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Fig. 1 (Color online) (a) Photographs of in-vacuum diffractome-
ter for resonant soft X-ray scattering, and (b) the inside of
the diffractometer. The stages, cryostat, and detector system
are shown.

Fig. 2 (Color online) Photographs of 2-circle diffractometer
equipped with superconducting magnet for (a) hard X-ray
and (b) soft X-ray. The magnetic field directions are indicat-

ed by wide arrows.

56 &I Mar. 2021 Vol.34 No.2



bE w7 Z T I X BREELIC & 2HERBCREDOEA

COXEDICEFL CEEFTAHVWASZ LT, BX
FRAEIk D RXS Ehaw ik X ARFEIICINR T 5 &E T, Fh
TEBH L2107 -> TE, BEMAEMIC, 400~1500eV,
1800~4000 eV OFIPH Cid, HFZ L 2EHFIEZhTh
BL-16A (19B29), BL-11B (CHHiA A FEBA EhiL 72,
BL-11B i3 fRMERKADKIETH D, A4t XFEORNIIL
AR, BL-16A IR AIZ O AR (APPLE-TI &Y
TV ab—2) 1R, SERRNT B ERITITAHRLED
AR L 72, L7z TR X S E O RXS £81L, 7R/
FEE (Fig. 4(0)FFAR) THEMEL 72, 7, B X FRAHEK
(4~18keV) DFEEIT BL-3A, 4C I\ T, BEZo 4
EHTET A VT - 7o

3. PrRu,P,, DXFHICET 5 p-f BRRARE"

FHEA7 v TIVXAFRTWX, (F+HER, EBRER
T, 7Z7 7 v X) i3, EOETFRE M, %6
TR, BEEE VS IEEREERL, %< OIS
RINTELRTH b, MG L Xy D20 KD HF D
ZERNC R AFRHE SN h TREE % 5 (Fig. 3(a)), 7
TR L TS XD pHENIOR A5 THEE ITD
o fETFHBVERERTONEMCTH 5, £/, AV
v TIVEA MICEBT A EEEMERIIOEE /N5 A—4
D1ONB, TOpSfRRICHS EEZLNTWS,

C CTHEHT A PrRuyPp i3, Twi~63K &\ iRy
Bl C MI 5/ 2% 930, SR 22 REBE Im3 7228, T<
Ty CTEIRBHOBH S (Rl : h+k+(0=o0dd) 2B
n, EEHOZEBBL Pm3 L7530, 2% 0, SEHET
A 72 - 72 2 DD h TIRAEE : PrPy, 23, Fig. 3(b) iICH
HEDICIEME > TWAT EERRL TS, SHTH
PEFIEBMERELIC X - C, BV pf REIRE "B I NS
BT, T<TwiTHEEMEIL->/72O0DPrY A+
B, Bin D5 EEIRRE (Pr(1): Ty, Pr(2):Ty) %>
Tk, Pr(D)Y A b Cldds i B AL 5 B R B R %
w~L, BEREBEOT, AT EHEEMNICE(LT ST L,

Fig. 3 (Color online) (a) Crystal structure of skutterudite,
RT,X,,. (b) Schematic view of the atomic displacements in
the non—metallic phase blow Tyy. The displacements of Ru
are emphasized rather than the real shifts. Pr(1) [Pr(2)],
which is surrounded by the P(1) [P(2)] and Ru atoms, is in
the ground state T'y [T;].

D BMICINT, F72, Prof ETO%BTIF O
EPEAFIN B 72010, RXSHERTHNN, o R
Fitk R HEFRBEIS Nz - 723, ThDHORE
B EY, AFROMIMHERL, PrA FOFBROEBT
BRFED, pfEREZBL CT7 2IVIEDRAT 1 V7 %8|
ERIL/I/OTHD EREIN/D, T, 2
DOPr YA R D p-f REREEFF S LRk L
TWwb, ko RXS P T, BE X #REEKO Pr L3 W
Wt (2p—bd BF) TOEERNTHN, 5d BT RELH
BLTWBEZ LD, 5T, TTTHERHTSpFEK
IRBE A BB 4 7200121, Bk X fRFEIRIC D 5 Pr Mys
W (3d—4f BR), P KRIUH (1s—3p BB) TO
RXSFEBRA{TO PN BELTeb, T TPraf & P3p
OFETIRAEZ BT X % Pr Mys WU, P K WL

PrRuyP,

100 reflection

T=15K 1

10 | & Ms 1
e

e

15 | (a) Pr M, 5 edge

I(E)/1(920eV)

920 925 930 935 940

e

945 950 955

2.0
15
1.0 frmrn,
0.5

0.0
5950
30 ‘
25 | (c) P Kedge
20
15
10
5
o b=

i (b) Pr L5 edge T=20K 1

I(E)/1(5950eV)

5960 5970 5980 5990

I(E)/1(2138€V)

2.0
1.5
1.0 [=afu,
05

0.0
2820

I(E)/I(2821eV)

2830 2840 2850 2860 2870
Energy (eV)

Fig. 4 Energy dependence of scattering intensity at the 100 reflec-
tion of PrRu,P;, near (a) the Pr M, s edge, (b) the Pr L,
edge, (c) the P K edge, and (d) the Ru L; edge. The inset in
(c) shows the schematic view of the experimental configura-
tion.
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Fig. 5 (a) Temperature dependence of the energy spectra at the 100
reflection of PrRu,P;, near the Pr M, s edge. To compare the
spectrum shapes, the intensity, 7(E), was normalized by that
at 920 eV, 71(920eV). (b) Temperature dependence of the
integrated intensities at 927.7 eV (resonant, open circles)
and 915.0 eV (non-resonant, open triangles), and the peak
intensities at 927.7 eV (line), which were measured with the
fixed peak position. Temperature dependence of the intensity
ratio, 1(927.7 eV) /1(915.0 V), is shown by the solid circles.
The ratio at 60 K scales to 1 through intensity normalization.
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Fig. 6 (Color online) (a) Temperature dependences of resistivity
for Sample 1 and Sample 2. Schematic view of (b) crystal
structure of the (LaMnO3),(SrMnO;), superlattice. Charge
disproportionation of (¢) Mn 3d and (d) O 2p electronic
states.
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Fig. 7 Energy dependence of scattering intensities for Sample 1 and
Sample 2 of (LaMnO;),(SrMnO;), superlattice at the 001
reflection near (a) the Mn K edge, (b) the Mn L, ; edge, and
(c) the O K edge.
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Fig. 8 Temperature dependence of energy spectra of the magnetic
reflection of Sample 2 near (a) the Mn L, ; edge and (b) the

O K edge.
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Fig. 9 X-ray absorption spectra (XAS) of Sample 2 with opposite
circular polarizations (u* and p~) and XMCD spectrum
(Au) at (a) the Mn L, ; edge and (b) the O K edge.
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Abstract Orbital hybridization between the metal and the ligand ions is one of important parameters
dominating the physical properties in the strongly correlated electron system. Resonant X-ray
scattering (RXS) technique can elucidate the hybridized electronic state, since the resonant sig-
nal has element— and orbital-selective information depending on the absorption energy. Especially
it is an effective technique to observe the spatial modulation of the orbital hybridization. Here, we
introduce recent our studies of the orbital hybridization in the 3d and the 4f electron systems.
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