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Fig. 1 (Color online) Schematic of the resonant inelastic x-ray scat-
tering (RIXS) process. X-ray photons tuned to a chemical
absorption edge excite 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) Schematic of elementary excitations in
the cuprate superconductors revealed by Cu L; RIXS. (b)
Schematic of Fermi surface and d-wave superconducting
order parameter in the cuprates. The arrows represent the in-
plane momentum transfers used in Ref. 13).
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Fig. 3 (Color online) (a), (b) Cu L;-edge RIXS spectra for Bi2212
and Bi2223, respectively, at g= (0.15, 0). Gaussian func-
tions representing the elastic lines are shown by dotted
curves. (c), (d) Difference spectra from the highest tempera-
ture. Smoothed data are represented by the solid lines and
the original difference spectra by the dotted lines. The differ-
ence spectra are evaluated after subtracting the elastic lines.
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Fig. 4 (Color online) (a) Crystal structure and G-type antifer-
romagnetic order of SrRu,O4. 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,Og single
crystal. It has a clear hexagonal shape with a diameter of
~50 um.
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Fig. 5 (Color online) (a), (b) Ru L; IRIXS spectra of SrRu,O¢

along the (-H, 0) and (-H, —H) directions (in reciprocal lat-
tice units) taken at 10 K, well below the Néel temperature.
The magnon peak positions determined by spectral fitting are
shown as blue circles. The green triangles indicate the peak
positions of ionic spin-state transitions. (¢) Magnon disper-
sion 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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