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The year 2003 was of special importance for the scientific communities pursuing research with
photons in Germany. In February the German government announced the construction of two new
large scale facilities at DESY which open most exciting perspectives for research with photons:

• PETRA III: A 3rd generation storage ring synchrotron radiation facility for hard X-rays.
• European XFEL Laboratory with linear accelerator in TESLA technology. The German

government offered 50% of the construction costs of the facility.

PETRA III is designed to become the hard X-ray synchrotron radiation facility with the smallest
emittance worldwide providing radiation of the highest brilliance and with a much higher degree of
coherence than achieved today. Special efforts will be made to focus the beam down to nanometer
scale cross sections for structural studies of materials with physical properties fluctuating on
nanometer length scales and for protein-crystallography on extremely small crystals, e.g. of mem-
brane protein molecules.

The European XFEL Laboratory with a linear accelerator in superconducting technology will
provide lateral coherent X-ray beams of ~0.1 nm wavelength with a peak brilliance about 9 orders
of magnitude higher than available from 3rd generation synchrotron radiation facilities. Because the
photons are delivered in flashes of about 50 femtoseconds duration this facility will allow for the
first time to study changes of the local structure of matter with atomic resolution in real time and it
holds the potential to revolutionize short wavelength photon based research.

Based on these decisions by the German government DESY prepared its programme for research
with photons in the years 2005 to 2009 for a strategic evaluation by a high level internal review
board within the scheme of Programme Oriented Funding of the Helmholtz Association, which
will take place in the spring of 2004. Research with photons at DESY in the years 2005-2009 will
be built on 4 pillars:

• The DORIS III storage ring mainly for experiments needing high photon flux.
• The PETRA III storage ring optimized for the lowest emittance and highest brilliance.
• The VUV-FEL user facility providing laterally coherent laser radiation at extreme intensities

in pulses of ~100 fsec duration in the wavelength range from 6 to 100 nm.
• The European XFEL Laboratory project with an expected start of construction in 2006 and

commissioning of beamlines in 2012.

DESY will thus provide a unique spectrum of outstanding facilities for research with photons to the
national and international science communities. The accelerator department will focus more and
more on the development, construction and operation of accelerator based light sources. Based on
the strong commitment of the user communities and together with its international partners, DESY
has thus an extraordinary potential to promote progress in accelerator based light sources and pho-
ton sciences as a whole.

In preparation of the strategic evaluation by the Helmholtz Association a subcommittee of DESY's
Extended Scientific Council reviewed the DESY activities in construction and use of accelerator
based photon sources over the period 2000-2003 and evaluated the proposed programme for the
period 2005-2009. In addition in June 2003 the DESY Machine Advisory Committee (MAC) re-
viewed the activities of the accelerator department. Both reviews were very positive, stimulating
and most helpful for the development of  DESY's strategy for the years up to 2009. Here I would
like to thank the members of both review boards for their impressive engagement and help.

DESY will continue to operate DORIS III during the whole funding period by keeping the basic
parameters of the storage ring fixed, but attempts will be made to increase the brilliance by reduc-



ing the coupling ratio. Maintenance and incremental improvements of machine performance in-
clude issues of beam stability and the replacement of older accelerator components and infrastruc-
ture in due time in order to keep the level of reliability at ~95%.

In 2003 DORIS III provided 4891 hours of scheduled dedicated user time with an operation effi-
ciency of 95.9%. For experiments which need a special time structure, the storage ring was oper-
ated in reduced bunch mode for about 11% of its running time. In the spring a 16 weeks shutdown
was needed for work on the injector linac and the interlock system, which was also used to install 3
new injection kickers in the DORIS III storage ring. Now all quadrupolar magnets are decoupled
from the vacuum chambers and by using a new global beam position control software the beam
stability could be improved significantly. The operation of PETRA II as a synchrotron radiation
source was limited to about 915 hours.

