear Accelerator Center near Boston
to Hamburg and rebuild it at DORIS Il as the OLYMPUS
experiment. The motivation behind the proposal was new results
in electron—proton scattering experiments, which were in
contradiction with theories so far. To solve this discrepancy,
a new type of setup was chosen, which needed beams of
electrons and positrons of about 2 GeV energy. The protons

came from an internal hydrogen gas target. As DORIS was Figure 1
originally designed for this type of large detectors, with a The OLYMPUS detector with the gas target chamber in the centre, the trapezoidal wire
diameter of about 10 m, the space and infrastructure in the chambers and the time-of-flight counters on the outside
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The modifications of the DORIS Il storage ring for its new task
followed in the winter 2010/11, including installation of a new
vacuum system. All the work was carried out under the pre-
condition that synchrotron radiation operation must not be
compromised. During the summer of 2011, the OLYMPUS
detector was completed and eventually rolled into its final
position. On 20 January 2012, beam operation started after the
winter shutdown with preparations for the frequent switching
between the particle types at 2 GeV, which was crucial for the
success of the experiment.

Figure 2
View along the beamline onto the OLYMPUS target chamber in the DORIS Il tunnel.

The detector is in a half-open position. The four coils of the toroidal magnet on each

side produce a magnetic field that is part of the particle detection system.

The first measuring period of OLYMPUS extended over the
complete month of February 2012. Concerns that conditions
with the electron beam might be worse than with the positron
beam came up beforehand, because of experiences from former
times when positively charged microparticles had been trapped
by the beam. However, it turned out that this happened only very
rarely and did not affect the performance. After optimization
of all relevant parameters, the detector efficiently took data
independently of the particle type.
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Figure 3

Development of OLYMPUS integrated luminosity with electrons and positrons for positive

and negative magnetic detector field from 22 October 2012 to 2 January 2013

The time for switching the polarity could be minimized so that
the beam was stored over 90% of the time — the overall efficiency
of data taking was about 75%. Nevertheless, the total amount
of data was significantly too low, because the density of the
hydrogen target was reduced due to a failure in the gas supply
system. This defect was repaired by autumn, and the second
and main measuring period started on 22 October 2012 with
a fully operational and optimized detector.

Because of the higher target density, the lifetime of the beam in
DORIS Il was reduced to about 15 min, which was compensated
for by frequent fillings on top of the stored beam every 2 min.
This was possible since all the components of the detector
stayed active during injection. The frequent fillings significantly
increased the efficiency of the data collection.

To be sure to reach the goal of 3.6 fb™1, operation continued
without interruption until 2 January 2013. The total integrated
luminosity at the end of the measuring period was 4.07 fo™.
The OLYMPUS collaboration will now analyse these data, and
we are looking forward with great interest to getting the first
results in the course of 2013.

Contact: Frank Brinker, frank.brinker@desy.de
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PETRAIII.

User operation and facility extension

The year 2012 at PETRA Ill was fully devoted to user operation. In total, 4944 hours of synchrotron radiation
beam time were delivered to users at 14 beamlines. A continuous effort was made to improve the reliability
of the facility and increase the key performance indicators, availability and mean time between failures. In
addition, studies and experiments were carried out to improve the insight into the behaviour of the machine.
In parallel, the design of the future extension of the facility has been promoted to its final stage and will be
issued for construction early in 2013. As a social highlight, the PETRA Il experimental hall was symbolically

christened after Nobel laureate Max von Laue.

User operation

After a winter shutdown and an intense period of machine
development, user operation resumed in March 2012 and ended
on 18 December 2012. The somewhat late start of user operation
was more than balanced by dispensing with a summer shut-
down. The necessary maintenance work was carried out in five
service weeks distributed over the year, dividing the full user
period into six run periods. On Wednesdays, user operation
was interrupted by weekly regular maintenance and machine
development activities for about 24 hours. The distribution of
the different machine states in 2012 is shown in Fig. 1.

Distribution of Machine States in 2012

Figure 1

Contribution of different machine states to the total available time in 2012

During user runs, the storage ring was operated in two distinct
modes characterized by their bunch spacing. In the “continuous
mode”, 100 mA were filled in either 240 evenly spaced bunches
or, for the first time during regular user operation, in 320 bunches.
In 2011 and before, operation with more than 240 bunches
was strongly affected by a blow-up of the vertical beam size.
This blow-up was attributed to the so-called electron cloud
effect. Increasing the number of bunches was possible thanks
to a successful application of scrubbing runs during the machine
setup period in February/March 2012. The success of the
scrubbing procedure can be regarded as strong evidence that
the minimum bunch spacing is limited by electron cloud effects.
Increasing the number of bunches further was not successful.
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Even after a second period of scrubbing, 480 bunches could
not be filled without compromising the vertical beam size.

The “timing mode” allows users to perform time-resolved ex-
periments and is thus characterized by considerably larger bunch
spacing. Two filling schemes are used in this mode, 100 mA in 60
bunches and 80 mA in 40 bunches. The deviation from the design
current in the 40-bunch mode is caused by a technical deficiency
of the RF shielding in the bellows around the undulator chambers.
In 2012, a large part of those bellows have been replaced with a
new design, but this work will only be finished in 2013. Fig. 2
shows the distribution of different user modes in 2012.

Schedule of different User Modes in 2012

-

Contribution of different operation modes to the user run in 2012. The total available

Figure 2

time for user runs is aimost equally divided into timing mode and continuous mode.

Timing mode and continuous mode each take up approximately
half of the available time for user runs. Both modes were routinely
operated in top-up mode with 0.3-1% current fluctuation.

High reliability is one of the key requirements of a synchrotron
radiation facility. The key performance indicators, availability and
mean time between failures (MTBF), are summarized in Fig. 3.
After a cumbersome start mainly caused by problems with the
RF systems, the availability was above the targeted 95% over
long periods of the year, and the increased stability of operation
can be read off from the increasing MTBF.
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Figure 3
Key performance indicators, availability and mean time between failures (MTBF), in 2012.
The table shows the six run periods and the average values. After a somewhat cumbersome

start, operation stabilized, as indicated in particular by the rising MTBF.

However, run periods 3 and 4 suffered from a few single events
causing comparatively long downtimes. In particular, in early
August a vacuum incident in the cavity section led to an inter-
ruption of machine operation for a few days and resulted in a
dominant dip in the weakly availability, as can be seen in Fig. 4.
The figure also shows the development of the average availability
over the year. Although the target of 95% was just missed, the
evolution of the availability and MTBF confirms the progress
in reaching high reliability.

PETRA 11l Availability 2012
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Figure 4
Availability in 2012. The blue curve shows the weekly average, the magenta curve the

yearly average. The solid red line indicates the target availability of 95%.

