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Fig. 1 Resonant scattering process due to the electric dipole transi-
tion at the transition metal K-edge. In elastic scattering, a 1s
electron is excited to a p-symmetric state in the unoccupied
states with absorbing an incident photon, then the excited
electron goes back to the Ls level with emitting a photon hav-
ing the same energy as the incident photon. We note that the
p-symmetric states can be made from the 3d band states
which are located at the bottom of the conduction band.
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Fig. 2 Comparison of calculated and observed RXS spectra at Cr
K-edge on the spin density wave (SDW) satellite spot in
Cr’®. (a) RXS spectra in the transverse SDW state. (b)
Those in the longitudinal SDW states. Absorption correction
is not carried out on the observed spectra.
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Fig. 3 Calculated spectra with partially neglecting the spin-obrbit
interaction (SOI)?. (a) The SOIs in both Cr 3d and 4p
states are taken into account. (b) The SOI in the Cr 3d states
is neglected. (c) The SOI in Cr 4p states is neglected.
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Fig. 4 GaK-edge XMCD spectra in Mn;GaC!?. (a) Comparison of
calculated and observed absorption spectra. (b) Compari-
son of calculated and observed XMCD spectra. (c) Calculat-
ed spectra with partially neglecting the spin orbit interaction
(SOI). Red (blue) curve shows spectrum calculated with the
SOI in the Ga 4p (Mn 3d) states being neglected.
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Fig. 6 The Coulomb and the Jahn Teller (JT) mechanisms. At a
Mn site on the A sublattice, the onsite Coulomb interaction
may push up the the p, states toward higher energy region
and the JT distortion may pull down the states toward the
lower energy region.
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Fig. 7 Comparison of calculated and observed Mn K-edge RXS
spectra on the (300) spot*.

HOh, (DOBRIC L niE, Fig.5D AR T4 Clt
Mndp, IREED T FIVF—(3 4p, REEO T FILF— L D F L
725 (B EIMT M TIEZEOM), 77, Q)ORIC ki
A BT ST, 4p, IRBED T IVF—13 4p, IREEDO T %
IWF =LKL 7% (BRIKFRTIEZON), 4p, & 4p,
DI FINVFE—DOEHENN) EQ TR b, Balnp
5, RIS HERF O%E, A, BEIKT T LOMEIT
HEWICHIZH HbN 5701 EQOEEIC X 5E W%
RXS AXZ PV BRFIFT AT LiZE LV, L2L,
Z, 3 HHENEFTHDOLN/IZY A FRRTLakw
PRI R BB R OB AT IR & IERHO T BIHOR
KRR T 5 & TRADWEEE 5, COFER
Mn X7 AhA4 FOFEBEICIGH L, 4p, & 4p, DTV
F—DEHRDOBGER TON T2, L DFRERANRT FIVERE A
DY —V T —EA L 3d PWEDTBROEFG-7 BEDL 5N,
QOBBPEETH AL EPHRESIN TV AHIF® &
7z, wear, LB EELEL (resonant multiple Bragg x-ray
diffraction) ¥EiZ & 0, LaMnO; O KRmEE BT % D
LOIZHOWT, ()EQDOEEORAEL T bh, QOB
DEBETH S EDHEIN TS,

5.2 YVO,3

VU A FIBEAA VI TATHGHWICEHENTE
D, VETE ()2 BEL &5, BA 4 VHRICHER
DU TW 5 e, BLIEIC AT oy BLUEIZEA 4V DOHHIZD
UTWigWwWicd, CNHDROY =TT —EIFT/NI W,
ZD7», ()DOWENPEEIC/RAD TR\ EHIFFL T
EBRBfTlbNnTw520, LrL, Y—vF5—FEAIG
P Ev o T LaMnOs OB HE O GD 1 DKEXT
GEL, TOREBPEETLILITITER Y, IHIC
GdFeO3 BDEA (VOs NHEMEDER IS LU EIER) & AN
7 FIVORIRICK & BT %,

Fig. 8 1C YVO3 ® (100) R 4t DFH A5 R A Fhk & Hek L
TRl 72 COYEDOBERKFHICITEIRE & AR EH
BB, TNENOHETHERKRFICHIGT 5 ARy Ik
WTRXS ZX 7 PV BREEIS N TV 5, 2 DO TIEH
MRS bR - TG, R CIRKIRM & Xy —
VIFI RPN NS LT T BB, MOg AHIED

294 © 5t Sept. 2006 Vol.19 No.5

LT (100) Exp. 'L 1T (100) Exp.

| 1
L

T iT{'IIOOI} Gllaln.l

S B
LT (100) Calc.

Intensity (Arb. Units.)

L P | P
5470 5480 5480 5500 5470 5480 5480 5500
Photon Energy (eV)

Fig. 8 Comparison of observed (upper panels) and calculated
(lower panels) V K-edge RXS spectra on the (100) spot. The
spectra in left panels are for the low temperature (LT)
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Fig. 9 Comparison of observed (upper panels) and calculated
(lower panels) V K-edge RXS spectra on (011) spot.
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Fig. 10 4p wave function in an isolated Mn?** ion. The curve in
upper panel shows the radial probability distribution
|R(r)r?|. Mn nucleus is located at the center. In solid, the
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indicated by the arrow. Lower panel shows the amplitude of
the p, wave function in xy plane. The circles approximately
represent the atomic spheres in solid.
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Fig. 11 Partial DOS at the Cr site which has maximum spin moment
in spin density wave state.
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Fig. 12 Orbital moment density at the Cr site which has maximum
spin moment in spin density wave state. (a) The spin orbit
interaction (SOI) in the 3d and 4p states are taken into ac-
count together. (b) The SOI in the 3d states is neglected.
(c) The SOI in the 4p states is neglected. The 4p orbital
polarization in 0~4 eV is mainly induced by the 3d orbital
polarization and that in higher energy region than 10 eV is
mainly induced by the SOI in the 4p states.
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Mechanism of the resonant X-ray scattering
at the K-edge in transition-metal compounds

Manabu TAKAHASHI Faculty of Engineering, Gunma University
1-5-1 Tenijin, Kiryu, Gunma 376-8515, Japan

Junichi IGARASHI Faculty of Science, Ibaraki University
2-1-1 Bunkyo, Mito, Ibaraki 310-8512, Japan

Abstract Much attention has been attracted by the resonant x-ray scattering (RXS) at the K-edge of transi-
tion metal. Particularly, in order to investigate the 3d electronic states in the transition metal compounds,
many RXS experiments have been carried out. However, because the K-edge RXS spectra directly observe the
4p states, it is necessary to understand the mechanism how the 4p states are influenced by the 3d states. In
this paper we discuss the mechanism producing the RXS intensity from the results of the first principle band
structure calculations. The RXS intensities can be understood from the viewpoint of the delocalized property
of transition-metal 4p states.
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