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(c) magnetic circuit
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supporting
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Fig. 1 (Color online) (a) Schematic representation and (b) photographs of the magnetic circuit. The magnetic circuit is
composed of Nd—Fe-B magnets, a horseshoe-shaped yoke and truncated cones made of Fe, and brass supports.
The magnets are fixed by a screw with a through-hole for the X-ray beam. (c) Photograph of the complete magnet

system.
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(b) “ q wire for drain current
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i E—

Fig. 2 (Color online) Schematic representation and photographs of the experimental setup and the dedicated sample
transfer system. (a) Experimental configuration of RIXS-MCD at the HORNET end-station in SPring-8
BLO7LSU when the angle of the magnetic field is set at 45° to the incident X-ray. (b) Sample stage fixed to a
cryostat with a mounted sample. (c) Cross-sectional views of the experimental configurations of RIXS-MCD on
the scattering plane. The black (red) and blue arrows indicate the incident and scattered X-rays, respectively. The
colored quadrants represent the clearance angle for the incident and/or scattered X-rays. The 9 mm-diameter dot-
ted circle around the sample stage indicates the area required for rotating the sample stage with a mounted sam-
ple. (d) Catching device for the transfer of the sample mounted at the end of a transfer rod.

BT Nov. 2018 Vol.31 No.6 © 355



FETHREST DO, WS TR OB R
TER % BB IS HR T DLERD 5720, WER2ICRE R
THb, £/, WHEAEPTDMIDOAREH WS L
1372 <, DMI X & EAIRIC R 7 8% OSSR I E A
DHEICHET A7, FBRIICH D; 5 i+ 5 2 IR
WTH D, Dy wdli ¢ 5720 OFEIIBMAICER SN
TV B A920 0 =i 72 51213 DMI I A B RiEL
B, BIRICBG 5 EAEE L5,
BTRESCHME LTS XEHEFik L L Tid XAS-
MCD % XAS O SARE —fa (XAS-MLD) 28K H15
NTwb, XAS-MCD id, &kt L THRE— AV F»
GAET 5 ENPIBICHLETH Y, AN EICD
AWMPATRETH B, —J7, XAS-MLD 13, @& TIIHES
T AV P ERCR O RGRREMEARIC D BT E S0, EIC
BHALH B A1EH A 52 DR TH 52122, ZDl=h
XAS-MCD, XAS-MLD Tit a-Fe,03 OF550R4ME, DMI
DRI & 7 AEICE T 2GR A T & v, —J7, RIXS-
MCD Thix, i~ D ddheic 351 % RIXS-MCD #
HIEFTEET, orFe)O5 DFFEMEME % L 9 5 d Wl & F5iE
TEBHIEPPFEIND, £2T, Fxld, a-FeO;
(111) B s b o Fe L (2p—3d hie) XAS-MCD &
RIXS-MCD Wi # Ml L, BEMBEER» & H— M
S EIAZEIC L BN D, aFe,05 DF5RRM: & Shikd ¢
LETIRRE, dBEDORELTT - 72,

a—Fe,03 (111) B #% ¥ © Fe L i XAS & U RIXS (1,

O Fe
Q0

T>TM

Fig. 3 (Color online) (a) and (b) Crystal and magnetic structures
of a—Fe,05 with rhombohedral unit cell. Blue (black) arrows
on the Fe atoms indicate the direction of the magnetic mo-
ment (a) below and (b) above the Morin temperature, Ty~
250K. (c) Projection of the crystal structure of o—Fe,O;
onto the (111) plane. Blue (black) arrows in (c) schemati-
cally denote canted magnetic moments in the weak fer-
romagnetic phase. The canting angle is ~0.065°. The <112)
and <{110) directions on the (111) plane are indicated. The
figures were created using VESTA2Y,
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Fig. 4 (Color online) Experimental configuration and Fe L, ;—edge
XAS and RIXS results of o—Fe,O; single crystal. (a)
Schematic representations of the experimental configuration
for the present XAS— and RIXS-MCD measurements. The
incident angle from the sample surface was 10°. Arrows on
the sample represent the directions of the canted magnetic
moments on the (111) plane. (b) Fe L,;-edge XAS and
XAS-MCD spectra of a—Fe,03; measured in IPFY-mode in a
magnetic field of ~0.25 T. (c¢) Excitation energy dependence
of RIXS spectra measured by n-polarized X-rays without a
magnetic field. Numbers labeled on RIXS spectra cor-
respond to the excitation energies shown in (b).
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Fig. 5 (Color online) Comparison of the experimental and calcu-
lated XAS and RIXS-MCD spectra of a—Fe,0;. (a) Ex-
perimental and calculated Fe L,s;—edge XAS spectra. The
transition energy in the calculated XAS is shifted by -14 eV
to align the main peaks of the L; edge with the experimental
ones. (b) and (c) Experimental RIXS-MCD spectra in the
configurations of k;,|[{112)> and k;,|[<110). (d) Calculated
RIXS-MCD spectra in the configuration of k;,|[<110>. The
energy loss in the calculation is shifted by -1.35eV. To
clearly see the RIXS-MCD, RIXS spectra (/" and V) are
multiplied by the factor indicated on each spectra, and the
difference spectra (I ''=I''V) are further multiplied by a fac-
tor of 2 and 5 for the experimental and calculated spectra,
respectively. Numbers labeled on the RIXS spectra indicate
the excitation energies shown in (a).
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Table 1 Results of the configuration analysis for many-electron
wave functions at the L; edge. The values represent the per-
centages of the electronic configurations in each state.
Nos. 3’, 5", and 7’ for the intermediate states correspond to
the photon energies shown in Fig. 5(a). A’ and B’ for the