After the end of DORIS Ill operation as a synchrotron radiation
source in October 2012, PETRA Ill was operated in parallel to
the OLYMPUS experiment installed in the DORIS Il ring.
OLYMPUS operation required a daily switch between positrons
and electrons delivered by the pre-accelerators. Thus, standard
top-up operation with current fluctuations as low as 0.3% could
not be maintained during the last two months of user operation
at PETRA Ill. A major effort in minimizing the time needed for
switching the polarity of the pre-accelerators made it possible
to limit the current variation to less than 5% for most of the time,
even in periods of very short refill cycles for the OLYMPUS
experiment. This ensured minimal disturbance of the beam
stability, which was routinely beyond the specifications as
established in 2011.

A social highlight in 2012 regarding PETRA Ill was the visit of

German Federal Chancellor Angela Merkel in September. Together
with Hamburg's First Major Olaf Scholz, chemistry Nobel laureate
Ada Yonath and DESY Director Helmut Dosch, she symbolically
christened the experimental hall after Nobel laureate Max von Laue.

Figure 5

German Federal Chancellor Angela Merkel, DESY Director Helmut Dosch, Nobel laureate
Ada Yonath and Hamburg's First Major Olaf Scholz unveil the name “Max von Laue” on

the wall of the experimental hall.

PETRA Ill extension

The preparation and design work for the extension of PETRA llI
was continued in 2012. The lattice changes were already fixed
in 2011 with the notable exception of adding a canting option
to beamline P21 in the modified straight section east. This will
allow simultaneous operation of an additional standard undulator
serving the side station while the inline beamline is operated
either using an in-vacuum undulator or a short wiggler.

On the construction planning side, a new concept for the machine
and front-end areas in the experimental halls has been adopted.
The existing tunnel will be dismantled and machine and ex-
perimental areas will share the same floor slab, as is the case
in the existing “Max von Laue” hall. In combination with active
measures like air conditioning and orbit feedback, this will
guarantee a high level of stability of the photon beam. In view
of these additional measures to ensure the performance of the
machine, the already very tight schedule had to be shifted and
civil construction is foreseen to start in September 2013. User
operation will then resume in mid-2014, serving “friendly users”
after a short period of commissioning.

Contact: Alexander Kling, alexander.kling@desy.de

Figure 6

View of the PETRA I
storage ring showing the
planned additional halls

North and East. Each

extension hall will house
five beamlines. Overall
options for additional

i extensions are marked

with shaded ovals.
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FLASH.

Consolidating operation with remarkable stability

After the successful completion of the first phase of the construction work for the second undulator beamline
FLASH2, more than 3500 hours of user beam time divided in six blocks were scheduled for the fourth user
period in 2012. A failure of the RF gun exacted an unscheduled shutdown of 2.5 weeks plus one week of
commissioning time. User block 3 was shifted from June 2012 to January/February 2013 to compensate the
lost beam time. Highlights of the 2012 runs were a remarkable stability of beam parameters, especially the
arrival time, together with successful operation with long bunch trains. Short photon pulses below 50 fs duration
are now set up routinely for users. This year also saw remarkable experiments using THz radiation. The sFLASH
team achieved their first seeding at 38 nm in April 2012, at that time the shortest externally seeded wavelength
worldwide. Compared to the second and third user periods, the uptime of the accelerator could not be improved.
The uptime of 89.4% during user runs in 2012 fell well below the uptimes of 93.1% for the second and 94.4%
for the third period. This was mainly due to continuing problems with the operation of the RF gun, but also to
infrastructure-related failures. Construction work for the new FLASH2 beamline continued. FLASH2 will be

connected to the FLASH accelerator in spring 2013.

Fourth user period March 2012 - Feb. 2013

After the 2011 shutdown, FLASH quickly and successfully re-
started in January 2012. SASE radiation is now produced with
the best performance ever: 500 pJ at 13 nm and 450 pJ at 7 nm
wavelength, to give two examples.

The fourth user period started as scheduled on 26 March 2012.
It was divided into six blocks with a total of 3912 hours of
scheduled beam time. 3528 hours were allocated to user ex-
periments, including 9% contingency and 7% dedicated setup
time for difficult experiments. In addition, 6% of the beam
time was used for developments to further automatize setup
procedures, and 4% was scheduled maintenance. Twenty-six
experiments were scheduled with an average of 115 hours of
beam time each. As for the previous periods, beam time was
also reserved for machine studies and maintenance. Most of
the machine study time was devoted to improving the free-
electron laser (FEL) performance and to setting up and advancing
photon beamlines and diagnostics. Part of the study time (20%)
was reserved for general accelerator physics studies and
developments related to future projects, in particular the Euro-
pean XFEL and the International Linear Collider (ILC).

In 2012, a total of 2181 hours of FEL radiation was delivered
to users (Fig. 1). This corresponds to 75% of the overall time
dedicated to user runs — the same fraction as for the third user
period. Due to the vast range of requested parameters, many
of them changing from day to day, such as wavelength, pulse
duration and pulse pattern, 15% of the beam time was required
for setup and tuning of the machine. This is a nice improvement
compared to the third user period, where 19% was spent on

tuning and setup. New in 2012 was the parallel tuning of THz
and X-ray radiation for the same experiment.

SASE delivery 74.8 %
2181 hours
A
Down Tuning + Set-up
10.6 % (310 h) 14.6 % (425 h)
Figure 1

SASE delivery, tuning and setup, and downtime during the 2012 user period
(User blocks 1-2, 4-6)

However, the failure of the RF gun during User block 2 and the
increased downtime ate up the quicker tuning and setup time.
Thanks to scheduled contingency and also by partially cancelling
study times, the lost beam time could mostly be compensated,
with the result that 90% of the time originally scheduled for
experiments could be realized.

The uptime of the third user period, which was considerably
improved compared to earlier periods, could not be maintained.
The total downtime during user blocks increased from 5.5%
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in 2011 to 10.6% in 2012. Failures were related predominantly
to the RF gun, but infrastructure and photon beamline vacuum
issues also contributed to the increase in downtime. After two
years of operation, the RF gun suddenly exhibited a very high
trip rate, accompanied by dark current, and could not be
processed any more to operate at high gradients. It was found
that damage had occurred in the cathode area, probably caused
by an exceptionally strong RF spark. Thanks to the immediate
effort of DESY staff in Hamburg and Zeuthen, the gun could be
replaced by the one in operation at PITZ within only 2.5 weeks,
followed by only one week of commissioning.

