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8. EFF/FAF+3I 9y TRE—-LT A >/ Quantum
NanoDynamics Beamline (BL43LXU)
Commissioning of BL43LXU"" continued through 2017,
but the bulk of the time was for user experiments,
including some installation of new equipment (see
below). The present report will, as usual, emphasize
both the changes and the problems at the beamline, in
an effort both to provide a record of progress and to
provide useful information to others working to develop

SR instrumentation.

Work at the experimental stations has largely been done
by members of the Materials Dynamics Laboratory,
with assistance on some projects by members of
JASRI, and RIKEN, and, occasionally, members of

the RIKEN beamline support group. Help from part
timers included some for more general beamline tasks
(Shibutani, Hattori) , some work on technical drawings
(Taguchi), and some support for software (Nishimura),
though the software person left SPring-8 unexpectedly,
unfortunately before the break-even point of output
relative to training invested. BL43 also began to
have help from full-time members of the engineering
team (Nagare, Umezawa) on specific tasks including
standard start-up of the LN, cooling for the mirror
and mono, and, sometimes, beam size measurement
and setup of sample refrigerators. This is an ongoing
process, and the break-even point (time saved for BL
scientists greater than time invested in training) may

be soon for simpler tasks.

The upstream BL components (electron orbit, IDs,
mirrors) were stable during 2017. The orbit-correction
protocol worked out the previous year operated
smoothly, and there were no issues with the IDs, and
no repeat of the previous years beam-steering accident
where an ID cover was damaged. The high-heat-
load mirror (M1) operated without changes - and was

reasonably stable when used.

Beam Position Monitoring: Two diamond quadrant
transmission beam position monitors (DQBPMs) were
installed in the beamline. One was put just upstream
of the high-resolution (HR) spectrometer sample
position. After that one performed well, a second one
was installed just in front of the medium resolution
monochromator (MRM). The sensors were both
RIGI4-M's from Dectris (3 x 9 mm?® aperture with four
15 X 45 mm® quadrants) followed by at TetrAMM
4-channel picoammeter (CAENels) mounted on an xz
stage (the chamber/stage combination was designed
in collaboration with Kohzu based on a CF114 cross).
The DQBPM for the HR spectrometer performed
nicely, even at currents down to ~50 pA/channel (~1
GHz flux at 25.7 keV), with position noise less than 2
um for a beam size of ~300 um. The DQBPM before
the MRM, however, was not stable in the high power
monochromatic beam (roughly 5 X 10**/s/mm?* at 21.7
keV) - it had a burn-in period of several weeks, during
which the output over the beam spot dropped roughly
a factor of two (figurell), before mostly stabilizing.

As a practical matter, this BPM will mostly be used to
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Figure10 XZ stage for the diamond quadrant BPM on CF114
beam pipe just upstream of the high-resolution
spectrometer sample position

measure small (~10 micron) beam displacements so
it remains useful. However, the burn-in issue is worth

noting for others.

The DQBPM for the HR spectrometer is used to
stabilize the beam position at the sample to an
estimated ~1 um for a 5 um beam size after the KB.
Note: the temperature of the support was carefully
monitored and found to be sufficiently stable, unless
either the hutch door was opened for a longer period of
time, or new equipment was placed in the hutch. The
second DQBPM will be used to stabilize the energy
zero of the MRM in the face of angular drifts of the
mirrors and high-heat-load monochromator. (Baron &
Ishikawa)

Sub-meV resolution: Building on previous tests,
commissioning of the sub-meV setup using the Si (13
13 13) reflection at 25.7 keV continued. This included
new offset crystals, and substantial fine-tuning of
the optical performance for stability. Notably, the
thermal heat load of the beam from the high-heat-load

SPring-8 DHEIX & SEE

Figure11 Scans of the RIGI through a small (~0.05 X 0.05
mm?®) beam after a burn-in period. The plot shows
total current in pA vs x-position (mm) for several
different z's (see text). The radiation damage is
evident. See text.

monochromator on the stability of the offset crystals

was a significant issue. World-leading resolution of

0.81 to 0.86 meV for a user instrument was obtained

in useful operating conditions and, if the beam was

attenuated, 0.76 meV was possible, consistent with™.

