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We study the magnetic resonant x-ray scattefiR)S) spectra around thK edge of Cu in KCuk on the
basis of arab initio calculation. We use the full-potential linearlized augmented plane wave method in the local
density approximation (LDA} U scheme, and introduce the lattice distortion as inputs of the calculation. We
obtain finite intensity on magnetic superlattice spots by taking account of the spin-orbit inte(&gionNo
intensity appears without the SOI, indicating that the intensity arises not from the spin polarization but from the
orbital polarization concerning complex wave functions m gtates. The present calculation reproduces well
the experimental spectra as functions of photon energy and of azimuthal angle. We also calculate the RXS
intensity on orbital superlattice spots. It is found that the intensity increases with increasing Jahn-Teller
distortion. The spectra arise from the orbital polarization concerning real wave funptiops , andp,. They
remain nearly the same in the nonmagnetic state given by the simple LDA, in which the orbital order con-
structed in the 8 states is much smaller. This strongly suggests that the intensity on orbital spots is mainly
controlled by the lattice distortion, not by thel Drbital order itself.
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[. INTRODUCTION tial coming from orbitally polarized & states, it works to
eliminate the effect of the anisotropic terms of thd-8p
Resonant x-ray scatterif@®XS) has attracted much atten- Coulomb interaction on the pt states. We found that the
tion, since the orbital order can be directly probed by thespectra consist of several peaks, to which the GdRg@e
RXS signals on the orbital superlattice spots. Several RXSlistortion and the JTD contribute differently, in good agree-
experiments have been carried out on typical perovskitenent with the experiment. Note that the terms “orbital or-

compounds;” in which an orbitally ordered state may be der” and “orbital polarization” are concerned with the states
stabilized below a critical temperatuté For theK edge in  of real wave functions.
transition-metal compounds, RXS intensities arise from the Recently, an RXS experiment has been carried out on
modulation of 4 states in the intermediate states of the resoKCuF;, in which the intensities on the magnetic and orbital
nant process. Sincepdstates are not the states of orbital superlattice spots have been reportetf The magnetic RXS
ordering, this causes complications on the interpretation ogéxperiments were already carried out for typical materials
RXS intensities. such as CoQRef. 19 and NiO?° However, the analyses of

A mechanism was proposed that the modulation pf 4 the experimental data have been limited to model
states comes from orbitally polarized 3tates on the MiT  calculations®'?? As regards the intensities on the orbital
ion through the anisotropic terms of thel-@p Coulomb  spots, they increase with going down through thée INe-
interaction in LaMnQ,*®** and thereby it was argued that perature in the experiment, and are interpreted as a conse-
the RXS intensities on the superlattice spots are a direct reguence of the increase of thel drbital order parameter in
flection of orbital order. On the other hand, subsequent stucthe magnetic phasg.This interpretation seems obscure un-
ies based on band structure calculatidn¥' have revealed less it is clarified how the @ orbital order controls the RXS
that 4p states of MA™ ion are so extended in space that theyspectra. The purpose of this paper is to elucidate the mecha-
are considerably modified by neighboring electronic statesism of the RXS spectra on the orbital and magnetic super-
through the Jahn-Teller distortio@TD). It has been con- lattice spots througlab initio calculations. We use the full-
cluded that the effect of the JTD on the RXS spectra is muclpotential linearlized augmented plane wa¥ELAPW)
larger than that of the &4p Coulomb interaction. method in the local density approximation (LDAU

RXS experiments were carried out also on Y)®ef. 6 scheme, where the locald3-3d Coulomb interaction is in-
and YTiO;.” Since the JTD is considerably smaller in thesetroduced on Cu sites,
materials than in LaMng one may think the effect of the We obtain the RXS intensity on magnetic spots by taking
Coulomb interaction important. This is not the case, thoughaccount of the spin-orbit interactiaqi$Ol). Highly accurate
ab initio calculations indicated that the effect of lattice dis- calculations are required, since the intensities are much
tortion on RXS intensities is much larger than that of thesmaller than those on orbital spots. This seems to be the first
3d-4p Coulomb interaction even in these materi@i$°The  case to have evaluated the magnetic RXS spectra imlthe
calculation was carried out within the muffin-ttMT) ap-  initio level. We reproduce well the experimental spectra as
proximation on the lattice parameters determined from thdunctions of photon energy and of azimuthal angle. No in-
experiment. Since the MT approximation averages the potertensity appears without the SOI, indicating that the intensity
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hole orbital structure?®?’ There are two inequivalent Cu sites in a unit
‘ cell, which will be calledA andB sites. With further decreas-

