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5. BL35XU : High-Resolution Inelastic X-Ray Scattering
5-1 Introduction

In FY 2005 (April of 2005 - March of 2006) effort was
divided between administrative and technical work. On an
administrative front, there was the 5-year beamline review that
took place in the fall of 2005, and then a workshop/subgroup
meeting to discuss both science and the potential of a new
beamline in February of 2006. On a technical front, aside from
the usual work involved in running experiments, there have been
several incremental upgrades, including work on a new 10

section, silicon analyzer crystals and quartz analyzers.

5-2 5Year Review

The 5-year review took place in the fall of 2005, with the
review committe consisting of Y. Tokura (U. Tokyo), M. Arai
(JAEA), E. Masubara (Kyoto U.), N Wakabayashi (Keio U.) and
external reviewers G. Ruocco (U. Rome) and J. Tranquada
(BNL). The detailed review documents, including a technical
summary of most of the R&D at the beamline are available on
request. Most reviewer comments were favorable, and in
particular, the report endorsed building a new beamline for IXS at
SPring-8 using a long undulator source. Subsequent work [
suggests a very strong improvement in source intensity may be
possible by choosing a specialized short-period undulator at a
long (30m straight section). Figure 1 shows the relevant brilliance
curves, with the flux (more pertinent in IXS measurements)

scaling similarly. Improvements of ~X 10 to X 15 at lower
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Fig.1 Brilliance of BL35XU (blue), BL19LXU (green), and a

putative beamline with a 22m, 20mm period, undulator
(red) . Calculations using SPECTRA

energies (<22 keV) are possible.

5-3 Workshop/Subgroup meeting.

During FY2005, the subgroup meeting (taking place in
February of 2006) was combined with a workshop to discuss
some options with a new beamline, and phonons in correlated
materials. This workshop was partially supported by JASRI (as
well as the user office/subgroup) and was organized by A.
Baron, J. Mizuki and M. Takata. Here again there were
generally good comments and strong support towards a new
beamline. It was also noted that, in addition to interest in atomic
dynamics, there was significant interest in measurements of

electronic excitations.

5-4 New |0 Section

The optimized beam spot at BL35 using the bent cylindrical
mirror is about 50 um X 70 um (V X H, FWHM). However, for
many experiments, smaller, would be highly desirable. This
includes both experiments with very small samples (e.g. high
pressure work with samples in a diamond anvil cell (DAC)) and
also measurements at extreme grazing incidence. The grazing
incidence is interesting to achieve surface (ie. ~ 1nm) sensitivity

to investigate surface dynamics.

The original design of the BL35 IXS spectrometer placed the
final aperture and flux monitor on an arm mounted on the same
table as the sample. However, while being optically sound, it
was not flexible or sufficiently large to mount additional
focusing. Thus this setup was removed and an additional
platform was placed in the beam path to allow mounting of a KB
setup. The new setup is shown in figure 2. It has a long manual
vertical adjustment, several slit mounts with independent motion
and a large stage for the placement of the KB mirrors. First
calculations suggest a KB setup should allow us to achieve a

spot size of ~ 5 X 12 microns.
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Fig.2 New I0 Section including manual vertical translation and
mounts for the KB setup and two slits (one in front and
one behind)

5-5 Restored Analyzer Quality

Analyzer crystals are crucial components of the spectrometer.
With the use of the 12-analyzer array, it is desirable to have 12
analyzers of good quality. In fact, with the subtleties of the
fabrication of these crystals, the analyzer quality had peaked at
BL35 about 3 years ago, and then despite nominally identical
processes, NEC had not achieved the same level of quality for a

couple years, with the delivered crystals have either slightly
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poorer resolution or reflectivity than previous ones. Finally,
forcing an increased etch time, and a slightly relaxed pitch for the
cutting, has allowed NEC to recover the quality systematically,
with the most recent three crystals all performing nearly at peak

levels.

5-6 Progress toward quartz analyzers.

Continued work was done to investigate the possibility of using
quartz as an analyzer crystal. While previous work showed good
(4 meV) resolution was possible over small areas, there remained
the question the uniformity of high quality crystals. To this end
we carried out high-resolution measurements and topography over
several wafers of ~ 40 mm diameter (2!, Typical results are shown
in figure 3. Areas ~ 1 cm? showed an over-all energy resolution ~
29 meV (including 2 meV incident bandwdith) and integrating
over an entire 40 mm diameter wafer showed a resolution of about
4 meV. This suggests that presently available quartz should allow
resolutions ~ 4 meV with useful size analyzers, and one can hope
that by careful selection or screening of crystals, better may be

possible.
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Fig.3 Resolution and topograms from a 4cm diameter quartz wafer using a 2meV incident beam that was 8x8mm? in areal?l. The
FWHM of the response integrated over the 10cm? area is 4 meV. Note that there remain tails in the response relative to the

theory estimate (solid line).
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