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8. EF S/ A1+ vy 7XE—-LT A >/ Quantum
NanoDynamics Beamline (BL43LXU)

BL43LXU saw first light in the fall of 2011. In the
following, we describe the status and progress with some
specific items. Aside from projects done by external companies,
the in-house work has largely been done by members of the
Materials Dynamics Lab with assistance on some projects by
members of JASRI, and RIKEN, or, occasionally, members of
the RIKEN beamline support group. In an effort to preserve
some record of issues encountered, the following tends to
emphasize problems. In general, however, the beamline is
performing well, and, at the end of the 2012A run it was even

possible to spend a few weeks doing some first test experiments.

Insertion Device: Commissioning began with only one of
the expected three 5 m IDs. Performance was generally very
good, especially after a design error (that led to local heating
depending on gap and orbit) was corrected. The flux on the
sample is noticeably larger (~20 to 30%) than BL35XU.

Front End: Mostly very good, though we are not yet at full
power with only one of the three 5 m IDs installed. One

encoder (on the front-end slits) had to be replaced.

Mirrors (M1, M2, M3): The beamline has 3 mirrors, of
which the first, M1 is an LN, cooled long mirror (downward
reflecting, ~2.1 mrad grazing angle) to reject harmonics and
reduce the heat-load on the mono, and the second, M2,
(upward reflecting, 2.1 mrad grazing angle) is for returning the
beam to the horizontal and the third, M3, is a elliptically bent
cylinder for focusing the beam onto the sample. M1 and M2
were specified to have large horizontal travel ranges to allow
use of either bare silicon (for maximum harmonic rejection) or
a Pt covered strip.

However, the delivered benders had the wrong bellows, so
that the motion was not within spec. This was corrected, with
the finally achieved +27 mm motion almost within the + 30
mm specification. It was hoped that given the specified 0.3
microrad slope error on M1 and M2 that these mirrors could
be used to collimate or to focus the beam. The use of M1
and M2 together, however, increases the beam divergence
by ~10 micro-radians. This is now under investigation: M2
was measured and seems to be within the 0.3 urad spec.
Also, there was no evidence of vibrations of the beam
passing through M1 and M2, suggesting, that, at the micro-
radian level the care used to design M1 to avoid vibrations
(general design, and its large size - 100x 100x 1300 mm?)

was successful. What remains is to check the surface
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quality of M1 (now, the summer of 2012, in progress), and
to consider effects of mounting the indirect cooling blocks
onto this mirror. Note, the Cu blocks, pressed against the
mirror sides with In foil to promote heat conduction, had
adhered to the silicon and required a special jig for removal

(which was done successfully).

Liquid Nitrogen Cooling Systems: After some fine tuning,
the two systems (one for M1 with 7 refrigerators and one for
the mono with 4 refrigerators) seem to be mostly reliable.
One notes there is a steady loss of LN, from the systems that
requires some LN, be added form tanks on a regular basis
(about once every 6 to 8 weeks). Also, whereas one
refrigerator had initially been enough to keep M1 cold in the
absence of beam, by spring of 2012 two were required for this.
Possibly, this is due to slow degradation in the refrigerator

cooling power.

Vacuum Systems: M1 and M2 are both ion pumped to
avoid vibrations. Both of these systems seem to generally
run at slightly poor, but acceptable, pressures, ~10~ Pa.
However, one should note that the pressure of M1 increased
strongly as the flux was increased. Thus the M1 chamber will
require some additional baking and/or conditioning. Also,
possibly as a result of radiation damage, two controllers for

the turbo-pumps used as first-stage pumping for M1 died.

Radiation Shielding: Radiation surveys were finally fine.
There was a problem with some small leakage noted during
a test of one flight path when it was filled with air. This was

solved by increasing the shielding.

High Heat-Load Monochromator: The mechanics of this
setup, with two independent rotation stages, the first crystal
at fixed position along the beam (i.e. only the second crystal
translates for fixed exit), and with LN, cooling on only the
first crystal, seems to be quite good. The Si (333) harmonic
rocking curve at ~60 keV was generally good (~2.5 urad, up
to heat load) after re-mounting of the second crystal (the
first mounting was strained). Meanwhile, fast vibrations
seem to be only at the level of ~0.25 urad, rms, which is
quite good. However, all of the electronic encoders (theta
1, theta 2 and Y2), made by Renishaw, failed during the first
year and are being replaced during the summer shutdown.
This might be the effect of radiation damage, and therefore
radiation shielding is also being increased. Also, the angular
encoders, which were specified at 0.02" resolution, seem only

to be reliable at 0.08" resolution. This is under investigation.
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Offset Crystals: Two reflections (Si (111), (220) or (400),
depending on setting) are used to translate the beam
vertically by ~400 mm and to reduce the heat load onto the
backscattering crystal. These optics are mounted on a long
table upstream of the backscattering monochromator. This
table, as compared to BL35XU, initially seemed to be
somewhat unstable. However, over a ~1 to 2 week period
when the hutch is closed, these optics stabilize.
Performance has now improved due to adding thermal
shielding and to more care in keeping the hutch door closed.
Also notable is that one stage (a special design by Kohzu,
based on a previous design, but less robust) has the motor
relatively close to a mechanical support for the crystal - and
for this even small scans of the motor lead to temperature
changes in one weight bearing part. This is ok for occasional
scans (as is used in normal operation) but can lead to angular

drifts when many scans are done (alignment of new crystals).