The continuous improvement of beam-based feedbacks
stabilizing beam energy, pulse compression and arrival time
allows operation of FLASH with long bunch trains and at the
beam energy limit of 1.25 GeV with remarkable stability (Fig. 3).
In 2012, two experiments used radiation in the water window
(4.2 and 4.3 nm). A new record was achieved by exceeding
400 mW of average power in SASE radiation.

Efforts to set up and measure short electron and photon pulses
continued. Tuning procedures were developed that now allow
the operators to reliably set up the beam with short photon
pulse duration below 50 fs. In several experiments, long trains
of up to 5000 soft X-ray pulses per second with short durations
were delivered successfully. Figure 2 shows an example of a
longitudinal profile of the electron bunch measured with the
transverse deflecting cavity LOLA. The measured bunch length
is 30 fs (rms), yielding an estimated photon pulse duration below
30 fs FWHM. Operators now routinely use the LOLA cavity
and the CRISP4 spectrometer to set up and monitor short
photon pulses.

Again, considerable efforts were made to directly measure the
photon pulse duration. A promising technique uses THz radiation
as a “streak” field for photoelectrons. It has already been shown
that the radiation of the THz undulator can be used for this
purpose with resolutions below 10 fs. A new method uses an
optical laser to generate THz radiation in special crystals.
Another method is based on the generation of coherent optical
radiation in the THz undulator (“afterburner”). Although all methods
now give consistent results, they are not yet mature enough
for routine operation.
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Experiments with THz radiation

After first pioneering experiments during previous beam time
periods, the THz/BL3 beamline has now been extended so
that it can also be used for experiments requiring their own
specialized end stations. In addition, a solid hutch was built
with optical tables to facilitate THz diagnostics and the use of
optical laser radiation. The combination of THz and XUV radiation
is attractive for various applications. For example, the strong
electromagnetic field of the THz pulses can be used to excite
electrons. The wavelength can also be tuned to excite specific
phonons or magnons and then probe the excited system with
the XUV FEL pulses.
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Figure 3

Example of SASE energy during a run in November 2012 optimized for THz radiation.

The data show a remarkable stability for the whole run duration of 96 hours.

FLASH2 — progress with the new undulator line
Construction of the infrastructure for the new undulator line
FLASH2 continued (Fig. 4). In combination with a new ex-
perimental hall to be finished in 2013, the new beamline will
double the capacity for experimental stations. It aims for a
wavelength range from 4 to 60 nm.

In February 2013, right after the construction of the tunnel building,
the connection of the new beamline to the FLASH accelerator
will be realized. This requires a four-month shutdown. Restart
of beam operation at FLASH1 is planned for late summer 2013,
shortly followed by the fifth user period. The FLASH2 beamline
will be commissioned in parallel.

Figure 4

Construction work along the FLASH tunnel for the new FLASH2 undulator beamline

Contact: Siegfried Schreiber, siegfried.schreiber@desy.de
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European XFEL.

Constructing the accelerator complex — a collaborative effort

The accelerator complex of the European XFEL X-ray free-electron laser is being constructed by an international
consortium under the leadership of DESY. Seventeen European institutes are contributing to the complex,
both to the construction of the superconducting accelerator and subsequent transport systems for the 17.5 GeV
electron beam and to the comprehensive infrastructure. DESY also provides the technical building equipment
with its associated general infrastructure. The consortium already delivered first components. The production
of series components is due to start in early 2013. Following the handing over of the accelerator tunnel to

DESY in February 2012, the installation phase is well under way.

Close collaboration

Work in an international consortium
requires close collaboration. With the
support of the work package leaders,
the DESY project team is coordinating
all activities related to the accelerator
complex. At the same time, it acts as a
link to the European XFEL project
management. Additional coordinators
take care of selected general issues,
like accelerator cavities or modules. The
preparation of the accelerator installation
phase also requires special attention.

To foster the team spirit required for such
a complex international undertaking, the
DESY project team organized a general
meeting of all consortium members in
spring 2012 (Fig. 1). In addition, well-established regular
meetings of the various work package groups and the Accelerator
Consortium Board ensure information exchange and coordination
between work packages and management. The daily work in
teams with members from different institutes in different countries
guarantees that local expertise is spread and knowledge
transferred to the benefit of the European XFEL project.

Figure 1

Regular project status presentations help to update the project
plan with its sophisticated interconnections. Corrections are
made whenever and wherever required in order to ensure the
overall project goal of starting the accelerator commissioning
in 2015.

Attendees of the spring meeting of the European XFEL Accelerator Consortium

First components

Many accomplishments of the work package groups and
consortium institutes are directly visible through the delivery of
first components. Prototypes and first series components are
available for assembly checks. Regular visits to manufacturers
and the exchange of knowledge and information in the context
of work meetings determine the daily life of many partners.
Virtually all major contracts for manufacturing the accelerator
components have been awarded.

More than 70% of the niobium - including tubes - required to
build the superconducting accelerator cavities was delivered
to the cavity producers after inspection at DESY. First pre-series
cavities have already been produced. The mechanical fabrication
process has been qualified, and the surface treatment is currently
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being qualified in a multistep procedure with intermediate

cavity tests at DESY carried out by a team from IFJ-PAN in
Krakéw, Poland. The actual work at the cavity producers is
supervised by a team from DESY and INFN in Milano, Italy.

At the end of 2012, first cavities that were completely produced
and surface-treated in industry were delivered to DESY (Fig. 2).
After full qualification of those first cavities, a final delivery
rate of up to eight cavities per week is anticipated, yielding
50 tested cavities available by spring 2013. This will allow the
start of accelerator module assembly at IRFU of CEA in
Saclay, France.

Figure 2

First accelerator cavities for the European XFEL

In the production of high-power RF couplers, brazing and copper
plating remain challenging, but some progress has been
achieved. Production of a first set of eight couplers, with relaxed
specifications, was accepted by the coordinating institute,
LAL in Orsay, France. Further couplers will be used to improve
the process. The start of the series production is still on a
critical path, and DESY continues to support the efforts of the
consortium partner, LAL Orsay.

The assembly of the accelerator modules requires not only
cavities and high-power couplers, but also the cryostats
themselves as well as superconducting quadrupole packages.
Here, DESY is collaborating with INFN Milano and CIEMAT in
Madrid, Spain. One third of the beam position monitors are
provided by CEA Saclay, higher-order mode absorbers by the
NCBUJ in Swierk, Poland, and cold vacuum components by BINP
in Novosibirsk, Russia.

