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Fig. 1

(Color online) Schematic diagram of soft x—ray emission spectroscopy. (left) Initial state. (Middle) Intermediate

state corresponding with the x-ray absorption. (Right) Final state of x-ray emission process.
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Fig. 2 (Color online) Ultrahigh resolution soft x-ray emission spectrometer HORNET at BLO7LSU in SPring-8. (a)
Picture of HORNET. (b) Measured focal spot of the incident beam at the sample position obtained for an exit slit
width of 40 um. (¢) Schematic diagram of optical system of the soft x-ray emission spectrometer.
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Fig. 3 (Color online) Achievement of the ultrahigh energy resolution in the soft x-ray emission spectrometer HORNET.
(a) Energy resolution of the spectrometer estimated by ray tracing using low- and high-energy gratings. The
dashed line is the resolution limit determined by the limit of spatial resolution of the CCD detector. (b),(c) Per-
formance of the spectrometer for N 1s edge of hBN and Mn 2p edge of MnO, respectively.
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(Color online) Mn L; RIXS of the (Ga, Mn) As thin film. (a) Mn L; XAS spectra. (b) Mn L; RIXS spectra. The

excitation energies are 639.6, 640.0, and 640.6 eV. The spectra of MnO are also shown as a reference. (¢) Com-
parison of experimental RIXS spectra with configuration-interaction cluster calculations for Mn2* and Mn3*

states.
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Fig. 5 (Color online) Origin of the ferromagnetism in (Ga, Mn)
As. (a) Zhang-Rice singlet-like bound magnetic polaron
around the doped Mn ion. (b) Schematic image of overlap
among the magnetic polarons in (Ga, Mn) As. (c) Valence-
band conduction model. (d) Mn 3d—derived impurity band

model.
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