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Fig. 1 (Color online) Schematic of the resonant inelastic x-ray
scattering (RIXS) process. X-ray photons tuned to a chemi-
cal absorption edge (2p—4d transition for the Ru L; edge) ex-
cite core electrons to the valence state. The excited system
then undergoes radiative decay, thereby filling the core holes
and emitting x-ray photons. As a result, the energy and
momentum difference between the incoming and outgoing
photons is transferred to the valence state, which creates
elementary excitations.
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Fig. 2 (Color online) (a) Optical layout of the IRIXS instrument
at the PO1 Beamline. The positions of the beamline compo-
nents with respect to the center of the undulators are indicat-
ed. (b) Drawing of a section of the IRIXS instrument, in-
cluding the KB mirror, sample chamber and spectrometer.
(¢) Schematic of the spectrometer specifying the position of
the sample, analyzer, and detector.
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Fig. 3 (Color online) (a) Crystal structure and G-type antifer-
romagnetic order of SrRu,04. The RuOg clusters are shown
as grey octahedra. The local magnetic moments of Ru ions
point along the c-axis. (b) Photograph of a SrRu,Oq single
crystal. It has a clear hexagonal shape with a diameter of
~50 um.
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Fig. 4 (Color online) (a), (b) Ru L3 IRIXS spectra of SrRu,O

along the (—H, 0) and (—H, —H) directions (in reciprocal
lattice units) taken at 10 K, well below the Néel temperature.
The magnon peak positions determinied by spectral fitting
are shown as blue circles. The green triangles indicate the
peak positions of ionic spin-state transitions. (¢) Magnon
dispersion as a function of in-plane momentum. The dotted
line shows the results of a fit of the magnon dispersion to the
spin-wave theory defined in eq. (1).
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Spin waves in a ruthenate high-temperature
antiferromagnet revealed by resonant inelastic
X-ray scattering in the tender x-ray regime
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Abstract Recent progress in the development of Resonant inelastic x—ray scattering (RIXS) instrumenta-
tion in the soft and hard x-ray regimes has enabled comprehensive studies of magnetic com-
pounds with 3d and 5d valence electrons, respectively. However, a RIXS instrument with
coverage of the L—absorption edges of 4d transition metal compounds was not available, since
these edges lie in the tender x—ray regime (2-5 keV), where suitable x—ray optics had not been de-
veloped. We have recently constructed the “‘intermediate-energy’’ RIXS (IRIXS) spectrometer at
the dynamics Beamline PO1 at PETRA lll, which is equipped with a specifically designed x-ray
energy analyzer. By using the IRIXS instrument, we have successfully observed the single mag-
non dispersion of a high-temperature ruthenate antiferromagnet SrRu,04. The experiment demon-
strates the power of the IRIXS method as a novel probe of elementary excitations in a large class
of magnetic materials.
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