Backscattering Monochromator: This generally seems to
perform reasonably, with desired resolution. However, the
thermal control is slightly sluggish. Some changes to the
control setup (using an SRS temperature controller) slightly
improved things, however, probably this is mostly due to the
large thermal mass of the monochromator, as compared to
BL35XU. This is a slight irritation for some setup issues,

but is survivable.

Spectrometer Mechanics: These, including the large
granite stages are now, after a lot of fine-tuning, performing
well. Specific issues included shape changes as the vacuum
flight path was evacuated, integration of the encoders, the
complex air interlock system for the airpads and brakes,
extremely poor two-theta motion until the motor was
replaced by a harmonic driver, installation of the cable trays
and analyzer cables, the lack of some gear reducers, changes
in design to some of the slits, proper installation of tilt
sensors. These issues are now either fixed or in progress.

Over-all, performance is now good.

Analyzer Array Mechanics: This includes both high-
resolutions stages (2 for each for 42 analyzer crystals) and a
slit assembly to control the analyzer acceptance. Both of
these performed generally poorly, with several of the
analyzer stages not reproducing or getting stuck, and with
the slit being both non-uniform and then not moving properly.
These are being repaired during summer shutdown. There
was one instance where a (vendor-installed) hose broke,

leading to flooding of the vacuum chamber. The design was
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then modified.

Analyzer Temperature Control: This system, with up to
84 channels of mK temperature control and ~200 temperature
sensors planned, was done entirely in-house to save money,
space, and because the system has somewhat unique
requirements. For the present setup, with 24 control channels
and ~100 sensor readouts it seems to perform very nicely,

after the usual debugging and on-line improvements.

Analyzer Crystals: These are probably the single most
difficult component to fabricate at the beamline. There are
presently 24 analyzer crystals installed of 42 possible. Of
these, 14 are cast-off crystals from BL35XU and 10 are new
crystals made specifically for BLA3LXU. However, the
company changed from the work at BL35XU to BL43LXU,
with the old company essentially downsizing, and the analyzer
crystal design changed. The analyzer fabrication process,
which took years to make work at the first company, is still
being improved with the successor, and there is a lot of work
needed However, with a lot of input from SPring-8, the
new company is improving the fabrication process. It
seems for the first batch of crystals from the new company,
the largest issue may have been strain that was introduced
by a nominally strain free polishing technique. This, along
with other fabrication steps, is being modified. Notably,
significant time at BL43LXU was also spent to investigate
the quality of raw silicon ingot material - it was seen that
whereas an early 6" ingot seemed to be of good quality (ie:
good resolution over most of the surface area), a second
ingot, delivered later, was not. We are now continuing with

4" material, which appears to be more reliable.

Analyzer Cross-Talk: Beam from one analyzer scattering
into a detector that is designed for a different (neighboring)
analyzer is called cross-talk. This results from the relative
closeness of the detectors for the different channels, and
from an imperfect analyzer focus. This is presently ~5%
which is large, and will be reduced by installation of a

collimator and by improvement of the analyzer crystals.

IXS Detectors: Lots of work was required to optimize the
IXS detectors which were initially noisy (~0.01/s dark rate
when installed). After several iterations that included
changing of cabling, and the amplifier electronics, and
improved shielding this has been improved to the level of
~0.002/sec (depending on channel), which begins to be

acceptable for the envisaged low-rate experiments.
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Software and Control: The control system is a SPEC user
interface talking to some equipment directly (ethernet or
USB) and controlling motors using the SPring-8 EM system
on VME crates. The low-level software, after some fine-
tuning, is working well, as is the SPEC interface. The SPEC
interface uses a set of up to ~10 interlocking spec programs
exchanging data using shared arrays. Three of these (one
for the high-heat-load components, one for all user controlled
motors and one for temperature scans) are directly user
accessible, while the remaining ones are designed mostly for
indirect use. Additional software is available for processing

the collected data.

To summarize, after many small changes and improvements
(mostly expected for an instrument of this size and complexity),
the beamline seems to be working reasonably well for some
classes of experiments. The poor analyzer performance, which
will certainly improve with time, is probably the largest problem,
while the lack of vibration for the monochromator is probably the
largest improvement (qualitatively) over BL35XU. Presently
the beamline is suitable for slightly lower resolution (2 to 7 meV
experiments). While the flux onto the sample is significantly
(20 to 30%) better than at BL35XU due to both a better ID and
better mono performance (higher cooling, lower vibration) the
over-all performance is hurt by the analyzer crystal quality -
improving this is the highest priority. The completion of the full
15 m ID, planned for the fall of 2012 will also be very much
welcome.

(Alfred Q. R. Baron,)
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