The accelerator of the European XFEL consists of many tech-
nically challenging components, such as beam diagnostics
elements, with their associated complicated vacuum chambers,
and beam transport magnets (Fig. 3). All the work package
groups have made a lot of progress. Procurement, including
tendering and contracting, is realized in close cooperations that
sometimes last several months. As long manufacturing times
are not uncommon in large-series orders, the following contract
supervision may, in some cases, extend until the commissioning

of the accelerator. By the end of 2012, virtually all prototype
components had been delivered for final quality inspection.
The production of series components is due to start at the
beginning of 2013.

Figure 3

Many beam transport magnets are produced by NIIEFA in St. Petersburg, Russia.

An essential milestone for the European XFEL was reached
when the boring of the linear accelerator tunnel was completed
in the summer of 2011. Construction of the tunnel entry and
floor followed. DESY took over the responsibility for further
tunnel construction at the end of February 2012 and, together
with subcontractors, immediately started to install the general
infrastructure, such as tunnel lighting, safety equipment, general
energy supply, etc. The pulse cables for the supply of the RF
transmitter tubes followed a short time later. Installation of the
accelerator itself will begin in 2013. First preparations started
with some steel work for support structures and welding of
accelerator module suspensions. The prerequisite was a precise
survey of the overall tunnel geometry.

Figure 4

Vertical test cryostats in the Accelerator Module Test Facility (AMTF) are used to test all

800 superconducting cavities of the European XFEL.

Contact: Hans Weise, hans.weise@desy.de
Winfried Decking, winfried.decking@desy.de
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REGAE

Relativistic electron diffraction at DESY’s smallest accelerator — REGAE, the Relativistic Electron Gun
for Atomic Exploration — requires electron bunches of extreme quality and sophisticated diagnostics

for machine operation.

Electron and X-ray diffraction are complementary tools for
exploring the structural dynamics of matter. While in X-ray
diffraction a very large number of photons traverse the probe
material with a small scattering probability, the scattering cross
section is some 10° orders of magnitude higher for electrons,
so that only a small number of electrons are required to achieve
comparable results. However, the required electron beam quality
is extraordinary. To study proteins, for example, a coherence
length of 30 nm is required, which translates into a transverse
emittance of 5 nm at a spot size of 0.4 mm. In addition, short
bunch lengths down to 10 fs and a temporal stability of the
same order are required to study chemical reactions or phase
transitions in pump-probe experiments. These are challenging
parameters for an electron source, which demand improvements
at many frontiers.

A first electron diffraction image was recorded at REGAE in
June 2012 (Fig. 1). The detector developed by the machine
group provides a high spatial resolution of 15 pm over the full
detection area of 15 x 15 mm?. Single-electron detection at MeV
energies is enabled by the combination of two technologies:
light generation in a fibre-optic scintillator (FOS) and light
detection with an electron-multiplying CCD (EMCCD) camera.
The FOS (originally developed for X-ray imaging) is based on
needle-like prismatic crystals, which act at the same time as light-
producing scintillators and as light-guiding fibres. In this way,
light can be produced in a thick scintillator without losing spatial
resolution, as would be the case in a standard scintillator.

The scintillator is grown directly on a thin fibre optics plate,
which further improves the image quality by filtering stray light.
The light generated in the FOS is imaged onto the chip of the
EMCCD camera. Because of the on-chip multiplication, a photon
quantum efficiency of 95% is achieved. At this high sensitivity,
an effective suppression of background signals is mandatory.
Three sources contribute to the background: electronic noise,
background light and background electrons from dark current

Electron diffraction image from a polycrystalline gold foil

or scattered electrons. To reduce electronic noise, the chip is
thermo-electrically cooled to -95°C, which reduces the noise
level down to below one signal electron per pixel. To avoid
contamination by background light, the FOS and the camera
are connected by a light-tight enclosure. The electron beam
enters the enclosure through a thin layer of aluminium that is
deposited directly onto the FOS, traverses the scintillator and
leaves the enclosure again through a thin silicon wafer, which
is also coated with a thin layer of aluminium acting as a mirror
for visible light (Fig. 2). While being light-tight, the enclosure
should not be air-tight, because it is placed into the vacuum of
the beamline. Without connection between inside and outside,
the thin FOS would break due to the pressure difference.
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The primary source of background electrons is dark current,
which is produced in the high electric field of the RF gun. Dark-
current electrons are emitted due to the field enhancement
caused by tiny geometrical irregularities, such as microscopic
dust particles. Removing particles and mounting in a cleanroom
minimize dark-current generation. At REGAE, a dry-ice cleaning
technique — proven at FLASH — has been employed for the
preparation of the cavities. Furthermore, transverse collimators
are installed to scrape off dark-current electrons on the way
to the detector. A second source of background electrons is
electrons that scatter off supporting material of the target holder
rather than off the target material itself. A careful design of the
target holder including a local collimator is required to minimize
this contribution.

Imaging of the electron beam is not only required at the detector,
but is a standard diagnostics tool. To this end, several screen
stations are installed along the REGAE beamline. To cope with
local requirements, a different, more cost-effective technology
is chosen here. Standard CCD cameras are combined with image
intensifiers and scintillators made of LYSO, a cerium-doped
scintillator based on lutetium. LYSO offers efficient light
generation and a fast decay time of about 50 ns. Image
intensifiers improve the sensitivity, but can also be gated on a
nanosecond time scale, i.e. much faster than any CCD. Since
the dark-current signal is produced over a large fraction of
the RF pulse, i.e. 1-2 ys at REGAE, gating in combination with
a fast scintillator can be used to cut out the beam signal in time
and thus improve the signal-to-noise ratio. The suppression
of the background signal is equal to the ratio of dark-current
pulse length to decay time of the scintillator, thus about a factor
of ~40 at REGAE. As a result, down to 10 signal electrons per
pixel could be detected with a signal-to-noise ratio of about 10,
even at the first screen station directly behind the gun where
the dark-current contribution is maximal.

In 2012, detailed studies of the machine stability revealed im-
portant insights. Time-varying magnetic fields generated by the
nearby DESY Il synchrotron were identified as dominant source
for the transverse beam position jitter at REGAE. Presently,
REGAE operates at 12.5 Hz synchronously to the synchrotron
to mitigate this effect. Compensation coils will be installed in
the next shutdown period of DESY Il in summer 2013.

Measurements of the temporal jitter yield a stability of below
50 fs short-term and of about 60 fs over 46 hours of machine
operation. The long-term measurement determines the jitter
of RF to master clock, while the short-term measurement is
based on a charge measurement at an RF phase where the
charge depends strongly on the RF phase. It thus determines
the relative jitter of laser to RF. Since intensity fluctuations of
the laser and noise of the charge monitor also influence this
result, this should be understood as upper limit. Further im-
provements of both the temporal stability and the measurement
capabilities are in preparation.