The Technical Design Report for PETRA III will describe the injection system, the layout of the
storage ring and the experimental hall, as well as the proposed beamlines and instruments. The re-
port will be available in February 2004. Within the PETRA III project DESY intends to build and
to operate 7 undulator beamlines out of the 13 available. Construction and operation of the remain-
ing 6 beamlines are expected to be financed or realized by other research institutions like GKSS,
EMBL and Max-Planck Society. In 2007 reconstruction of the PETRA ring will start and commis-
sioning of storage ring and beamlines is foreseen for the fall of 2008. Start of user operation is ex-
pected for spring 2009. A sub-group of the DESY Machine Advisory Committee including experts
from recently built storage ring synchrotron radiation facilities will review the Technical Design
Report and accompany the construction and commissioning of PETRA III. After a first review of
PETRA III the MAC sub-group described the project as a conceptually very clever design and a
cost efficient solution for a world class 3rd generation storage ring facility in the hard X-ray regime.
In early 2004 an external review board will be formed with the charge to recommend the beamlines
and instruments to be realized in the first phase of  PETRA III. Ongoing discussions with the ESRF
management will assure that the two facilities will complement each other to a large extent.

At the VUV-FEL at the TESLA Test Facility phase I the main effort was on the construction and
reliable operation of the linear accelerator in TESLA technology and the realisation of photon beam
diagnostics including the shot by shot measurement of the intensity of the beam and its spectral
distribution, as well as the degree of coherence. Theoretical start to end simulations describe all the
measured quantities in great detail. The complete statistical understanding of the intensity fluctua-
tions in the SASE FEL beam allows for a reliable indirect determination of the photon pulse dura-
tion. Further direct diagnostic tools are developed together with some of the user groups. The suc-
cessful experiment investigating the Coulomb explosion of Xe clusters of variable size and at vari-
able intensities was a breakthrough for SASE FELs. It stimulated theoretical work needed to under-
stand the results and is widely discussed in the community.

The VUV-FEL user facility currently under construction will lead to breakthroughs in technology
and scientific applications. The first goal at the VUV-FEL facility is to provide laser radiation
making use of SASE in the wavelength range from 100 to 6 nm, saturation at 30 nm is expected for
early 2005. Rapid progress is expected for almost all technical components which have to be tested.
Therefore a significant part of the operation time of the facility will be used for accelerator and FEL
driven R&D. However, the main goal is to provide the users with the best possible laser beam in
well defined time periods. It is widely recognized in the community that new approaches are
needed for doing the novel type of experiments exploiting the extraordinary properties of free-
electron lasers. Consequently more R&D in X-ray optics, photon beam diagnostics, detectors and
data processing is required.

The success of SASE FELs is strongly linked to the performance of the injector which has to pro-
duce short pulses of high charge density with very low transverse emittance. A rigorous R&D pro-
gramme is pursued at various laboratories world wide and DESY decided to build and operate a



photo-injector test facility (PITZ) at its Institute in Zeuthen near Berlin. The first electron gun has
already been developed successfully by a collaboration including DESY, the Max Born Institute,
BESSY and the Technical University of Darmstadt. With an average normalised emittance of 1.7 π
mm mrad it meets the specifications of the VUV-FEL user facility.

The European XFEL Laboratory project is based on the Supplement to the Technical Design
Report of the TESLA XFEL available under http://tesla.desy.de/new_pages/tdr_update/start.html.
At present it is discussed with European partners and modifications to our original proposal are to
be expected. On behalf of the European Strategy Forum on Research Infrastructures (ESFRI)
DESY organised a workshop on the "Challenges of the proposed European XFEL Laboratory" on
October 30th and 31st. The workshop was attended by 30 experts from abroad nominated by 8
ESFRI delegations and reached the conclusion that more R&D needs to be done, but technical so-
lutions are within reach to meet the parameters of the proposed European XFEL Laboratory in due
time. The day before the workshop the new site for the XFEL was presented in a public event at the
city hall of Hamburg. Starting with the injector located on the DESY campus the approximately 3.3
km long facility runs in a north-western direction to the town of Schenefeld in Schleswig-Holstein
where the experimental hall will be erected south of the city. This site will facilitate the building up
of synergies between DESY and the European XFEL Laboratory and allows the usage of existing
infrastructure. It is large enough to accommodate possible later extensions of the facility and
ground vibrations due to cultural noise are very low in the region of the switchyard and the experi-
mental hall.