ing temperatures, an antiferromagnéféM) long-range or-

der develops below 38 K with the ordering vectQf,,q

=(0,0,7/c). Therefore, four inequivalent Cu sitéds, , A_,

B, , andB_ exist. The local magnetic moment is pointing to

either the (110) or (1@) direction with the value 0.48; .2
The recent magnetic scattering experiment gives the ratio of
the orbital angular momenturtL) to the spin angular mo-
mentum(S) asL/S=0.2918

We carry out the band structure calculation in the LDA
+U scheme taking account of the SOI to deal with the or-
bital moment. We set the parameters of the intraatomic Cou-

FIG. 1. Sketch of the ordering pattern of KGuRrbitals¢,2_,2 lomb interaction -betweencBlorbltaIs such that)=3.0 eV
and ¢,2,2 are antiferro-orbitally ordered with the ordering vector and J=1.0 eV. First assuming the AFM long-range order,
Qo= (m/a, /b, mlc). Arrows represent the direction of magnetic We obtain an orbital long-range order with the ordering vec-
moments with the ordering vect® .= (0,0:r/c). Small solid  tOr Qqp; the hole numbers inside the Cu MT sphere in the
spheres represent F atoms. K atoms are omitted in the figure. ~ 3d statese,2.,2 (¢y2.,2) and @gy2.2 (¢z42,2) are given by

Ny2.,2(Ny2.,2) =0.65N3y2,12(N3,2,2) =0.08 iNA. (B-) sites,

arises not from the spin polarization in the 4tates, but respectively. In addition, since we have introduced the SOI, a
from the orbital polarization concerning complex wave func-small orbital moment, which is concerned with the 8om-
tions which give rise to orbital moments. On the other handplex wave functions, is induced. The local magnetic moment
the spectra change little with turning off the SOI on thet 3 s obtained as 0.78; with S=0.34, L=0.11(in units of#),
states. Since thed3orbital moment disappears in this condi- | /S=0.33, which is somewhat larger than the experimental
tion, the 3 orbital moment plays little role in inducing the gne. For a larger value dff —J, the spin and orbital mo-
above-mentioned type of orbital polarization ip 4tates. ments become too large; we obtain the total momentdg02

We also calculate the RXS spectra on the orbital superla:r/ith S=0.413,L=0.195 forU=7.5 eV, and]=0.9 eV. In

tice spots. A similar calculation has already been carrie hi - _
. : is respect, using =3.0 eV and)=1.0 eV seems better. In
out'® We come to the same conclusion that the RXS inten- P Y

S . : . . order to see the effect of the magnetic order on ttemital
sity is mainly controlled by lattice distortion. We add several o
aspects of making clear the mechanism, by calculating thgrder, we carry out the same LDAU calculation in the
spectra with changing magnitude of the JTD and in varioud'esence of the ferromagnetigM) I_ong-range or_der. We
magnetic phases. We explicitly show that the magnetic ordePPt@in the same type of orbital order, in which
itself has little influence on the intensity and that the inten-"x222(Ny2.22) =0.66 N3y2.2(N3,2.2) =0.10 in A (B) sites, re-
sity increases with increasing JTD strength. In this respecBPectively. Since each hole number is similar to that of the
the increase of the intensity with passing through thélNeeAFM state, we conclude that the magnetic order has little
temperature has to accompany a considerable increase of tifgluence on the orbital order parameter. On the other hand,
JTD strength in the magnetic phase. We also predict an azthe 3d orbital order is rather sensitive to the intraatomic
muthal angle dependence different from the previously as€oulomb interaction. The simple LDAX=0) gives the 8
sumed one but consistent with the experimént. orbital polarization much smaller than the values mentioned