In parallel to the technical commissioning of REGAE, training
of operators and students is ongoing. Since REGAE will be
operated to a large extent by the experimenters themselves

— often PhD students or postdocs — detailed documentation of
important machine components is mandatory. As an information
platform a wiki page has been set up, which contains not only
descriptions of machine components but also safety instructions,
operational procedures, archived calibration measurements, data
sheets, manuals, etc. The wiki page thus presents a versatile
tool for machine operation and for the training of students.

Contact: Klaus Fléttmann, klaus.floettmann@desy.de
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PITZ.

Preparing an electron source for the European XFEL

Through 2012, the operation modes and installation changes at the PITZ photoinjector test facility at DESY in
Zeuthen were specifically chosen in view of the upcoming injector commissioning for the European XFEL. In
early summer, the electron source (gun) operating at PITZ was delivered to Hamburg to replace the broken
FLASH gun. Consequently, a new gun was prepared and put into operation at PITZ. The gun setup was modified
according to the injector installation planned for the European XFEL. It is now in the commissioning phase.

Facility operation and bheam studies in 2012

In the last weeks of 2011, the PITZ facility went back into
operation after a long shutdown period, which led to the
realization of the PITZ2 diagnostics beamline setup. After the
necessary conditioning of the RF cavities (Qun and booster),
facility operation was mainly devoted to the following electron
beam studies:

> Standard emittance measurements at different charges
using the emittance measurement system,

> Tomographic measurements with the phase space
tomography module,

> Commissioning of the new high-energy dispersive
section HEDAZ, installed in autumn 2011 (Fig. 1).
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Figure 1
One of the first measurement results from the commissioning of the HEDA2 high-energy
dispersive section: the y-axis shows the beam extension in the non-dispersive plane; the

x-axis displays the beam size after dispersion, thus representing the momentum distribution.
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During the conditioning of the booster cavity, sparks appeared
in the circulator and waveguide system. After exchanging the
circulator, it turned out that some waveguide pieces had to
be carefully cleaned and partially replaced, which took more
than three months.

Since the booster system could not be operated from February
to April 2012, the time was used to investigate several aspects
of the gun system: gun stability, multipacting studies, thermal
emittance measurements, studies of beam-based alignment
(BBA) procedures with a solenoid polarity changer, long-term
tests of gun operation with long pulse trains, photoemission
studies, and tests of a new device in the photocathode laser
system, the acousto-optical modulator (AOM), which is used to
select individual pulse patterns from the laser pulse train. Most
of these topics are essential for the startup and operation of
the injector system at the European XFEL.

The first half of 2012 was also used to analyse data from 2011,
leading to a publication in Physical Review Special Topics —
Accelerators and Beams [1].

The booster RF system went back into operation at the be-
ginning of May 2012, thus allowing us to continue the electron
beam characterization started in January.

PITZ delivers fast replacement gun for FLASH

In early June, it became clear that the gun installed at FLASH
(Gun 4.2) could not be operated anymore due to a problem in
the cathode region. A gun exchange was therefore necessary.
Since the available spare gun did not allow a continuation of
FLASH operation with its current parameters, it was decided
that the operating PITZ gun (Gun 4.1) should be used in order
to minimize downtime of the FLASH user facility. Gun 4.1 was
therefore dismounted from PITZ and shipped to Hamburg (Fig. 2),
where it arrived on 14 June and was smoothly put into operation.




Figure 2
Transport of the PITZ gun to FLASH: loading the gun setup into the truck

Preparations for the European XFEL injector

As a replacement gun for the PITZ facility, Gun 3.1 — an old
cavity characterized at PITZ in 2006 — was dry-ice cleaned in
Hamburg and sent to Zeuthen in August, together with all the
other parts needed to build up a gun system. In Zeuthen, these
parts were modified according to the latest design, and mounted
together with a new type of RF window, the so-called Thales
window. This kind of RF window is a new production specially
designed for operation in the European XFEL injector system.

The setup of the complete configuration corresponds to a large
extent to the installation that will be used at the European XFEL
(Fig. 3). In order to install it at PITZ, the waveguide tracing in
the PITZ tunnel had to be changed completely.

Figure 3

The gun system with Thales window, as it is planned to be used at the European XFEL,
in the PITZ tunnel. Part of the new waveguide installation can be seen in the background,

at the tunnel wall.

The gun system was brought into the PITZ tunnel in October.
Baking of the gun and Thales window, integrating the new
gun system into the PITZ beamline and connecting the new
waveguide pieces to the old waveguide took a few weeks. On
11 November, conditioning of the system (Gun 3.1 + Thales
window) started. Due to the special requirements of the Thales
window, conditioning has to be done with extreme caution, and
is therefore progressing slowly (Fig. 4). However, the lessons
learned from this process are extremely important for the
European XFEL.
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Figure 4
Conditioning progress in terms of average power in the system gun + Thales window

from November 2012 to January 2013

It is planned to operate the system with an electron beam in
January 2013, while waiting for the European XFEL startup gun
to be delivered to Zeuthen. This gun, together with a second
Thales window that is currently being conditioned at an RF test
stand in Hamburg, will then be prepared at PITZ for subsequent
operation in the injector of the European XFEL.

Contact: Anne Oppelt, anne.oppelt@desy.de

References:

1. M. Krasilnikov et al., Experimentally minimized beam emittance from
an L-band photoinjector, Phys. Rev. ST AB 15, 100701 (2012)
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Accelerator research and
development programme.

A new research topic of the Helmholtz Association

In 2011, the Helmholtz Association established a new research topic on “Accelerator Research and Development”
(ARD) in its research area “Structure of Matter”. Alongside DESY as the coordinating laboratory, the five
Helmholtz centres FZJ, GSI, HZB, HZDR and KIT are participating in these activities. Traditionally, accelerator
R&D was defined and financed mainly as part of big science projects. The ARD programme establishes
accelerator R&D for the first time as a project-independent research topic with a significant and long-term
secure funding. This paradigm change aims at strengthening the traditionally leading role of German
laboratories and Helmholtz centres in accelerator science and technology. The ARD programme will foster
German-wide coordination of accelerator R&D in the Helmholtz centres. Significant synergetic effects and
collaborative efforts between the centres are expected and are already being realizing.

Sub-topic 1 Sub-topic 2 Sub-topic 3 Sub-topic 4
Coordinators: HZB, HZDR FzJ, GSI DESY, KIT DESY, HZDR
Superconducting RF Concepts & tech. for ps & fs el. and Novel acceleration
technology hadron acc. photon beams concepts

Figure 1

The Helmholtz ARD programme is structured in four subtopics (ST). DESY is participating in ST 1, 3 and 4 and co-coordinating ST 3 and 4.