final states indicate the RIXS peaks labeled in Fig. 5(d).

Configuration

Percentage

Initial state

(2p)e(ty)(e)?  95%

(2p)6(3d)SL 4%
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(2p)35(ty,)5(e)t  30%
[m2] (2p)3(1y)*(e)>  44%
(2p)3 ()3 (ey)? 2%
(2p)35(t)(ex)' L 0%
(2p)3(ty)3(ex)?L  11%
(2p)3(te)*(eg)3L  12%
(2p)3(ty)3 (el 1%

Final state A’
[f1] (2p)S(1)5(e)® 1%
[f2+13] (2p)S(1)* () 91%

(2p) 6 (1) (eg)? 2%
(2p) 6 (1) (eg)? 1%
(2p)¢(3d)°L 4%

No. 5 No.7
6% 0%
14% 2%
6% 3%
0% 5%
38% 34%
32% 46%
4% 10%
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Fig. 6 (Color online) Possible transition channels for the L;—edge RIXS of o—Fe,0;. (a) Possible electronic spin con-
figurations for the initial, intermediate, and final states at the L5 edge. States m1, m2, and m3 stand for the inter-
mediate states of the 2p33d¢ configurations, and states f1, f2, and f3 for the three different final states of the 3d°
configurations in Table 1. (b) and (c) Schematic representation of the transition intensities for each channel in
RIXS peaks A’ and B’ at three excitation energies (Nos. 3", 5, and 7°). The widths of the arrows indicate the
transition intensities for each channel and can be directly compared with each other. The black arrows labeled by
the Roman numerals correspond to the decay channels in (a). (d) Experimental and calculated Fe L;—edge XAS

spectra.
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dichroism in resonant inelastic X-ray scattering

Jun MIYAWAKI Institute for Solid State Physics, The University of Tokyo, Kashiwanoha,
Kashiwa, Chiba 277-8581, Japan
Shigemasa SUGA Institute of Scientific and Industrial Research, Osaka University, Ibaraki, Osaka

567-0047, Japan
Julich Research Center PGI-6, Jilich, Germany

Hidenori FUJIWARA Graduate School of Engineering Science, Osaka University, Ibaraki, Osaka 560—
8531, Japan

Hidekazu IKENO Department of Materials Science, Graduate School of Engineering, Osaka
Prefecture University, Gakuen-cho, Naka-ku, Sakai, Osaka 599-8570, Japan
Precursory Research for Embryonic Science and Technology (PRESTO), Japan
Science and Technology Agency (JST), 4-1-8 Honcho Kawaguchi, Saitama
332-0012, Japan

Yoshihisa HARADA Institute for Solid State Physics, The University of Tokyo, Kashiwanoha,
Kashiwa, Chiba 277-8581, Japan

Abstract Resonant inelastic x-ray scattering (RIXS) is photon-in/photon-out technique and can measure
electronic structure even in electric and/or magnetic field. Thanks to the drastic improvement of
the energy resolution in RIXS over the past ten years or so, RIXS can now allow us to easily study
not only fluorescent spectra but also dd excitations. Thus, in order to measure magnetic circular
dichroism in RIXS (RIXS-MCD) of dd excitations, we developed a compact and portable perma-
nent magnet system, and measured RIXS—MCD of several magnetic systems. In this topic, we will
provide the detailed information of the developed magnet system and discuss obtained RIXS—
MCD results of a—Fe,0s.
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