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The high energy materials science beamline will be among
the first fourteen beamlines planned to be operational in
2009 at the new third generation synchrotron light source
Petra IIT at DESY, Germany. The operation and funding of
this beamline is assured by GKSS. 70% of the beamline
will be dedicated to materials science. The remaining 30%
are reserved for physics and are covered by DESY. The
funding for this beamline was approved in 2005, the
project was started in 2006. The materials science
activities will be concentrating on three intersecting topics
which are fundamental, applied, and industrial research.
The beamline will combine three main features: Firstly,
the high flux, fast data acquisition systems, and the
beamline infrastructure will allow to carry out complex
and highly dynamic in-situ experiments. Secondly, a high
flexibility in beam shaping will be available, fully
exploiting the high brilliance of the source. Thirdly, the
beamline will provide the possibility to merge in one
experiment different analytical techniques such as
diffraction and tomography.

For the insertion device a five meter long in-vacuum
undulator is in the design phase. It will be placed in a
high-p section. The device will be fully tunable in the
range from 50 to 300 keV with a main energy of 120 keV,
and it will be optimized for sub-micrometer focussing.
Filters for the suppression of energies below 50 keV are
foreseen to allow the operation of subsequent optical
elements in air or inert atmosphere.

The optics hutch will house the primary slits, a water
cooled fixed exit bent Laue double crystal
monochromator, and collimating Compound Refractive
Lenses (CRLs).

Two experimental hutches will be available. In the first
one a high resolution microstructure and strain mapper is
in the design phase. The aim for this instrument is to be
highly flexible in beam shaping and focussing down to
spot sizes far below 1 pum. The implementation of a
Kirkpatrick-Baez microfocussing X-ray mirror system and
CRLs is planned. Furthermore the hutch will accomodate
a diffractometer for physics experiments.

The second hutch will be equipped with a heavy duty
diffractometer for sample environments up to 1 t. One of
the in-situ applications will be a friction stir welding
device which is in the design phase and which will be
tested beforehand at GKSS' HARWI II beamline at
HASYLAB/DESY. Furthermore space for user provided
experiments and optics will be available. At the end of the
second hutch, about 90 m from the source, will be placed a
tomography setup.

In addition to the two experimental hutches a side station
with a hutch for the test of optical components and
detectors will be installed on the beamline. This test hutch
will be available for internal users.
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After more than ten years of supplying synchrotron light
of outstanding quality to the many thousands of ESRF
users, the time has come to envisage a “step function” in
the improvement of the accelerator and source, the
beamlines and the infrastructure. The ESRF is now writing
a detailed scientific and technical report describing plans
for a significant enhancement of its facilities and the new
science that would become possible.

The Upgrade will allow the current ESRF beamlines to be
enhanced and rebuilt for new science. The experimental
hall will be extended for beamlines up to 140 metres in
length to allow nano-sized beams with sufficient space
around the sample. Crystallography will benefit from an
improved suite of beamlines using nanofocus beams and
the high coherence of the source (for example a dedicated
nano-diffraction beamline with 50 nm beam for single
crystal  diffraction and scanning SAXS/WAXS
techniques). All beamlines will benefit from an increased
intensity: through a higher stored current (300 mA) and
via longer straight sections allowing longer undulators.
For example, the increased X-ray beam intensity
combined with improved detectors will accelerate powder
diffraction measurements by an order of magnitude
allowing an efficient parametric study of a system (e.g.
varying T, P or systematic variations in chemical synthesis
of the samples). To meet the demands of structural
biology, the macromolecular portfolio of beamlines will
be redeveloped with a spectrum of specialised stations
(such as automated screening; ultra-low, ultra-high
resolution data; routine collection of diffraction data at
long wavelengths; data from micro-crystals and from
crystals with very long wunit cell axes). These
improvements aim to give the possibility of screening of
many hundreds (or even thousands) of samples followed
by transfer of the best to the most appropriate beamline for
final data collection.

A key component of the Upgrade will be the routine
availability of complementary techniques, both integrated
on the beamlines and in support laboratories, allowing a
fuller characterisation of samples. Even more extreme
environmental conditions (important for example for
planetary science) will be developed: pressure,
temperature and pulsed and static magnetic fields together
with higher time resolution. Some of these developments
will be catalysed through science-driven partnerships.

The enhanced beamlines will require enabling
technologies such as nano-compatible engineering, novel
sample support and manipulation technology, improved
optical components, and state-of-the-art detectors.
Computing developments will target on-line data analysis
and data curation so users can collect large quantities of
data more efficiently, and then analyse or transfer the data
to their home laboratories

The ESRF’s continuing long term goal is to provide the
best possible service to European science, including
industrial applications. The ESRF can make an important
contribution to the development of the European Research
Area (ERA), not only directly through its own synchrotron
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