Networking and cooperation

One important aspect within the ongoing ARD implementation
phase is the improvement of networking and cooperation
between the participating Helmholtz centres as well as with
German universities and international institutes.

First successful outcomes in this respect were clearly visible
in 2012. Several workshops and smaller-scale meetings were
organized, at which new ideas for cooperation and joint activities
emerged. The University of Hamburg is a particularly close
and strategic partner of DESY for conducting research in the
fields of superconducting RF, short bunches and novel
acceleration concepts.

Superconducting RF technology

In the area of superconducting RF technology (ST1), the
research focus is on the development of high-duty-cycle up
to continuous-wave (CW) operation. Together with HZB, HZDR
and international partners, DESY participates in the activities
of the Helmholtz “SRF Gun Cluster” towards the development
of high-brightness CW beam sources. On the DESY site,
tests were performed with a CW inductive output tube (IOT)
RF source powering an eight-cavity European XFEL prototype
accelerator module. By switching the RF source on and off
on a slow scale (on the order of hundreds of ms), the duty
cycle and cryogenic load were varied over a large range and
an accelerating gradient above 8 MV/m was achieved (Fig. 2).
The main long-term DESY objective of this research is the
development of possible future options for high-duty-cycle
operation of FLASH and the European XFEL.
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Measured cryogenic load at 2 K (in watts) versus time when varying the duty cycle of superconducting European XFEL prototype cavities from 15% to 47%. The measurement

covers a period of 18 h and power loads reached up to 17 W. The accelerating gradient could be maintained at above 8 MV/m without quenches for all working points shown.

Plasma wakefield acceleration

Plasma wakefield acceleration (PWFA) is a new R&D activity
at DESY, jointly pursued within the LAOLA collaboration by
the DESY Accelerator and DESY Particle and Astroparticle
Physics divisions, including the PITZ group at DESY in Zeuthen
and the Hamburg University groups of Florian Griner and
Brian Foster.

The LAOLA@REGAE experiment aims at demonstrating the
injection and acceleration of femtosecond bunches from DESY’s
REGAE accelerator into a plasma wave driven by a 200 TW
laser pulse. The same laser will also be used to drive a PWFA
experiment for the demonstration of X-ray (possibly free-electron
laser) photon beam generation in an undulator beamline (“LUX
beamline”) to be set up in an unused beam transfer tunnel
(Fig. 3). Much of the infrastructure work necessary for the

,:'\"l‘"?r,/ .I'
— 11 o ——
[ & I Tmp
el _._Jf huildlng‘ 2
L _I E T B ]
e i, Griiner Weg if
building 23 N , ] T w— M=
N :
.':\‘-\' Th_
Figure 3

Layout of the first DESY experiment on laser-driven plasma acceleration, LAOLA@
REGAE, which is presently being installed. The heart of the experiment is a 200 TW
laser that can send high-intensity, short laser pulses either into the REGAE beamline
for external-injection experiments or into the LUX beamline for tests on very compact

X-ray/FEL schemes, based on plasma acceleration.

laser and beamline installations was done in 2012, and first
experiments will start in late 2013.

The LAOLA@FLASH experiment (“FLASHforward”) foresees
an additional beam extraction line in the new FLASH Il tunnel
with the goal to use high-brightness electron bunches from
the FLASH linear accelerator to drive a plasma wakefield. This
beam-driven plasma accelerator could then accelerate a probe
bunch from around 1 GeV to several GeV in energy. First
experiments could start in 2016. International participation in
this project is supported by additional funding from a Helm-
holtz virtual institute that was approved in 2012.

DESY accelerator ideas market

In the context of the ARD programme, it should be mentioned
that the fourth DESY accelerator ideas market took place in
September 2012. The ideas market was launched in 2010 to
promote the development of novel concepts for future
accelerators. During the fourth ideas market, we had again
very lively and inspiring discussions on accelerator physics
and technology topics. Topics presented spanned from new
accelerator concepts like plasma acceleration, a gamma-
gamma Higgs factory in the HERA tunnel and new tools for
the control and maintenance of accelerators to new ideas in
accelerator diagnostics. All in all, the DESY accelerator ideas
market has proven to be very valuable for collecting and dis-
cussing new ideas, which are of particular importance for the
future of the laboratory. The next ideas market is scheduled
for late summer 2013.

Contact: Reinhard Brinkmann, reinhard.brinkmann@desy.de
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Harmonic lasing in

X-ray free-electron lasers.

An effective option to extend user capabilities

Recent studies [1] have shown that harmonic lasing is much more robust than usually thought, and holds great
potential for producing intense, stable and narrow-band radiation. It can be easily implemented in the existing
or planned X-ray free-electron laser (FEL) facilities. After minor modification, LCLS at SLAC in California can lase
at the third harmonic up to a photon energy of 25-30 keV, providing multi-gigawatt power level. At the
European XFEL, harmonic lasing would allow an extension of the operating range ultimately up to 100 keV.
Harmonic lasing opens up new opportunities for X-ray FELs using low-energy electron beams, among them a

continuous-wave option for the European XFEL.

Radiation of an electron beam moving in a planar undulator
contains strong contributions of the odd harmonics. Harmonic
lasing in a single-pass high-gain FEL (i.e. the radiative instability
at an odd harmonic of the planar undulator developing indepen-
dently from lasing at the fundamental wavelength) might have
significant advantages over nonlinear harmonic generation.
Harmonic lasing in a high-gain FEL provides an intense, stable
and narrow-band FEL beam, which is easier to handle if the
fundamental is suppressed. A thorough revision of the parameter
space for harmonic lasing has been performed recently within
the framework of three-dimensional FEL theory and taking into
account all essential effects. In particular, it was found that
harmonic lasing has an advantage over wavelength tuning by
means of opening the undulator gap (which is the current
baseline option at the European XFEL). The complete spectrum
of prospective applications of harmonic lasing covers the
following fields:

> Extension of wavelength ranges of existing and planned
X-ray FEL facilities beyond the baseline

> More flexible operation of facilities with several undulator
beamlines

> Reduction of the bandwidth at saturation (mild mono-
chromatization) and increase in brilliance

> Simultaneous production of two colours for pump—probe
experiments with easy control of the intensity ratio

> Fast switching between two or more colours for different
user experiments

> Possibility of using more simple and robust undulator
technology with larger periods and gaps at low-energy
X-ray FEL facilities.

