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At the Hamburger Synchrotronstrahlungslabor HASYLAB synchrotron radiation emitted from
positrons or electrons in the DORIS III and PETRA II storage ring is used in many different ways in
fundamental and applied research in the fields of physics, biology, chemistry and crystallography, in
materials and geological sciences as well as in medical applications. This is done by using a wide
spectrum of electromagnetic radiation ranging from the visible to the hard X-ray regime and covering
an energy domain from about 1 eV to 300 keV. At nine experimental stations the structure of bio-
molecules is studied by scientists of the Hamburg Outstation of the European Molecular Biology
Laboratory (EMBL) and by three research units for structural molecular biology of the Max-Planck-
Gesellschaft. HASYLAB contributes to the training of students in physics via a close collaboration
with the II. Institut für Experimentalphysik of the University of Hamburg.

The last 24 hours run of DORIS III in 1998: Current in mA and lifetime τ in hours

In 1998 one of the long term goals for DORIS III operation at 4.5 GeV positron energy was achieved:
Since July 1998 initial currents of 150 mA have been reached routinely in the normal 5 bunch mode of
operation. At the end of this year lifetimes of 13 hours at 130 mA and 22 hours at 90 mA have been
achieved. For repairs of a vertical kicker and a feedback cavity the DORIS vacuum system had to be
partly ventilated twice this year. Fortunately after a few days satisfying beam conditions were re-
established, so that, nevertheless, a very good overall reliability of 91% was reached. The integrated
beam current in 1998 was 417 Ampere hours, which is about 25% higher than last year and represents
the highest value obtained so far at DORIS. In the future emphasis will be on improving beam stability
and overall reliability of the DORIS storage ring. Some beamline components will be further
developed to allow for the best use of the higher DORIS current.

DORIS was operated from 30. March to 21. December 1998. The 5160 hours of dedicated user time
were grouped in 7 blocks of 5 or 4 weeks duration, separated by a week for maintenance. For purposes
of DORIS optimisation eight-hour machine shifts were inserted on the second, third and fourth
Thursday of each beamtime block. In the end 4696 hours of dedicated beamtime for synchrotron
radiation research were provided in 1998. To allow for experiments which make use of the time
structure of DORIS, the storage ring was again operated in reduced bunch mode for about 25% of its
running time.

The modernisation program of HASYLAB beamlines and instrumentation was continued in 1998. The
upgrade program of the facilities for absorption spectroscopy has been finished. The double-crystal
monochromator Römo 2 of beamline X1.1 is now equipped with three pairs of Si (511), (311) and
(111) crystals so that the energy range 6 - 70 keV is accessible in an easy way. Station X1.1 offers
state of the art possibilities for gas in-situ treatments of samples and got a chemistry laboratory only



10 m away from the experimental hutch. The design goals at beamline A1 have been met and first
absorption spectra around the sulfur K-edge, i.e. down to 2450 eV could be measured successfully. As
one of the first examples for X-ray magnetic circular dichroism (XMCD) at beamline A1 the Mn K-
edge spectrum was measured in transmission.

At the wiggler beamline W1 installation of a new adaptive bending monochromator improved the
intensity at the sample by a factor of 5. In agreement with calculations the flux at 10 keV is now only
by a factor of 2.5 lower than at beamline BW2. The possibilities for XMCD measurements at this
beamline have been enhanced by producing circular polarised radiation with a λ/4-platelet of Be. X-
ray fluorescence holograms have been measured at beamlines C and BW1 for the simple test case of
bcc Fe and, for the first time, the 3-dimensional structure has been reconstructed.

The installation of a collimating mirror at the powder diffraction beamline B2 improved the resolution
of the diffractometer in its high resolution mode of operation significantly and lead to gains in
intensity up to a factor of 3. A SMART CCD camera was implemented at the crystallography
beamlines F1 and D3 and successfully applied to a number of problems including charge density work
on large unit cell systems and measurements of diffuse scattering related to structural phase
transitions. At the high field wiggler beamline BW5 Si-Ge gradient crystals turned out to be highly
efficient monochromators for X-rays with energies above 70 keV and allowed for novel studies of
solid-liquid interfaces. High energy synchrotron radiation was also used in a pilot study on
microtomography of large samples using absorption as well as phase contrast imaging. At the PETRA
undulator beamlines the spectrometer for coincident Compton scattering was completed with the
installation of a 12-pixel Germanium photon detector which operates in coincidence with a 33-pixel
Si-pin diode measuring the recoil electrons. A program to study the prospects of synchrotron radiation
Mößbauer experiments at the PETRA storage ring has been started.

Within the program of the European Union for "Training and Mobility of Researches" DESY-
HASYLAB is involved in two TMR-RTD projects to develop and produce new detectors for the
synchrotron radiation community. The development of a multi-cell silicon drift diode detector for
spectroscopic applications including fluorescence holography is co-ordinated by HASYLAB and
includes activities in the DESY micro- and optoelectronics group, at the Max-Planck-Institute for
Extraterrestrial Physics in Munich, Politecnico di Milano, N.C.S.R. "Demokritos" in Athens and the
Daresbury Laboratory in the UK. The second project is directed to the development of area detectors
for small angle X-ray scattering. It includes Elettra, ESRF, the Austrian Academy of Science, the
University of Siegen, DESY and Daresbury Laboratory, which coordinates the activities.

