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Introduction

For inelastic x-ray scattering experiments, where the energy and
momentum transfer to the sample has to be measured, spherical
focusing backscattering analyzers [1-2] present the common
solution. However, in resonant inelastic x-ray scattering
experiments or in measurements requiring flexible energy
resolution or high momentum resolution, the performance of a
single-reflection analyzer is usually poor. To overcome these
limitations we suggest the use of a double flat-crystal
arrangement, which has been developed for monochromatization
in nuclear resonant scattering experiments [3]. Main feature of
this optic is the dispersive setting of the two strongly
asymmetrically cut crystals in order to optimize the angular
acceptance, energy resolution and throughput.

Method and Experiment

The energy, E of the x-rays transmitted by a double flat crystal
analyzer shows a correlation with its direction, α and position, x
(see Fig. 1). This is described by αα cos)( 0EE = and

1)( 22
0 += lxExE , where E0 is the energy of the x-ray

reflected in the central scattering plane and l is the source-to-
detector distance [4]. This feature allows one to collect energy
spectra for a range of energy transfers simultaneously.
An analyzer working at 8979 eV, the Cu K edge consisting of
Si(111) crystals with asymmetry factors 60 and 1/60 was built to
show the feasibility of such measurements. The experiment was
performed at beamline 3-ID of the Advanced Photon Source.

Results

Measurements verified the expected dispersion properties of the
analyzer. The energy resolution is in the 120-200 meV range, the
momentum resolution is 0.003 Å-1 and the total angular
acceptance is approximately 10 mrad2. Due to double reflection
of the x-rays this optic possesses better energy selectivity than a
single reflection spherical analyzer.

As an example, we show inelastic scattering data from
polycrystalline beryllium (Fig. 2). The broad peak at 21.5 eV
energy transfer results from plasmon excitations. The momentum
transfer was 1.18 Å-1, corresponding to 90% of the cutoff
wavevector. This measurement demonstrates the good energy
resolution and large accessible energy range of this analyzer.

Discussion

We showed that a double flat crystal analyzer is suitable for
inelastic x-ray scattering experiments. The optic should be used
along with a position sensitive detector to fully exploit its
transmission properties. The gain compared to a single detector
mode can be 10-50 depending mainly on the energy range
covered by the analyzer. Comparative results show that a double
flat crystal analyzer can be an alternative to a conventional
spherical backscattering analyzer in anomalous or resonant
inelastic x-ray scattering experiments or when high energy and
momentum resolution is required.
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Figure 1. Schematic design of the double flat crystal
analyzer.

Figure 2. Inelastic x-ray scattering data from polycrystalline
beryllium.
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