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50 BL35XU (High-Resolution Inelastic X-Ray Scattering)
5-1 Introduction

In FY 2004 (April of 2004-March of 2005) most effort at BL35
concentrated on incremental improvements, and establishing
stable running conditions, after the rather large changes in
FY2003.

5-2  Analyzer Array

The multi-analyzer array, installed in FY2003, came into
regular usage in FY2004. The array is shown in figure 1. When
combined with our 12 element detector, it allows users to collect
12 separate momentum transfers at one time, generally speeding
data collection and/or improving the quality of results. Thus, for
example, in a recent experiment in liquid selenium [!, averaging
fit results over several analyzers at nearly identical momentum

transfers allowed improved accuracy for the resulting parameters.

Fig.1 12 Analyzer array. Each crystal is about 10 cm in diameter.

The largest impact of the analyzer array, however, will
probably be in phonon measurements. Here the two-dimensional
nature of the array gives BL35 a unique advantage, as compared
to the linear arrays at other laboratories (ESRF, APS). In
particular, a vertical line of analyzers allows efficient
measurement of transverse phonon modes, allowing placement of
3 analyzers simultaneously along a high symmetry direction.
Thus, to take an example from a recent measurement (2], consider

measuring the dispersion along the (100) direction of c-axis (001)

1800
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polarized modes in an orthorhombic de-twinned YBCO crystal.
In order to get reasonable intensity, one requires then that the total
momentum transfer be large along the (0 0 1) phonon polarization
direction. By orienting the sample so that the ¢* or (0 0 1)
direction is in the horizontal scattering plane, and the a* or (1 0 0)
direction is vertical, one can use the three vertical analyzes to pick

off three different momentum transfers in the a* direction.

This is demonstrated in figure 2, where spectra are presented
for all 12 analyzers, along with the total momentum transfer, Q,
and the reduced momentum transfer, q. As one can see the
vertical line of analyzers corresponds well to the dispersion in the
a* direction. The slight shift also in the c* direction comes from
working near to the (1 0 10) Bragg point - it would be smaller if
one were in a more nearly pure transverse geometry near to the (0
0 10) Bragg point. In either case, the shift is not so important for
this primarily 2-dimensional material (it is also magnified because

the c-axis lattice constant is about 3 times the a and b lattice

constants).

5-3  Mirror for Nuclear Resonant Scattering
We performed very first tests of a small, 300 mm long, bent

cylindrical mirror for nuclear resonant scattering. The mirror was

polished by Nihon Pilar, and placed in a holder/bender done by
Aino-Sangyo. The mirror had was designed with a small sagital
radius, for approximately a 3 m focal length, appropriate for
placing between a high resolution monochromator and the sample.
While the sagital focus was good, taking the full horizontal beam
to a spot of 60 microns in the full width at half maximum
(FWHM) the meridonal focus was not impressive, with only
about an improvement of about a factor of two, to ~0.25 mm in
the vertical. This is not yet understood, but will be the subject of

future work.

Fig.2 30 cm cylindircal mirror for Nuclear Resonant Scattering
(NRS) mouned on a small bender.
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Fig.3 Results measured from YBCO at the indicated momentum transfers [2. The horizontal axis is energy transfer in meV, the
vertical axis is scaled by various factors (analyzer efficiency, x-ray polarization) but, within a factor of two or so, can be taken
as counts per second - the most interesting modes in this case are the higher energy ones (near 40 and 70 meV) at about 0.1
cps. This set of data comes from about 1 day of measurement time at a fixed arm position. The 12 spectra correspond to

the 12 analyzer crystals shown in Fig. 1. Note the convenient dispersion in the a* direction in the vertical.

discussion.

See text for
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5-4 Spectrometer Re-Alignment due to Floor Instability
During the long winter shutdown for roof repairs, the very large
horizontal two-theta spectrometer arm was re-aligned by
Huber/Oelze. The experimental hall floor, which includes a thick
(30 cm) layer of gravel to help distribute loads, is apparently not
entirely stable under large weights. Thus, with time, the granite
has been shifting. Some settling after the initial installation was
expected, and was found and corrected, but subsequent motion
was not expected. However, beginning late in the fall of 2004
some indications of mis-alignment became clear, and by
December the two-theta arm was moving poorly on its airpads.
Upon detailed inspection by the manufacturer, the cause was
determined to be about a 0.5 mm shift downwards of one corner
of one of the granite plates (about a 3 ton plate) on the smaller,
6m, radius. This was corrected, and we are now regularly

monitoring the granite alignment.

5-5 Progress toward quartz analyzers.

We was also done toward investigating quartz as a optical
material for analyzers (or monochromators). This is interesting in
the longer term to allow backscattering operation at more
energies, or better resolution at lower energies.  Quartz, having
much lower symmetry than silicon, has many more back
reflections, some of them rather weak, so with rather good energy
resolution. Investigations showed that ~4 meV resolution was
possible, and at the level of ~10 meV was even possible over
macroscopic (cm size) dimensions. Given that these crystals were
not so carefully selected, we are optimistic about making further

progress with more careful selection.

5-6 Smaller upgrades.

In the course of the year, there were the usual collection of little
upgrades to the beamline. Several analyzers were replaced after new
ones with better performance were delivered from NEC. Different
backscattering crystals were tested and it was found possible to
operate with a more relaxed (10 degree, instead of 2.5 degree)
grazing angle onto the backscattering crystal. This was the result
of the optics change in FY2003. One channel of the IXS detector
that had become noisy was replaced. The main beamline control
computers were upgraded from the rather old 500 MHz machines
with 8 GB disk space to newer 2.5 GHZ machines with more
adequate storage space. Operating systems were also updated,
and a new server machine installed allowing backups to be carried

out more easily.

References
00 10 M. Inui, S. Hosokawa, K. Matsuda, S. Tsutsui and A.Q.R.

Baron : submitted for publication.

020 A.Q.R. Baron, T. Fukuda, J.P Sutter, H. Uchiyama, T. Masui
and S. Tajima et al : unpublished.

Alfred Q. R. BARON
Satoshi TSUTSUI
John SUTTER
Daisuke ISHIKAWA
Daigo MIWA

1820