The construction of the Free-Electron Laser for the VUV and soft X-ray spectral range at DESY is on
schedule. Further progress has been made with the production of superconducting cavities for the
LINAC, the average gradient is now 25 MeV per meter. A new photo cathode and the second bunch
compressor have been installed. To protect the undulator a sophisticated collimator system has been
designed. The three 4.5 m long undulator structures are delivered and currently the magnetic fields are
fine tuned. The undulator vacuum system is built in collaboration with the APS, Argonne National
Laboratory, USA. The prototype of the diagnostic block for beam position measurements in front and
at the end of each of the undulator modules is delivered, pickup monitors and waveguide monitors are
manufactured. All the components will be installed in DESY Hall 3 together with the equipment for
photon beam diagnostics. The goal is to prove the SASE principle at a wavelength of about 120 nm in
the summer/fall of 1999. Afterwards LINAC and FEL will be further optimised and first experiments
will be performed to characterise the properties of the FEL beam. Next the LINAC will be extended
allowing for FEL operation at photon wavelengths down to 70 nm. In the year 2001 operation of the
phase I FEL will be stopped and the construction of the final FEL facility should start.

To a certain extent this time schedule reflects the fact that DESY’s FEL was elected as one of the
world wide projects of the world exposition EXPO 2000 taking place from June 1st to October 31st,
2000. Between 50000 and 75000 visitors are expected. A big effort is made to arouse people’s interest
for science in general, for the VUV FEL and for DESY’s project of a Linear Collider with
incorporated X-ray FELs. Visitors will be able to look at the X-ray laser right on the spot and to
witness its construction. We very much hope that they will experience all the scientific fascination of
the new device and learn more about research at DESY. Efforts are made to make the whole tour



exciting, easy to understand and entertaining without ignoring those visitors who want to get deeper
into the subject.

The VUV FEL at DESY: The proof of principle experiment will be performed in Hall 3. For the final
laser facility the LINAC will be extended into the tunnel which also houses 6 undulator modules. The

experimental hall is outside the PETRA ring.

The experimental hall and the tunnel will be used as exhibition halls for EXPO 2000.

In collaboration with a commercial company the HASYLAB Annual Report 1998 is published for the
first time as a CD-ROM and an internet version, only a limited number of hard copies will be
provided. The advantages are faster distribution and easier access to the most recent results obtained at
HASYLAB, colour prints facilitate their visualisation. In addition, search functions will make the use
of the report more efficient. On the other hand submission of the contributions sometimes caused
complications and we would like to thank the users for their kind co-operation. This Annual Report
contains 780 reports on experiments performed this year at HASYLAB, including structural biology.
The list of groups involved in the preparation and performance of experiments at HASYLAB in 1998
contains 229 institutes and about 1500 scientists. In the field of structural biology additional 650
scientists from more than 100 institutes, primarily from Europe, used the EMBL beamlines and
facilities at DESY. The reports on their experiments have been collected in a second section of the
1998 Annual Report. As in the preceding years, the authors are fully responsible for the content and
the layout of their reports. The short time of only two weeks available for editing does not allow a
critical survey on the scientific results to be presented.

As in last years additional travel funds for German HASYLAB users, who do not have funds for
research travel, were provided by the German Ministry for Education, Research and Technology
(BMBF) and helped very much to make efficient use of the beamtime available at HASYLAB. Thanks
to special programs of the European Union the HASYLAB facilities have been opened to a wider
European users community.



In 1998 scientific prizes were awarded to 4 colleagues who made extensive use of the synchrotron
radiation facilities at DESY-HASYLAB in their work. Professor Kenneth C. Holmes from the Max-
Planck-Institut für medizinische Forschung Heidelberg received the Gabor Medal from the Royal
Society London for his achievements in molecular biology and for introducing X-ray synchrotron
radiation as a powerful research tool. His pioneering synchrotron radiation experiments were
performed together with Gerhard Rosenbaum at DESY in 1970. Dr. Henning Friis Poulsen from the
Materials Research Department of the Research Center Risø in Denmark got the Hede Nielsens Fond
Research Award for the investigation of local materials properties in large samples using high energy
synchrotron radiation. Dr. Matthias Epple from the Chemistry Department of the University of
Hamburg received the Heinz Maier-Leibnitz Preis for his work on solid state reactions in organic and
metal-organic compounds. Professor Ilme Schlichting from the Max-Planck-Institut für molekulare
Physiologie in Dortmund received the Ernst Schering-Preis for her pioneering work in time resolved
protein crystallography.

Thanks to the high motivation of the HASYLAB staff and of the external users of the laboratory,
HASYLAB is facing promising years ahead of exciting synchrotron radiation research. The support of
synchrotron radiation research by all colleagues at DESY is very much appreciated.

Jochen R. Schneider

Director HASYLAB