In Sec. II, we study electronic structures in various phaseabove, that is, n,2.,2(ny2.,2)=0.26 and Nngy2.2(Ngy2.r2)

with the FLAPW method in the LDA U scheme. In Sec. =0.11 per spin in theA (B) sites in the nonmagnetidt\M)
1, the absorption spectra and the RXS spectra are presentgghase. As shown later, inspite of such a small orbital order,
in comparison with the experiment. Section IV is devoted tothe intensities on the orbital superlattice spots remain similar

concluding remarks. to those in a large orbital order.
Figure 2 shows the calculated density of statP©S
Il. ELECTRONIC STRUCTURES projected on thel andp symmetric states of a Cu site, which

is defined inside the MT sphere, in the AF phase given by the

KCuF; has a typical perovskite structure with a strongLDA+U method U=3.0 eV, J=1.0 eV). The origin of
JTD, which is stable in a wide temperature range and acconthe energy is the bottom of the conduction band. The DOS
panies the antiferro-orbital long-range order with an orderingprojected onto thel symmetric states is almost concentrated
vector Q= (m/a,m/b,m/c). Figure 1 schematically de- in the region of energy less than 2 eV. It has a finite gap
picts the ordering pattern. It is tetragonal with=b ~0.82 eV. Although it is not shown in the figure, thel 3
=4.141 A andc=3.924 A at room temperature; three dif- DOS changes considerably with a large energy gap 3.1 eV, if
ferent bond lengths are given by=2.253 A, s=1.888 A,  we use value®)=7.5 eV andJ=0.9 eV. Nevertheless, the
and m=1.962 A?*% Since the lattice parameters are notDOS projected onto thp symmetric states remains similar.
known at low temperatures, we use these values in the folfhe left part of the DOS is shown in a 20 times magnified
lowing calculation. Note that we assume a ty@-€rystal  scale. The magnitude of the DOS projected ontoplsym-
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Intensity (arb. units)

DOS (arb. units)

8.98 8.9 9.00 9.01
Energy (keV)

-5 0 5 10 15 20 25 30

Energy (eV) FIG. 3. Absorption coefficienA(w) as a function of photon
ity of . q dd ) energy around thK edge of Cu, in comparison with the experimen-
FIG. 2. Density of states projected on thep andd symmetric tal data of fluorescencdRef. 18. The core-hole energy is adjusted

states inside the Cu muffin-tin sphere, calculated in the AFM Phasg, ch that the calculated peak position coincides with the experimen-
of the LDA+U scheme U=3.0 eV, J=1.0 eV). The origin of ., /o

energy is the bottom of the conduction band.

. ] ] the 4p states in the final state of the absorption process, we
metric state is much smaller than the BOS, since the most  haye the expression fax(w),

part of probability is distributed over the interstitial region or
on neighboring MT spheres. We may be allowed to refer to .

the p symmetric states asp4states, because the wave func- A(‘U)“HZJ( redrRig(NrPméni(r)| dlo—enx—e1s
tions are quite close to the atomip 4vave functions within - _ _

the MT sphere. Of course the t# states lose the atomic =Tl w—e1) + T (w—e19) + T (w—215), (3.2

character outside the MT sphere, forming an energy band i
with its width being as large as 30 eV. The exchange splitVVN€réeis is the energy of the d state. The dependence on

ting in the 4o DOS is invisibly small in spite of the magnetic sublattices can be neglecteli{w) is nearly proportional to

ground state, indicating that the effect of the &ates is very the_4p DQS' Figure 3_shows the ca!cula‘ged result in com-
small. As shown later, the intensity on magnetic superlattic@2/1S0n with the experiment, whesg; is adjusted such that
spots arises from the magnetic orbital polarization inducedn® Position of the main peak coincides with the experimen-

by such tiny exchange spliting in the symmetric states ta_l one. It is difficult to determine _th_e_ absolute _valuegqg
through the SOI. within the present status of thab initio calculation, since

several screening processes are neglected. The spectral shape
is found in good agreement with the experimental curve. If
ll. ABSORPTION COEFFICIENT AND RXS SPECTRA the core-hole potential would be taken into account, the in-
tensities in low frequency region may be further enhanced.