Several samples were measured including user

experiments. A new method of reducing the power

onto the backscattering crystal to obtain better than 0.8

meV resolution with higher rates is now in progress -

this will also be applied to, we expect, achieve 1.3 meV
at the (11 11 11) without attenuation. (Ishikawa &

Baron)

9. A graded-multilayer KB setup

~5 um Micro-focus
was installed which successfully achieved a 44 X 4.1
um® beam size at 17.79 keV at the sample position
of the HR spectrometer with a throughput of ~60%
(>75% peak reflectivity on each multilayer) and a
d-spacing for the coating as small as 22 Angstroms.
The setup time for this is significant (2+ days) as it
requires removing the cylindrical mirror usually used,
and a realignment of much of the beamline (including
manual translation of several transport channel
components). The new KB setup did greatly facilitate
experiments in extreme conditions in DACs, reducing
background from gaskets, allowing the x-ray beam to
easily fit within the laser heated spot, and allowing
a new, through-gasket, geometry to improve rates.
It was greeted with great enthusiasm by the DAC
community working at BL43. (Baron & Ishikawa).
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Figure12 KB Mirror Performance. The top panels give the measured reflectivity of each mirror as a function of position and
grazing angle when the mirror is scanned through a small beam. The main Bragg peak at 14 mrad and the usual
subsidiary maxima are easily visible. The lower panels show the beam profiles measured using a wire scan with the
calculated derivative and a pseudo-Voigt fit. The numbers give the FWHM from the fit.

Collimation & Masks!"®: Several new types of collimation

(Soller slits & related) were installed downstream
sample for high-resolution spectrometer and shown, e.g.
to significantly reduce the scattering from the diamonds
of a DAC cell'”. (Baron, Ishikawa, Fukui & Nakajima,
submitted). In addition, masks were designed for the
sub-meV setup to allow improved count-rates with
good momentum transfer resolution at low Q. These
allowed clean data to be collected at momentum
transfers as low as 0.5 nm ™' at 25.7 keV with sub-meV

resolution. (Ishikawa & Baron).

Medium-Resolution Analyzer Crystals: Two good
analyzer crystals were used (=25 and 27 meV
resolution) and showing reasonable count-rates™.
One notes that the best published data on electronic
excitations before™ had >50 meV resolution, and
similar rates with a much larger solid angle, so
BL43LXU is doing well. The glue failed on one of the
earlier poorer analyzers, but we have already moved
beyond that design. First tests were done with a
combined T-gradient/dispersion-compensated setup

which was found to improve resolution from 260 meV

to better than 60 meV (this is at larger detector offsets
than the 25 meV resolution). Three more analyzers
are now In progress and should be installed early in
2018. (Ishikawa & Baron)

High-Resolution Spectrometer: This operated
reasonably over most of the year, excepting issues
with the granite alignment/floor stability. Early in
2017, the granite was re-aligned by Huber/Oelze but,
then, after that, the alignment drifted again, unusually
quickly, forcing additional work in the summer. The
performance has been mostly reasonable since then.
The fluctuation of the granite stability (some years
very stable, but occasionally not) leads one to wonder
if the problems could be related to floor motion due
to ground-water changes in the gravel layer under
the concrete. Two other issues noted with the
spectrometer include slowing of the response of one
air sensor, and slight (few micron) motion of the
sample associated with the two-theta arm motion. The

responsible company, Huber, has been contacted.
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Figure13 Left: Soller screen mounted near the DAC. Right: Spectra measured from a sample of Re metal at “180 GPa pressure
with and without the Soller screen. The reduction of the background from diamond and the improved contrast for the
Re LA signal at 24 meV is clear. Data from lkuta, et al, in preparation.

High Resolution Analyzer Crystals: Three new
analyzer crystals were delivered. The performance
was acceptable (~15 meV resolution) but not as good

the best ones received.
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