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Abstract

We discuss recent advances in instrumentation for high resolution inelastic x-ray scattering and nuclear resonant
scattering of synchrotron radiation at BL35XU. Notable points are demonstration of the backscattering monochromator
performance over long scan ranges, significant improvements in analyzer crystal perfection and a setup for nuclear
scattering from the 25.6 keV resonance of

161Dy.

The last includes a new compact optical design yielding 2x108

photons/sec into a 0.52 meV bandwidth at 25.6 keV and a detector with ~200 ps time resolution and ~20% efficiency
at 25.6 keV.

(~mK) temperature control and measurement system, at

1. Introduction.
BL35XU of SPring-8 is dedicated to the study of

least over short scan ranges. Over longer ranges, we

sample dynamics using inelastic x-ray scattering (IXS)

performed a calibration of the backscattering crystal

and nuclear resonant scattering (NRS) of synchrotron

temperature against the angle of a high order reflection in

radiation.

Here we discuss recent developments in

silicon, as shown in Figure 1. The measured data

instrumentation for these applications. For a more

reproduces the expected result for thermal expansion in

general introduction to the beamline design, details about
the beamline construction, and additional information
20

about the relevant techniques, we refer the reader to

500

Principle components of the setup for inelastic x-ray
scattering include the backscattering monochromator, the
analyzer crystals, and the spectrometer mechanics (with
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2. Instrumentation for Inelastic Scattering.

∆E/E (ppm)

previous publications

∆E/E α 2.59 ∆T

[1][2].

3 and 10 m arms). With the spectrometer installation
only very recently (nearly) completed, work has focussed
on the monochromator and analyzer crystals. Tests of
the monochromator were made in a two-crystal
backscattering setup, where the temperature of one
crystal was scanned while that of the other was fixed.
[2],
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Fig. 1 Energy shift (as measured using the Bragg angle of a Si (18

2.4, 1.2 and 0.6 meV using

12 6) reflection) versus the temperature of a (13 13 13)

the (9 9 9), (11 11 11) and (13 13 13) reflections of

backscattering crystal. Solid line is a linear fit. Scan range was

silicon, respectively, serves to confirm operation of our

from 21.04 to 36.41 C.

The resolution obtained
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silicon to about 2%. This confirms operation our
monochromator over long scan ranges. While finetuning for experimental work will certainly be needed,
the results here are an excellent first step.
The analyzer crystals are perhaps the single most
difficult component of the IXS setup.

They must be

perfect (variations in lattice spacing, ∆d/d, <~2x10-8) and
must be spherically curved to accept a large solid angle.
The required level of perfection means that it is not
possible to simply bend a silicon wafer as the strain
introduced by bending is too large. Thus we have
adopted a method where many small perfect
"crystallites" (each ~0.6x0.6x2.9 mm3 ) are attached to a
well polished substrate of appropriate curvature (see Fig.
2), similar to

[3] .

Fig. 2 Photograph of one analyzer crystal -10 cm diameter.

One notable departure from the

previous work, however, is the use of a high temperature
metal diffusion bond to attach the crystallites to the
substrate, instead of epoxy.
The important parameters for the analyzer crystal are
the strain of the crystallites and their slope error. The
strain was investigated in crystallites bonded to flat
substrates

[2]

and it was shown that sufficient etching

could make the response of a bonded crystallite the same
as that of a flat perfect crystal. Notably, it was also
shown that the etch could be applied either before or
after the bond with nearly identical results. The slope
error, or how exactly the orientation of the bonded
crystal planes conforms to that of the substrate, has been
investigated using an x-ray generator

[4]:

rocking curves

of many single crystallites were measured and their
center was compared with that expected for an ideal
sample. Recently the 9.8m radii samples (intended for
the highest resolution IXS measurements) show rms.

-50

deviations from the ideal shape of 20 to 30 µrad (Fig. 3).
While reduction to the ~<10 µrad level is really desirable
for sub-meV resolution, this is already rather good.
3. Instrumentation for Nuclear Resonant Scattering.
The late delivery of the spectrometer has provided
some opportunity to work on nuclear resonant scattering.
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0
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Fig. 3 Slope error for crystallites bonded to 9.8 radius spherical
substrate. See text.