2

We define the $-4p dipole transition density matrix
(1)

T (€), @ssigned to each Cu site as B. RXS spectra
_ . The conventional RXS geometry is shown in Fig. 4; a
TETJ])m,(S):E f radr r’2dr’[RJ*15(r)rPﬁT‘])ci)n,k(r)]* photon with frequency,, momentuny; , and polarization
n,k
i y 3
X[RALTE PR doi(r)]8(e—eni), (3D G
where | stands for sublattices\.. or B . Suffixesm, m’ \_¢/4

represent the, y, andz axes, which are chosen to be parallel
to thea, b, andc axes, respectivelysee Fig. 1 ¢, repre-
sents the wave function with the band indexwave vector

k, and energye,  which is larger than the Fermi energy.
Operator’Pﬁ,']) projects the wave functiog, , on them (m

€ X,Y,z) component of thgp symmetric part on the Cusite.
TheR;,s represents the Cuslwave function on the Cysite.
We evaluate this density matrix using the FLAPW wave

function. Sample

FIG. 4. RXS geometry. Incident photon with wave veajpand
polarizationo or 7 is scattered into the state with wave vectpr

We first discuss the absorption coefficiehtw) around  and polarizations’ or 7' at Bragg angled. The sample crystal is
the K edge. Neglecting the core-hole potential working onrotated by azimuthal anglg around the scattering vect@.

A. Absorption coefficient
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(=0 or m) is scattered into state with momentuwp and _ (001)0:"_;”&39\,“;\,) "
polarizationu’ (=o' or w'). The scattering vecto6 is e a . —-_galc:(u-7.5e'v,J-o.9eV)'
defined byg;—q; . In the dipole approximation, we have the 5 | * 4
RXS intensityl (G, w) g
E z
1(G,w)*| 2 ExMmm(G,@)Ep,| . (33 2 1
mm’ o
£
with S N Tt
< | (')|A><A| (_)| > 8.98 8.9 9.00 9.01
1 91Xm( ] Xm(i)]9
M. (G,w)= 2 m m Energy (keV)

N2 fho—(Ey—Eg)+il . )

FIG. 5. RXS spectra on a magnetic superlattice spot (001) for
Xexp(—iGr)). (3.4)  theo—m’ channel. The solid and broken lines are the calculated
) results forU=3.0eV,J=1.0 eV, and folU=7.5eV,J=0.9 eV,
Here El'°™ is thex component of polarization vector of the respectively. The dotted line represents the experimental ¢Refe
incident (scattered photon. TheN represents the number of 18). The core-hole energy is set the same as in the case of absorp-
Cu sites, angl runs over them. Thig) represents the ground tion coefficient(Fig. 3).
state with energyEy. The |A) represents the intermediate

state with energyE, ; it consists of the excited electron on  The actual calculation in the LDAU scheme is rather
the 4p states and a hole on thes ktate.I' describes the heavy, since the number of atoms in the unit cell becomes as
broadening due to theslcore-hole lifetime. The RXS spec- |arge as 20 in the AFM phase. Highly accurate calculations
tra are rather insensitive with varying values; we sel”  are required, since the intensity is much smaller than that for
=1 eV. The dipole operators,(j) at sitej are defined as the orbital superlattice spots. It is not easy to sum up many
x1(j)=X, X2(j)=Y, X3(j) =z in the coordinate frame fixed k-points in evaluatingy(e), though. Fortunately, summing
to the crystal axes with the origin located at the center of sit&8 x 8 x 8 k points in the first Brillouin zone seems sufficient
j. HereafterG is expressed in unit of (2/2a,2w/2b,2w/2C).  in comparison with the result for summing<@ X 6 k points.
Just like the absorption coefficient, we neglect the core-hol€jgure 5 shows the calculated spectra e (001) as a
potential in the intermediate state. Then the amplitudgunction of photon energy in comparison with the
Mmmw (G, ) is expressed in terms of the density matrices: experiment? It is for the o— 7’ channel(the one in ther
) q —o' qhannel vanishes as shown be]oWhg soliq and bro-
M, (Gw)= 1 S exp—iG- r_)j mn (8)de ken lines represent the calculated intensities for
mm IN 5 V] ho—e+egtil” =3.0eV,J=1.0eV, and forU=7.5¢eV, J=0.9 eV, re-
(3.5 spectively. We obtain the spectral shape consisting of several
peaks. The highest and next highest peaks correspond well to
1. On magnetic superlattice spots peaksa and b, although their energies are slightly shifted.
Note that the core-hole energy has already been adjusted
such that the calculated absorption peak coincides with the
experimental one. The spectral shape is little changed for a
larger value ofU—J. The intensity becomes slightly large

T

For the magnetic superlattice sp@s-= (00m) with m be-
ing odd integers, Eq.3.5 contains the following combina-
tion of density matrices:

(A (g)— AA)(g)+ 7Bi)(g)— B) for a large value otJ — J, probably due to the increase of the
Tre) T (e) e e) m T e) 3d spin and orbital moment. In addition we have found that
0 0 n(e) the spectra change little with turning off the SOI on the 3

states, suggesting that thd 3pin moment is more important

B 0 0 nle) . (3.6 than 3 orbital moment on inducing thepdorbital polariza-
—n(e) —n(e) 0 tion.
Only off-diagonal elements, which are purely imaginary, sur- From Ed.(3.7), we derive explicitly the azimuthal angle
vive with an antisymmetric form shown abot&?*The com-  dependence,
ponentz(e), which originates from therbital polarization
concerning complex wave functions in the &tates, van-  |(G,w)x0 for o—o'x|cosfcosy|? for o— ',
ishes without the SOI. From this expression, E85) be- (3.9
comes
n(e) 2 where sing=0.088 for the (001) spot and s#i+0.439 for
(G, w)x (Cyz+sz)J dsm , (3.7  the (005) spot. Here the azimuthal angle=0 is defined

) ) such that the (10) axis is contained in the scattering plane.
with C;;=E{"E]'~EE[". Since the polarization depen- Figure 6 shows the peak intensity on (005) as a function of
dent partC, ,+ C,, is factored out, the photon energy depen-¢, in comparison with the experiment. The dependence
dence is independent of the polarization. agrees with the experiment.
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3.0 T — T . AR AR AL R
— & (005) o-m calc. (x10°) & [ (B31) & — ammwaw |
2 ® exp. = i - —- FM (LDA:U)
c g - B —— NM (LDA}
S 20 F .k 41 exp.
£ 2
s g | ]

>
'g 1.0 - - A 7
E . £ 1
0 L g AR A B . e

o 120 180 898 899 9.00 9.01
_ cale. o Enegy (keV)
(2]
IS 08 L | FIG. 7. Calculated RXS spectra on an orbital superlattice spot
g ) (331) in comparison with the experiment. The thick solid and bro-
s ken lines show the spectra on the AFM and FM phases in the
%’ 04 | LDA+U scheme U=3.0 eV,J=1.0 eV), respectively. They co-
g incide with each other. The thin solid line shows the spectra on the
£ NM phase in the LDA scheme. The dotted line shows the experi-

ot mental datgRef. 18. The core-hole energy is set the same as in the

0 60 ‘1é0‘ | 180 ‘ '2:10‘ 3c|)0 ' 360 case of absorption coefficient.
Azimuthal angle (degrees)
of the previous calculation of the same kifdn particular,

FIG. 6. Azimuthal angle dependence of the peak intensity athe fact that the last case gives the similar result in spite of
8993 eV on a magnetic superlattice spot (005) and on an orbitagnsiderably smaller @ orbital order gives a strong support
superlattice spot (331), in comparison with the experimental de_lta &b the mechanism that the RXS intensity is mainly controlled
8992 eV (Ref. 18. Both are for theo— " channel. The experi- 1,y the attice distortion. This finding is consistent with pre-
mental data are adjusted so that the maximum intensities becorqﬁouS studies on other transition-metal compou’r?dé‘.‘Note
close to the calculated ones. that the above statement is applied to only the “main” peak
at theK edge. A “pre-edge” peak, which has sometimes been
observed in other materials, may have close relations to the

For the orbital superlattice spo®=(hIm) with h, I, and  3d orbital order. The effect of the SOI is negligibly small for
m being odd integers, Eq3.5 contains the combination of these cases. The present calculation reproduce well the spec-
density matricesg+)(g)+ 7A-)(e) — 7B+)(e) = 7B-)(e).  tra consisting of three peaks, although peakand e are
It takes a form much smaller than the experimental ones.