Realization of a harmonic lasing option is technically simple and
just requires a clever tuning of phase shifters between undulator
modules. The use of radiation attenuators can additionally

improve the scheme. With an appropriate tuning of phase shifters,
the fundamental harmonic is disrupted, opening the way for a
strong growth of higher harmonics. Selective suppression of
the fundamental harmonic is also possible in the X-ray range
using the strong dependence of absorption coefficients on
the wavelength.
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Figure 1

Example for LCLS: Averaged peak power for the fundamental harmonic (grey line) and
the third harmonic (blue line) versus geometrical length of the LCLS undulator (including
breaks). The wavelength of the third harmonic is 0.05 nm (photon energy 25 keV). The
fundamental is disrupted with the help of a spectral filter and phase shifters. The spec-

tral filter is placed in the existing self-seeding chicane.

Harmonic lasing can be easily implemented in the existing and
planned X-ray FEL facilities. After minor modification, LCLS can
lase at the third harmonic up to a photon energy of 25-30 keV,
providing multi-gigawatt power level. At the European XFEL,

harmonic lasing would allow for an extended operating range
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Figure 2

Example for the European XFEL: Averaged peak power for the fundamental harmonic
(grey line) and the third harmonic (blue line) versus magnetic length of the SASE1 undu-
lator. The wavelength of the third harmonic is 0.02 nm (photon energy 62 keV). The
fundamental is disrupted with the help of phase shifters installed between the 5 m long

undulator segments.

(ultimately up to 100 keV), increased brilliance, two-colour
operation for pump-probe experiments and more flexible
operation at different electron energies.

An attractive option that can be considered for the European
XFEL is a reduction of the bandwidth by using harmonic lasing
instead of lasing in the fundamental mode. In a gap-tunable

undulator, one can combine a high power and a narrow band-
width. A possible trick is to use harmonic lasing in the exponential
gain regime in the first part of the undulator, making sure that
the fundamental frequency is well below saturation (two options
can be considered: with and without disruption of the fundamental

by phase shifters, depending on the ratio of gain lengths). In
the second part of the undulator, the value of Kis reduced so
that now the fundamental mode is resonant with the wavelength
previously amplified as the third harmonic. The amplification
process proceeds in the fundamental mode up to saturation.
In this case, the bandwidth is defined by the harmonic lasing,
i.e. it is reduced by a significant factor depending on the harmonic
number. But the saturation power is still as high as in the reference
case of lasing at the fundamental, i.e. brilliance increases.

Although this increase in brilliance is essentially smaller than
when applying seeding and self-seeding schemes, the method
of combined lasing does not require extra undulator length, is
not restricted by a finite wavelength interval, and is completely
based on the baseline design. For many experiments, such a
mild reduction of the bandwidth is sufficient. Relative intensities
of the fundamental and the third harmonic can be easily con-
trolled by changing the phase shifters. Simultaneous lasing at
the fundamental and the third harmonic with comparable in-
tensities for jitter-free pump—probe experiments can be realized
in a wide range of wavelengths and radiation intensities.

In conclusion, we note that the application of harmonic lasing
can stimulate further developments of X-ray FEL projects using
low-energy electron beams. In particular, it will be possible to
operate the European XFEL in a continuous-wave (CW) mode
and cover a wavelength range below 0.1 nm.

Contact: Evgeny Schneidmiller, evgeny.schneidmiller@desy.de
Mikhail Yurkov, mikhail.yurkow@desy.de

References:
1. E.A. Schneidmiller and M.V. Yurkov, Harmonic lasing in x-ray free
electron lasers, Phys. Rev. ST AB 15 080702 (2012)
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Longitudinal space
charge amplifier.

From unwanted effect to generation of attosecond X-ray pulses

Longitudinal space charge (LSC) instability effectively develops in electron beam transport systems consisting of
drift and dispersion sections. It is well known as an unwanted effect in the beam formation systems of X-ray
free-electron lasers (FELs), causing modulation of the electron beam at optical frequencies, which significantly
complicate electron beam diagnostics with optical methods. However, when LSC instability develops in a
controlled way, it can be used to generate powerful radiation in the X-ray range. An LSC amplifier (LSCA)
setup consists of a few amplification cascades (focusing channel and chicane) and a short radiator undulator
at the end. The broadband nature of LSC instability supports the generation of few-cycle pulses with durations
on a 100 attosecond scale. Realization of this scheme at FLASH would allow the generation of 60 attosecond

(FWHM) long X-ray pulses with a peak power at the 100 MW level.

Description of the scheme

The LSCA scheme (Fig. 1) is simple, both conceptually and
technically. Density fluctuations of the particle beam (due to
shot noise) are amplified in a sequence of LSCA cascades.
Each amplification cascade consists of a focusing channel
(some FODO periods) and a dispersive element (usually a
chicane) with an optimized longitudinal dispersion. In the channel,
energy modulations are accumulated that are proportional to
the density modulations and space charge impedance. In the
chicane, these energy modulations are converted into induced
density modulations, which are much larger than the initial ones.
The number of cascades is defined by the condition that the
total amplification be sufficient for saturation (density modulation
of the order of unity).

The amplified density modulation has a large relative band-
width, typically in the range of 50-100%. A radiator undulator
behind the last cascade (Fig. 2) produces powerful radiation
with a relatively narrow line (inverse to the number of undulator
periods) within the central cone. This radiation is transversely
coherent, and the longitudinal coherence length is given by the
product of the number of undulator periods and the radiation
wavelength. When the LSCA saturates in the last cascade, a
typical enhancement of the radiation power over that of
spontaneous emission is given by the number of electrons
per wavelength.

Figure 1
Scheme of the LSCA (top) and current profiles before

and after the amplification stages (bottom)

@ LSCA cascade @

©) @

1T

17T

AV A\L

Lo

AV

focusing

chicane
channel

simulation of amplification of shot noise:

T

shot noise @ [ currrent -

LT y—
|' I'

2pum f

1 1 |

' current

rlk.'“"

A
LY

' '® Cl.lﬂiEnt -

:lkA /-quvm\ KA | M '}W "HR

: @ urrent

@

||| 1

38 | Highlights - New technology - Developments



focusing
channel

YT s

chicane ®

R AT

laser modulator radiator
pulse  undulator undulator
Figure 2 simulation of amplification of shot noise:
Scheme of the modified last F‘: url:‘ent ' ! ! " -‘@ l:.u r.re .r1'I:. g I'LI:I'I ]
amplification stage followed by - 4 \ | g
the radiator undulator (top) 10KA | L10kA L I_ 0]
and current profile before —_— |
the undulator (bottom) 1 1
Y R S, CT

The last cascade is modified: a short modulator undulator is
installed in front of the last chicane. In this undulator, the electron
beam is modulated in energy by a powerful few-cycle laser pulse.
The modulation wavelength is large compared to the micro-
bunching wavelength, so that a short slice in the electron bunch
gets the strongest energy chirp and is strongly compressed
in the following chicane. At the same time, the wavelength is
shrunk and the peak current increased. The dispersion of this
chicane and the chirp are adjusted such that a required wave-
length compression within that slice is achieved and the
amplification of the microbunching through the last chicane is
optimal. (The parameters of the whole amplification chain are
adjusted such that saturation is reached in the last chicane.)
Other parts of the electron bunch are either uncompressed or
have much weaker compression.

