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DORIS II DORIS III DORIS III  dedicated for SR
electrons positrons

Preface

At the Hamburger Synchrotron Radiation Laboratory 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
Society. HASYLAB contributes to the training of students in physics via a close collaboration with the
II. Institut für Experimentalphysik of the University of Hamburg.

DORIS III is operated with positrons at an energy of 4.5 GeV and initial currents of 150 mA in the 5
bunch mode of operation. The overall reliability was 93%. Typical lifetimes are about 12 hours in the
beginning and 22 hours at the end of a 10 hours run period. DORIS was operated from January 25. to
December 20, 1999. The 5900 hours of scheduled dedicated user time were grouped in 7 blocks, sepa-
rated by one week for maintenance. To optimise DORIS operation eight-hour machine shifts were
inserted on the second, third and fourth Thursday of each beamtime block. For experiments which
need a special time structure, the storage ring was operated in reduced bunch mode for about 20% of
its running time. At PETRA about 1800 hours of parasitic beamtime have been provided in 1999.

In DORIS new power supplies for the correction magnets were installed in 1999 and the beam position
controls were integrated into the PC based control system. As a result the stability of the beam position
of the controlled beams was significantly improved. Further improvements were achieved by com-
bining the information from beam position monitors of different beamlines in a common control. To
reduce the horizontal orbit instabilities due to movements of quadrupoles, the related vacuum cham-
bers in the DORIS arcs and the kicker magnets inside will be replaced by new chambers which are
decoupled from the magnets in the summer shutdown of the year 2000.

Beamtime [hours] and average beam current [mA] delivered by the storage ring DORIS since 1989



Since the growing synchrotron radiation community asks for frequent access to beamtime, DESY will
provide synchrotron radiation from the DORIS and PETRA storage rings also during the construction
and commissioning phase of TESLA, the planned Linear Collider for particle physics with incorpo-
rated X-ray Free Electron Lasers. A working group has been established with the goal to reduce the
emittance of DORIS by at least a factor of 10 leaving the location of the wiggler beamlines un-
changed. The results will be discussed with the user community considering the resources needed for
the reconstruction of DORIS, the beamlines and a larger number of experimental stations, and taking
into account the longer shutdown needed for this major reconstruction. After conclusion of the current
particle physics program at HERA the PETRA storage ring could become a dedicated synchrotron
radiation facility. Therefore another working group has been established at DESY, which will study
the potential of PETRA for synchrotron radiation research if operated at 6 GeV electron energy. With
an optimised magnet lattice in the tunnel of 2.3 km circumference, it is quite likely that beam proper-
ties can be achieved which exceed those of present 3rd generation machines.

The commissioning of the Free Electron Laser for the VUV and soft X-ray spectral range and the new
Linear Accelerator based on superconducting technology started in 1999. All individual components,
including undulators with vacuum chambers and photon beam diagnostics, are installed. In August
1999 the first spontaneous undulator radiation was observed. One of the short term goals has been
achieved recently. In full operation one of the LINAC cryomodules, containing eight 9-cell supercon-
ducting Nb-cavities, showed an average acceleration gradient of 22.6 MeV per meter, for the TESLA
Linear Collider project a gradient of 22 MeV per meter will be needed. At present the emphasis is on
improving the overall stability of the LINAC components and to avoid emmittance growth of the
electron bunches during transport through the LINAC. In the proof of principle experiment for the
SASE FEL lasing at a wavelength around 100 nm is aimed for. The tunnel for the VUV FEL user fa-
cility was finished in the rough and the construction of the experimental hall is also progressing very
well. Both buildings will initially house the EXPO 2000 exhibition which will take place from June 1.
to October 31., 2000.

Important progress has been made at DESY in working out the Technical Design Report for TESLA,
which will contain the technical layout of the facilities and the scientific case for both particle physics
and synchrotron radiation research, as well as time schedules and cost estimates. In order to coordinate
the efforts made at  different laboratories for the development of next generation synchrotron radiation
facilities a wide international network has been formed, including all the major laboratories interested
in building and usage of X-ray Free Electron Lasers in the 1 Å wavelength range. On the political
scene an important decision has been made by the German Ministry of Education and Research

Number of scientists involved in experiments performed at HASYLAB over the last 9 years.
(Users coming for more than one beamtime per year are counted only once)
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(BMBF) to ask the German Science Council (Wissenschaftsrat) for an evaluation of the TESLA proj-
ect. The evaluation will take place in 2001 and 2002.