Construction and scientific application of X-ray free-electron lasers represent an exciting challenge
to both the accelerator scientists and the potential user community. Therefore a step wise approach
for the realisation of the European XFEL Laboratory project is pursued at DESY in close collabo-
ration with the Stanford Linear Accelerator Center (SLAC). At SLAC the Linac Coherent Light
Source (LCLS), a SASE FEL aiming for 0.15 nm X-rays, is under construction and should be op-
erational in October 2008. The facility is preceded by the Sub-Picosecond Pulse Source (SPPS)
which provides X-ray pulses of 80 fsec duration by means of spontaneous emission. First experi-
ments including scientists from DESY have already been performed successfully at this facility and
all together 17 months of beamtime will be available up to the end of 2005.

The in-house research activities in photon science in the funding period up to 2009 will be strongly
enhanced by creating a new Centre for XFEL Science at DESY, which will serve as an anchor
point for the preparation of the scientific programmes at the VUV-FEL and the planned European
XFEL Laboratory, and to coordinate the necessary R&D for undulators, beamlines, instrumenta-
tion, detectors and data processing. The actual plan is to hire up to 55 scientists and engineers in-
cluding further Leading Senior Scientists (C4 equivalent).

Besides the realisation of the new projects PETRA III and XFEL the HASYLAB user operation
including the activities at the VUV-FEL user facility will remain of highest priority. DESY will
take over the responsibility for some of the experimental stations which in the past have been oper-
ated very successfully by external institutions because of the dramatic reduction of the support from
the "Verbundforschung" for the operation of existing experimental stations. The Forschungszen-
trum Geesthacht (GKSS) established its outstation at DESY and started the construction of the ma-
terials science centre at the new HARWI beamline, which will also accommodate a large volume
high pressure facility operated by the Geoforschungszentrum Potsdam (GFZ). The EMBL outsta-
tion finished the extension of its buildings and the laser institute of the University of Hamburg
moved into its new building on the DESY site.

In 2003 a number of very successful workshops and student training activities have been pursued.
Within the series of research courses on new X-ray sciences a course on plasma physics with X-
rays attracted 42 young scientists and 13 distinguished lecturers. In 2003 the DESY summer student
programme was split into two parts emphasising elementary particle physics or photon sciences,



respectively. HASYLAB received 24 students out of 56 applicants interested in synchrotron radia-
tion research. An "International Workshop on Hard Synchrotron X-rays for Texture and Strain
Analysis", a "DESY-ESRF Meeting on X-ray Detectors" and an "Industry Forum on In-situ Char-
acterisation of Catalytic Processes" were organised by HASYLAB scientists. A "PETRA III Work-
shop on Experimental Stations" was attended by more than 140 participants.

The HASYLAB Annual Report 2003 is again published as a CD-ROM and an internet version,
only a limited number of hard copies will be provided. It contains 803 reports on experiments per-
formed this year at HASYLAB, including structural biology. The list of groups involved in the pre-
paration and performance of experiments at HASYLAB in 2003 contains 271 institutes and about
1479 scientists. In the field of structural biology about 440 scientists from 138 institutes, primarily
from Europe, used the EMBL beamlines and facilities at DESY. The reports on their experiments
were collected in a second section of the Annual Report. As in the preceding years, the authors are
fully responsible for the content and the layout of their reports.

Dr. Andreas S. Schwarz, Leading Senior Scientist in Particle Physics at DESY, accepted major re-
sponsibilities in the project management of the European XFEL Laboratory including the prepara-
tion of the plan approval procedure (Planfeststellungsverfahren) for the new site. Dr. Gerhard
Grübel, ESRF Grenoble, joined DESY as a Leading Senior Scientist in Photon Science. His interest
is in studies of structure and dynamics of condensed matter systems with help of coherent X-ray
beams, especially the investigation of slow dynamics in complex fluids, including the development
of coherence based techniques and their adaptation to 3rd generation synchrotron radiation sources
and FELs.

The achievements made in the year 2003 were only possible due to the high motivation of the
HASYLAB staff, of all the colleagues at DESY and the various outstations at DORIS. The inter-
play with our users and their strong commitment to the facility are crucial for the success of the
laboratory and are very much appreciated. All together we are facing fascinating times for research
with photons at DESY.

Jochen R. Schneider
Director of HASYLAB


