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Fig. 1 Schematic transition diagram of the Cu 2p-3d-2p RIXS in
cuprates and an example of the calculated RIXS spectrum.
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Fig. 2 (a) Schematic illustration of intermediate and final states of
the Cu 1s—4p-1s RIXS of cuplates with the CusO;4 cluster
model, and typical behavior of experimental RIXS spectra
for (b) Nd,CuO, and (¢) Ca,CuO,Cl,.
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Fig. 3 [Illustration of the O 1s—2p—1s RIXS process. With x pola-
rized incident and emitted X-rays, the Zhang-Rice singlet
state is formed in the right hand side CuO, plaquette (see the
left hand side of the lowest panel.)
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Fig. 4 Experimental RIXS spectra for CuO, La,CuO, and La, g5
Sro.1sCuO, (upper panel) and calculated ones (lower panel)
with a 0.05 eV Lorentzian broadening (solid curves) and
after a 0.8 eV Gaussian broadening (dashed curves).
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Fig. 5 Cu 1s XAS spectra (partial fluorescence yield) of La,CuO,
measured with two different polarization geometries (see
text). The insets are (a) Cu 1s XAS and (b) RIXS spectra of
CuO.
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Fig. 6 Left panel: Cu 1s XAS spectrum in the pre-edge region of
La,CuO,4 measured with the incident polarization parallel to
the CuO, plane. Center panel: Measured RIXS spectra for
the incident energy in this pre-edge region. Right panel: Cal-
culated RIXS spectra.
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Fig. 7 Measured Mn 2p XAS spectrum. The inset is the Mn 2p—3d-
2p RIXS spectra measured previously with low resolution
(dots) and calculated with an atomic model (solid curves).
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Fig. 8 Experimental and theoretical results of the Mn 2p-3d-2p
RIXS spectra in the d—d excitation region of MnO. In each
panel the experimental and theoretical results are given by
the upper and lower curves, respectively. The labels refer to
the excitation energies of Fig.7. The red and black curves
correspond to two different polarization geometries shown in
the text.
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Magnuson 5% (I CeBg @ Ce 3d—-4f-3d ¥ & U 4d—4f-
4d RIXS @ depolarized Bt & 12 331 5 %€ & SIAM | &
LB TR Tl olc, BlllSN/z4eV &£ 6eVD
RIXS 13 42 IREEANDFHEEIC L 5 b D & RS 1z,
MEGEEIC LS, polarized BB TOEBRN T = niT,
Kondo & EIRRED b DFhfE DR gL & L T2.5 eV @ RIXS
V— I DPBBITELETHLIENFEINT 5,

3 i & I8 A B T i © Ce {b & # D 2p3/2—5d XAS (L,
XAS) A7 PV, ZNFh, 1E—27 (4 #&IREEIC
WG &2V — 7 (40 L AL EOIRAE) OREE R L O,
42 ORRBETTRE A/ NI W & & 2p IR TEALOFIC
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R E BTN, A2 RENORIROEFE S ZEHd 5
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TWb, /272L, T2 THRAII N/ DIFEEREIC I
%P2 Tide <, Ly XAS O IKAE (RIXS O
fEIRAE) (T3 % f1/f2BEHTH 5B C LITHERBNLET
B 5,

Ce b &EHD A BHF, Ybibad LI LIZREH T
REPLEVESREL COREZTRT, Ce T, HEER
REICI W\ T 40 (Cett) & 4f! (Cedt) OEEEBL T
W52, Yb Tid4f13 (Yb3*) & 4f14 (Yb2t) OfLE N
BHELTWADZ LICERELZ, Dallera 5500%, JEED
B & L T YbInCuy & YbAgCuy D ZEE %, Yb 2p
=5d hi2 I 9 % 3d-2p FIEDFhE AX 7 IV OREIEIC
X ORD/, FERIE, TNOOPWEOMBAEIHTEF A
N7 PV EOBIgES N TR, BEFAXRY FVidE
HDOHE T 512 OF OFRHB—ER T, Wwfilia->T
/2, Dallera 5OFERITEE V7 OB EEBHIL,
COMmEFITKIERTZIT - /oo FNIC kiE, YbInCuy
A BN IR & & SICRHEFAINTE 2 20125 L T
YbAgCuy OfiZE# I HERTITH S Z b, &
7=, Dallera BV 3[R 7& 7T, ENEICH T S
YbAl, OMiZEFORE L 375\, HHETOME2.254
385 Kbar O/ TIE2.91C#md % 2 & BB IT L7z,
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5. RIXS XTI MAEEHA—_at

RIXS o\ YRR — it (MCD-RIXS) (%, #gt:
RICAELIEONT VT 0 —OMREE X fE % AN L 72BED
RIXSDOZETEZRT 5, /2721, RIEOREITHEML 7«
Vo AR X HROAETIT R D FER OIS T (/2T
SPATICHEY) 6 2 PATRLE & W OF, 7236 & TEE AL
E LS, HEEAE T X ARSI MCD 34 U vy
75, MCD-RIXS B—ftICHREZ &5, SO Lid, i
%7 Braicovich 56273, NiFe,0, & Co &Jg Ik ¢ 5ERT
Bl L7, £, fEH 550 GdssCosr IFibE & £ 15T
FTHHLVWEREAERFA LS Ik, FTRETO
MCD-RIXS i3 ab —V v b g 2 RKE5EFE Th % RIXS
DORBIEIC L - TEL ADICRL T, BEARE Tl THE
ICE>THELAT EBRHLNIIINT, TNHOFEANI
BREGIICEE D, T 2T & U EED MCD-RIXS O EIC
DN 5,