In 1999 the following international workshops and conferences were held at DESY-HASYLAB:

• EU Workshop on “Research with Synchrotron Radiation at HASYLAB”, 28. January 1999

• EU Workshop on Scientific Applications and Experimental Developments for the VUV FEL at
DESY, 11.-12. March 1999

• EMBO Workshop: “Potential Future Applications in Structural Biology of an X-ray Free Electron
Laser at DESY, 4.- 8. July 1999

• 21st International Free Electron Laser Conference and 6th FEL Applications Workshop,
23. - 28. August 1999

An IHP-RTD proposal on the development of a pump-probe facility with sub-picosecond time resolu-
tion, combining a high power optical laser and the VUV FEL at DESY, was funded within the Fifth
Framework Program of the European Commission. Within the “Strategiefonds” program of the
“Hermann von Helmholtz-Gemeinschaft Deutscher Forschungszentren” a proposal for funding the
seeding option of the VUV FEL at DESY was granted. Within the “Vernetzungsfonds” of the BMBF a
proposal for a RF photo-injector test facility was funded. In the past the HASYLAB facilities could be
opened to a wider European users community thanks to special programs of the European Commis-
sion. This support was renewed for the coming 3 years within the IHP program of the EC for transna-
tional access to research infrastructures. 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 and Research (BMBF) and helped very much to make efficient use of the beamtime
available at HASYLAB.

The HASYLAB Annual Report 1999 is again published as a CD-ROM and an internet version, only a
limited number of hard copies will be provided. It contains 690 reports on experiments performed this
year at HASYLAB, including structural biology. The list of groups involved in the preparation and

Comparison of the Linear Magnetic Dichroism (LMDAD) in the 2 photoelectron spectra of free
oriented Cr atoms and from the magnetised Cr surface layer on a Fe single crystal.

Both curves are displayed along the binding energy axis of the free atoms and normalised to each
other in the maximum. Atomic multiplet splitting and sattelite emission determine structure and

shape of the spectra.

The agreement between the results for free atoms and the condensed state of Cr is a convincing proof
of the atomic nature of LMDAD.

Data were taken at the HASYLAB wiggler beamline BW3.
(Ph. Wernet, J. Schulz, B. Sonntag, K. Godehusen, P. Zimmermann, C. Bethke and F.U. Hillebrecht)



performance of experiments at HASYLAB in 1999 contains 262 institutes and about 1600 scientists.
In the field of structural biology 500 scientists from more than 100 institutes, primarily from Europe,
used the EMBL beamlines and facilities at DESY. The reports on their experiments have been col-
lected 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. The short time of only two weeks available
for editing does not allow a critical survey on the scientific results which are presented.

For DESY the year 1999 was overshadowed by the sudden death of Bjoern H. Wiik, who died on 26.
February 1999 after an accident in his home. He was the father of HERA and, as chairman of the
DESY directorate since 1993, he shaped the laboratory’s future by linking it to the TESLA project.

The DESY Council appointed Albrecht Wagner as the new chairman of the directorate. The DESY
research activities are now coordinated by two new directors, Robert Klanner with emphasis on parti-
cle physics and Jochen R. Schneider with emphasis on synchrotron radiation and free electron lasers.

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

Jochen R. Schneider
Director HASYLAB

Atom-resolving X-ray holography: bcc Fe as a test case.

Pure direct X-ray fluorescence holography (XFH) measurements allow a straightforward 3-
dimensional reconstruction of the neighbourhood of the fluorescence emitter atom

and a quantitative analysis of the reconstructed atomic images.

The figure shows the reconstruction of the location of  the 34 atoms in a volume of  (7 Å)3 around
the emitter atom. The 8 nearest neighbours are marked in a different colour.

Data were taken at the HASYLAB wiggler beamline BW1.
(T. Hiort, D.V. Novikov, E. Kossel and G. Materlik)


