X-ray resonant Raman scattering at the Kr K-edge
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Introduction crystal scans along the Rowland circle. In the present
geometry, x-ray spectra were recorded by step scanning the

When an atomic inner-shell vacancy is produced by particle first crystal with the second crystal fixed. This varied the

impact or photoionization far above threshold, the resulting Bragg angle defined by the two-crystal system at half the

x-ray fluorescence spectrum (XFS) has characteristic angular speed as the included angle. A double-flat-crystal

energies, intensities, and line shapes. A two-step model, insystem was chosen for initial experiments to allow the

which the vacancy creation process and the radiative decay resolution to approach the theoretical limit for Si(111),

process are treated independently, is adequate to describe thsE/E = 1.41 x 10.

XFS. However, when vacancies are produced by

photoabsorption at energies near resonances or the ionizatidhe Kr Ka, , XFS excited 84 eV above the K-edge is shown

threshold, the XFS is modified and is sensitive to the precisa Figure 2. The two-step model is adequate at this

energy and bandwidth of the incident x-ray beam. In that  excitation energy, and we observe the characteristic

case, the vacancy excitation and decay steps are coupled arftlorescence spectrum. The measured peak widths of 5.3 eV

described as a one-step, resonant inelastic scattering procesgs dominated by the 4 eV natural width and indicates an

referred to as x-ray resonant Raman scattering (XRRS) [1]. instrumental resolution of 2.4 eV, which is 33% higher than

We have used an x-ray emission spectrometer on the the intrinsic resolution of Si(111) at this energy.

BESSRC-CAT undulator beamline (12-1D) to study XRRS

in the Kr Ko, , x-ray emission spectrum by tuning the

incident x-ray energy through the K-edge at 14326 eV.

204 R

X-ray emission spectrometer KrKa, , x-ray 7 Ka,

] ] o > 15 fluorescence %z“p [
A diagram of the x-ray spectrometer is shown in Figure 1. G I
The x-ray beam from the undulator beamline’s Si(111) 5 T’L
double-crystal monochromator passed through a gas cell = 1od df\ r
containing 1 atmosphere of Kr. lon chambers at the front 2 % Ka, I
and back of the Kr cell measured the incident and transmitted w s [
x-ray fluxes. The incident x-ray beam produces a line-like & 54 %5‘” e i
source of emitted x-rays in the Kr cell, and the spectrometer 7;} 2
was optimized for this geometry. A 5-10 mm line of % f %%%N
emitted x-rays was collimated with apertures, dispersed with 0 ‘ —
two flat Si(111) crystals oriented in high-resolution 12550 12600 12650 12700
dispersive geometry, and recorded by a Nal scintillation , X-ray energy (eV)
detector. Figure 2: Kr K, , fluorescence spectrum.
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Resonant Raman scattering

The Kr 1s— np,n=5, 6, 7, ... pre-edge Rydberg structure
is washed out by lifetime broadening in the K-edge
i absorption spectrum [2]. However, using the XRRS
process, high-resolution x-ray emission measurements can
d be sensitive to resonance and threshold structure at
= effectively higher resolution than absorption spectra [3].
XRRS-based measurements should be interpreted with some
caution because in principle, the final state cross sections are
sensitive to many-electron effects and intermediate-state
interference [1, 4]. Those complications will be ignored in
gas cell 1 this brief report. Figure 3 shows a set of KK x-ray
Figure 1: Diagram of x-ray emission spectrometer. emission spectra recorded at excitation energies across the K-
edge. Comparison with the characteristic fluorescence
spectrum in Figure 2 shows that asymmetric line shapes are

The crystals were oriented on precision translational and ~ observed below the edge. This effect results from energy

rotary stages under computer control to allow more complegonservation (i.e., there is insufficient energy to fully
experimental geometries in the future, including curved- develop the fluorescence peak) [5].

Nal detector
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Using Si(111) crystals, the bandwidths of the incident x-ray
beam € 4.7 eV) and of the emission spectromete? @

eV) were too large to resolve bound final states (e.g.,
[2p]5p, in the emission spectra of Figure 3).
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Figure 4: Comparison of Kr ¢ high-resolution
b fluorescence yield (dotted line) with the total
- photoabsorption cross section (thick solid line). The thin
—_ - solid line shows the expected’Easymptotic dependence on
M___/L‘—”-’ L_ x-ray energy of the Kr 1s photoionization cross section,
_,-*F"u normalized to the high-resolution fluorescence yield.

e N Structures in the absorption cross section due to [1s4p] and

== : [1s3d] multielectron excitations are indicated [2].

Figure 3: Variation of Kr I§, , x-ray emission across the K- Acknowledgments

edge.
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