5.1 {7828 MCD-RIXS DIHH

BRILFR D 2p-1s I LUK D 3d-2p KT &
% RIXS 13, B O XAS TIIERIT & e OIS % i
HWT27-0DBDTHENEFETHSC & BRICHRN7
Q3ffiwslE), COZ LEEIZENEND MCD IZIRE
+ % &, MCD-RIXS (35#% © MCD-XAS T3 EHT X
WIS A 3 5720 DF N FR 5 2 LM
fFIND, EBEICHKIE, 9A LS IEEMKE Celba Y
CeFey IR A2 HERFHATINEFHAEL 7o,

CeFe, D Ly XAS & %+ & MCD o 5 B %% %69 % Fig. 9
2, TNENXE+TRT, EBHL20—7 bR
> TWBD, E—7 OMECIRIIMIPIC R > Th5, H
BEOWE, EFINLOERERYHEHIHECHET S
CEDBEH BRI, EFIVELT, CeD5d/NVF
L Fe®3d NV FIZLCAO Z A FNA VT 4 VT HPT
Kb, Ce 4f IREEDE A F FliFrtk % SIAM TEHE L T
Fh A G DY, FEMITANE T 5, FHEMFBRIT Fig. 9
ICEMTRT LI, Fehriad I<HEHLTWS, &
DFHEN S, XAS 35 LU MCD-XAS (ROMEIS) O
200 —=7D5Y, BIIINVFE—AOV —7 135 &tk
DMHORRETH LM, KL rVF—flOV— 71341 &
M2 DORENSTETWAB I LR oT, 72720, 4f2
REOFT LT ALIRREICIE R T, 2psp IEFLOE W FF
W& B AN FIVDIRR Y D7z 412 & 411 OZFF 5137
OVY—27 L LTHEEL Ty, £2TC, ThbHOHS%
SEET A L AR E LT, 3dse—2pse BT L B RIXS
& MCD-RIXS CPATELE) DBhE A7 FIVOFHHE BB
Thbnic®, ¥xbb, BEOT RIIVF—% 3ds &
232 DWNREN T XIVF —DEDOMBEICEE L, FOME
ZAbe A XL rVF—OBEE L TEHHEL - (XAS
DNy 77577 FOEERERL72), ZOHES Fig.
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Fig. 9 Calculated results (solid curves) and the experimental ones
(crosses) of XAS and MCD-XAS at the L3 edge of CeFe,.
The dashed curve represents the background contribution
taken into account in the calculation.
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Fig. 10 Calculated results of excitation spectra of the Ce 3d-2p
RIXS (solid curve) and its MCD (dashed curve) for CeFe,.
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RIXS O AXRY Vg & AZIICHA SE723 D (2pys
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L i¥, MCD-RIXS OJhie A X7 + L (KOOGS ) T
X MCD-XAS DK T IV F— DOV — 7 28 =D 53 B
L, ZFORELFINF—VE—I N M2 IREOFLETHH
EIHREICRDO ONSL T L TH S (XAS Tik XAS-MCD
IR T A2 REEDO T 5-3/ Sz s, RIXS D AN
7 PIVEE 5 Th M2 REBIEHVERSEY 5 2 5720 Th
AT LICIETE), Fig. 9 & Fig. 10 DA GO A7 | L%
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5.2 EEHKE MCD-RIXS Dt
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MCD-RIXS O#EFANZ B3 % A DKL, T Brai-
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X OO MEPEL e @ICEE S, X XFEOIH
BAG X ARTT R Al & L TS 7z, MCD-RIXS Off
SR ITFIRAED Co 3d IEFLICBI¢ A E D 1 &
OBT) &3k (NEET) OFE— AV F EBERAT S
N, TOMEKRGEE X MCD-XAS 7z & L O AEbE N
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¥, PUEMST, AEHTE—AVFERD, KBNS X
U7 AR —BANC LAt RE L 5 2 LIk D, [H
R T T F VT OESG WA Co & NI Tl 5 C
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TAHAMBITELIWEE 72T P T, BURITE2T A B
ChbHE W25, i, fast collision approximation i
AEHIC OV THERREVEFABMNETHSH D, LaL,
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P T A 8 58D TH S vz kD,
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DA VIREELGRIMTE S0 0, O MaA» I
B S IR B THH D,

RIXS O & 5 —2DOHEE D %G 1E MCD-RIXS O#F %%
T#H %, MCD-RIXS OfF558E (3% O RIXS [T AN T
05, BRCIIBELRFRIIBS TE VS, HL
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Present status and future prospects of resonant
inelastic X-ray scattering

Akio KOTANI

RIKEN, Harima Institute/Spring-8,

Kouto 1-1-1, Mikazuki, Sayo, Hyogo 679-5148, Japan

KEK-PF, Oho 1-1, Tsukuba, Ibaraki 305-0801, Japan

Abstract Recent progress in the study of resonant inelastic X-ray scattering (RIXS) spectroscopy is rev-
iewed. As a typical example, the RIXS study for high T, related cuprates is described in detail, and then the
RIXS study for transition metal compounds and rare earth compounds, as well as the magnetic circular dichro-
ism in RIXS, are introduced and discussed. The main space is devoted to the theoretical investigations, some
typical experimental data and the comparison of calculated and experimental results, putting emphasis on the
underlying physical mechanisms. Some brief description is also given on future prospects of the RIXS study.
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