chose to begin work on a different isotope: the 25.65 keV
resonance of

161 Dy.

The nuclear resonance in this

transition metal has a relatively convenient (40 ns)

resonance is

lifetime, reasonable (19%) natural abundance and a large

relatively commonplace and can be done at several other

cross-section (low internal conversion) making it an

beamlines at SPring-8 and throughout the world, we

excellent candidate for nuclear resonant scattering

Where-as work with the 14.4 keV

57 Fe
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experiments using synchrotron radiation. The higher

performing less well) showed slightly reduced

energy of the resonant transition also means that it is

performance, with peak throughput of ~1.5 x 10 8 and

well suited to SPring-8, where the electron beam energy

slightly (10-20%) larger bandwidth. Fig. 5. shows the

is high. However, significant, and largely original work

spectrum of inelastic nuclear absorption from an

is needed for the instrumentation, both for the high

enriched sample of Dy2 O3 . The good resolution of the

resolution monochromator and for the detector.

peaks in the scattering, and the fast fall-off the tails of
the monochromator response (essentially gone by ~2

The optics design is challenging because the available

meV from the peak) confirm its good response. In

high order reflections in silicon, either the (15 15 7) or

addition, the left and right-hand sides of the spectra

the (18 12 6) are awkward to work with. The tiny, 0.13

(corresponding to phonon annihilation and creation,

µrad, angular acceptance of the (15 15 7) provides severe

respectively) obey, exactly, detailed balance, confirming

constraints on the crystal perfection, while the 87.4

the quality of the data at a fairly high level.

degree Bragg angle of the (18 12 6) means the angular
acceptance is bigger (0.48 µrad) but also makes

Nuclear forward scattering (NFS) with dysprosium

conventional designs physically very large, and therefore

provides a special challenge for detector development.

susceptible to thermal drifts, crystal, imperfections, etc.

Hyperfine splittings at the Dy nucleus may reach the

[5]

and

level of 10 GHz, so that beat frequencies in the nuclear

was made, as is

forward scattering can have periods ~ 100 ps. Therefore

shown in Fig. 4. Here a low order "coupling" crystal is

a detector with extremely good time resolution is

used inside of the high order channel cut crystal. By

desirable. However, due to the small bandwidth of the

allowing the beam to transmit through the coupling

resonance (~16 neV), signal rates are generally low, so

crystal, an extremely compact design is possible. This

an efficient detector is also required. This poses severe

monochromator, used in the last cycles of 2000B,

problems for the use of standard silicon APDs at normal

provided extremely good results, with a peak throughput

incidence, where a thicker (more efficient) device results

Thus, building on the work of Ishikawa et al.
Yabashi and Ishikawa

2x108

[6],

a new design

[7]

photons/second in a bandwidth of 0.52 meV.

in a poorer time resolution (this is due to the saturation of

Use later (when the high heat load monochromator was

the electron drift velocity in silicon). Thus the x-ray

of

Backscattering
Channel Cut Crystal

7000

T
Counts (arb. units)

Coupling
Crystal
H

Inelastic Nuclear
Scattering from
161
Dy2O3

6000

T

Fig. 4 New compact monochromator design for Bragg reflections
near backscattering. Red arrows show beam direction, T and H
indicate thermistors and a heater used for precise (~ 1mK)
temperature measurement and control. See text.
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Fig. 5 Inelastic nuclear absorption from phonons in 161 Dy2 O3 .
See text.
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detector with the best available (~100 ps) resolution

[8]

4. Summary.

would have an efficiency of only ~0.5% at 25.6 keV. In

The commissioning of BL35XU has begun in earnest,

order to combat this problem, we performed first tests of

with instrumentation development for both IXS and

an array device in a grazing incidence geometry (see Fig.

NRS. With the recent (near) completion of the

2

6a). Using sixteen channels (each 1x2.5 mm ) on a 1.1

spectrometer mechanics, commissioning of the IXS setup

mm pitch, we have succeeded in generating a device

will begin during in 2001A, on a base of instrumentation

having ~20% efficiency at 25.6 keV over a spot size of

that has been tested and developed both on and off line.

2 [9]

. The individual elements have a time

While all eventualities can not be anticipated, it is

resolution of ~160 ps while, for all channels, operating

expected that the beamline will be open for user

together, the resolution was ~200 ps. The time response

proposals in the fall of 2001. The user community is

for nuclear forward scattering from a Dy foil is shown in

urged to contact beamline personnel to discuss

Fig. 6b and demonstrates the performance of the

experiments before (or concurrently with) proposal

detector.

submission.

0.75x2.5 mm
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Fig. 6 (a) Photo of the 16 channel array detector (and amplifiers).
Arrow shows window and approximate beam direction. (b)
Nuclear forward scattering from a Dy foil measured with this
detector. The inset shows a 5 ns range on a linear scale.
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