FLASH with LCSA

Operation of the attosecond scheme is exemplified with beam
parameters as can be reached at FLASH. A 100 pC bunch is
compressed to 1 kA and accelerated to 1.2 GeV. Beam dynamics
simulations expect a slice energy spread of 150 keV and a
normalized emittance of 0.4 pm. For these parameters, the
optimal wavelength for amplification in the LSCA is around 40 nm.
Each cascade in Fig. 1 has a drift of 2.8 m (or two FODO periods)
and a total length (with chicane) of 3.5 m. A last special cascade
(Fig. 2) is required, so that the total length is about 14 m. A short
part of the beam is compressed 8 to 10 times, so that the final
wavelength is 4-5 nm. For this purpose, a two-period modulator
undulator is installed in front of the last chicane. In this undulator,
the electron beam is modulated in energy by a powerful few-cycle
laser pulse (Fig. 3). A short slice of the electron bunch gets
the strongest energy chirp and is compressed (by a factor of
about 10) in the following chicane. The dispersion of the chicane
and the maximal slope of the laser pulse are adjusted such that
a required wavelength compression (in a short slice) is achieved
and, at the same time, the ampilification of the microbunching
is optimal (Fig. 2, bottom).

Self-interaction of electrons in the beam due to space charge
fields in the focusing channels is simulated with a 3D version
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Energy modulation by a

few-cycle laser pulse

@ radiation simulation:

different realizations of

Figure 4

Some realizations of
100 MW attosecond
pulses after the radiator

undulator

of the space charge tracking code Astra. The macroparticles
of the simulation correspond to real electrons and produce
physical shot noise. Only a 2 um piece of the 100 pC bunch
is tracked (see current profiles in Fig. 1 and 2). The radiation
process is computed with the code FAST. Several realizations
of attosecond pulses are shown in Fig. 4. The typical duration
of these pulses is 50 to 70 attoseconds, the peak power is at the
100 MW level, and the bandwidth is about 20%. The ensemble-
averaged pulse energy is 5 nd with pulse-to-pulse rms fluctuations
of about 35%.
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Multibeam klystrons
for the European XFEL.

Testing 10 MW multibeam Klystrons at the klystron test stand at DESY

For the European XFEL, multibeam klystrons, which can produce 10 MW of RF power at 1.3 GHz RF frequency,
1.5 ms pulse length and 10 Hz repetition rate, were chosen as RF power sources. Twenty-seven horizontal
multibeam Klystrons (MBKs) together with connection modules (CMs) will be installed in the European XFEL
underground tunnel. The CM connects the MBK to the pulse transformer with only one high-voltage (HV) cable,
because the CM has a filament transformer inside as well as all the diagnostics for klystron HV and cathode
current measurements. MBK prototypes together with CM prototypes have been tested a long time at a test
stand at DESY, with about 4600 hours of operation for each horizontal MBK at full RF output power, full pulse
length and a repetition rate of 10 Hz. Testing of first series production MBKs has started.

Introduction

For the European XFEL project, horizontal MBKs made by two
companies have been chosen as RF power sources for the
27 RF stations: MBK TH1802 from Thales and MBK E3736H
from Toshiba. The main parameters of the MBKSs are given in
Table 1.

Parameter Design Measured

Peak output power (MW) 10 10.3

RF pulse length (ms) 1.5 1.5

Efficiency (%) > 63 64

Repetition rate (Hz) 10 10

Average RF power (kW) 150 155

Average power in collector (kW) 300 270

Max. drive power (W) <200 <150 Figure 1

Bandwidth (MHz) 3 >3 Toshiba E3736H with connection module and HV cable
Table 1

Design and measured main MBK parameters

Because the klystrons of the RF stations will be located in the
underground tunnel, it is very important to avoid handling of
transformer oil during installation of the MBKs. Therefore, a
connection module (CM) and HV cable were proposed and
tested as connection between the MBK and the HV pulse
transformer (Fig. 1). Several types of HV cables and connectors
as well as CM prototypes were tested. Another big advantage
of using a CM is the integration of a HV high-frequency filament
transformer and monitors for measurement of klystron voltage
and cathode current in the CM.

MBK test stand

Since the DESY test stand has two test chambers, two klystrons

can be tested in parallel. Figure 2 shows a top view of the Figure 2

test stand. Toshiba E3736H and Thales TH1802 in the chambers of the DESY MBK test stand
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Each of the output waveguides of the klystron is connected via
WR650 directional couplers and RF power dividers to two RF
loads. This allows testing up to full power for both peak power
(10 MV) and average power (150 kW). The waveguide system
is pressurized by dry air up to 1.35 bar absolute. The pressurized
waveguide and air flow up to 10 I/min allow operation without
breakdown at a pulse power level of 5 MW in one klystron out-
put arm, with a pulse length of 1.5 ms and a repetition rate of
10 Hz. During the prototype tests, several klystron parameters
are checked and recorded, such as RF power, voltage, current,
bandwidth, gain, phase response and efficiency.

Figure 3

Thales TH1802 with directional coupler, power divider and two RF loads

The horizontal MBKs for the European XFEL make use of M-type
dispenser cathodes. For this type of cathode, we can expect
an average klystron lifetime of up to 145 000 hours. Under real
operation conditions, however, the lifetime of the klystron can
be reduced by serious fault conditions, such as klystron gun
arcing, RF breakdown, klystron beam loss inside the tube or
operation of the klystron under bad vacuum conditions. To
minimize the influence of severe conditions on klystron lifetime,
a special fast protection system (klystron lifetime management,
KLM) was developed and tested. The main tasks of the KLM
are: fast detection of all events that can destroy or damage the
klystron, stop of input power to the tube, stop of HV pulse and
finally initiation of a recovery procedure.

The klystron recovery procedure depends on the type of event
that has happened. In order to make a decision which type of
recovery procedure should be used, the KLM accumulates
signals from different types of sensors. The klystron input and
both outputs have a directional coupler. These couplers are used
to detect reflected RF power from the input and outputs and
to analyse the difference of the expected and actual pulse
shape. Fast light sensors are used to detect a breakdown on
the air side of the output window of the klystron or in the wave-
guide section between the window and the direction coupler.
Gun arcs in the klystrons are det