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Report:
Hexagonal 2H-NbSe2 has a phase transition at 35K [1] towards a charge density
wave (CDW) state. The lattice becomes modulated, which produces incommensurate
satellite reflections in X-ray diffraction experiments. The intention of our experiment
at beamline BM01A was to measure the intensities of a sufficient number of Bragg
reflections, including satellites, at a temperature below the phase transition, in order
to determine the modulated crystal structure in the CDW state. For this purpose
the MAR345 imaging plate system at BM01A was used together with a He-cryojet
which allows cooling down to at least 15K. A plate-like crystal that had been tested
before on a diffractometer with a point detector was used for the experiment.
Three data sets were recorded. The first one served as test to determine optimum
exposure times and rotation stepwidths (∆φ). Since the intensity difference between
main reflections and satellites is enormous, two different data sets were necessary.
For data set I an exposure time of 5s/frame, a Pt-foil as attenuator, and a ∆φ of 2◦
was chosen to cover the intensities of main reflections, while avoiding over-exposure.
Another data set was necessary for the much weaker satellite intensities. For data set
II the parameters 300s/frame and ∆φ = 2◦ with no attenuator were selected.
Several problems were encountered during this experiment, as they were caused by
the He-cryojet system. Lack of experience with this new cooling system made several
readjustments of the apparatus necessary during the data collection. The flow rate of
the He stream also had to be readjusted several times and afterwards appeared to have
been set to too high values, leading to unexpected interruptions of the experiment.

Ice formation also had some impact on the data collection. The experiment had to be
watched continuously and the ice had to be removed manually in irregular intervals
several times.
Standard procedures of data processing of area detector data could not be used, because of areas shaded by the cooling system. The shaded areas did collect a continuous
background, that was of comparable intensity as parts of the background in the nonshaded areas of the images. This made an automatic exclusion of the shaded regions
from data analysis with the available software (Denzo [2], XDS [3]) impossible. To remove the shaded area from indexing and integration, the procedure of data processing
was modified using the program XDS. The background file of XDS was transformed
to a standard pixel image format. Employing a commercial program for image editing, the intensities in the shaded areas were set to zero, after which the image was
transformed back to the XDS format.
Ice had to be removed manually resulting in slight movements of the crystal. Hence,
for the data analysis each run had to be divided into several parts with different
orientiation matrices. This precluded a continuous integration of intensities for the
two data sets and introduced additional sources of error.
The intensities of data set I could be integrated, but, as expected, none of the satellite
intensities was larger than 3σ. The main reflections were tested for their quality by
refinement of the known basic structure of NbSe2 . The internal R-value gave 7.6%,
the refinement led to R = 17.1%. The displacement parameters had the tendency to
become negative, which is ascribed to lacking absorption correction. We could not
find a computer program allowing the use of ψ-scans for the absorption correction of
image plate data. Such a software is presently being written by us.
We were not successful in attempts to integrate data set II. An orientation matrix
was found that reflected the unit cell of NbSe2 , but inspection of the images showed
no match between calculated and observed positions. Several reasons for this failure
can be envisaged. One is that XDS does not properly handle the over-saturated main
reflections, but also twinning of the crystal cannot be excluded.
The experiment has been successful in so far as good Bragg reflections, including CDW
satellites, have been observed. However, the data quality is not sufficient to reach the
goal of determining the incommensurately modulated structure of the CDW state in
2H-NbSe2 . This poor data quality is due to unforeseen experimental diffculties with
the He-cryojet system, that now have been understood, and that can be avoided in
future experiments. The problem of the treatment of shaded areas in data analysis
is solved, and we expect to complete software for absorption correction in the near
future.
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