The azimuthal angle dependence @+ (331) is explic-
a(e) 0 ¥(e) itly evaluated from Eq(3.11). It is given by

0 —ale) )|, (3.9
—y(e) —d(e) 0
where off-diagonal elements are more than two orders of

magnitude smaller than the diagonal terms. Neglecting such for o—', (3.12
terms, we obtain

2. On orbital superlattice spots

I(G,w)x|cosBsin2y|? for o—o’

= |sin @ cosB cos 24+ cosé sin B sin y|2

. with sin6=0.364 and taB=32c/a=4.02. The azimuthal

1(G, ) sz_yzf do— &) . (310 angley=0 is again defined such that thel(@ axis is con-
w—gtetil tained in the scattering plane. The intensity has a period of
with 2, not ar, with respect tay. This rather complex behavior
seems reasonable, since the scattering vegtds not in a
Ceo_yo= EQUEN— E;’“‘E‘;‘. 3.1y  direction of high symmetry. This is obviously different from

the form previously assumed in the analysis of the experi-
Just like Eq.(3.7), the polarization dependent p&f._,2is  mental datd® Figure 6 shows the peak intensity as a func-
factored out, so that the photon energy dependence becomgsn of «, in comparison with the experiment. The present
independent of polarization. form looks consistent with the experiment, at least within
Figure 7 shows the calculated spectrum®# (331), as w<§<2w. There are no available experimental data for 0
a function of the photon energy, in comparison with the ex-<#< at present.
periment. The calculation is carried out on both the AFM and  So far, all the spectra are calculated with the lattice pa-
FM phases in the LDA U scheme, and on the NM phase in rameters at room temperature mentioned before. If the RXS
the simple LDA scheme. All three cases of calculation giveintensity arises from lattice distortion, it increases with in-
nearly the same result, indicating that the dgtates are little creasing JTD strength. To confirm this, we calculate the in-
influenced by the details of thed3states, in agreement tensity with changing the JTD strength. Figure 8 shows the
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' ' level. Since the intensity disappears without the SOI, the

-‘% LA present result indicates that the spectra arises not from the
E B 1 spin polarization but from the orbital polarization concerning
S L 1 complex wave functions in thepdstates. On the other hand,
BT 1 the spectra change little with turning off the SOI from the 3
8 states. This indicates that thel ®rbital moment has no role
f - . in inducing the 4 orbital polarization. This situation is dif-
3 * ] ferent from our previous finding in the study of the magnetic
& . . . ‘ RXS in CoO and NiO that the g orbital polarization is

0.1 02 03 0.4 induced by the @ orbital moment through the mixing of the

I-s A 4p states with the 8 states ofneighboringtransition-metal

; ; ; ; i 21,22
FIG. 8. Peak intensity of RXS spectra on (331) with varying '0NS a_nd the intra-atomic p+3d Coulomb mteractloﬁ:
JTD strength. The values oh and | +s are fixed at 1.962 and This difference may come from the fact that theé 8rbital

4.141 A, respectively. The circle indicated by an arrow is the resuffoment is about one-third of that in NiO and one-tenth of
for the actual value of—s at room temperature. that in CoO. Furthermore, the mixing effect may become
smaller than in NiO and CoO, since F atoms always inter-
intensity of the peak ak w==8995 eV as a function df-s  Vene between neighboring Cu sites. Closely related is the
(the values ofm and| +s are kept to be 1.962 and 4.141 A, Phenomenon of the magnetic circular dichroism in the
respectively. Having set out MT sphere nearly touching K—edge absorption in fer.romagne'tlc metals Fe, Co, ant Ni.
each other, we can hardly increase the distortion more. Thi this case, the g orbital polarization was found to be
intensity monotonically increases with increasing values ofduced by the 8 orbital moment through the pt mixing
| —s, consistent with the above observation. It has been opWith the 3d states aneighboringsites:™ N _
served in the experiment that the intensity increases by a We have also calculated the RXS intensities on orbital
factor of 2 with temperature going through the magneticsuperlattlce.Spots. The spectra are independent of whether
phase transition temperature, and this behavior has been iH1€ System is in the AFM phase or the FM phase, and of the
terpreted as a consequence of a strong coupling between otd orbital order. We have explicitly shown that the spectra
bital and spin degrees of freeddriThe result that the spec- aré mainly controlled by the lattice distortion through the
tra are mainly controlled by lattice distortion indicates thatc@lculation with varying JTD strengths. The present result is
the lattice distortion becomes large in the magnetic phas€onsistent W'tzh }Qe previous studies of the RXS on transition-
The direct determination of lattice parameters have not beefietal oxides~*° but shows contrast with the RXS around

carried out yet. the L, edge in the quadrupole ordering phase of the rare-
earth compound Ce3 where the spectra seem to be directly
V. CONCLUDING REMARKS controlled by the quadrupole ord&f33

We have calculated the RXS spectra aroundktezlge of
Cu in KCuF; on the basis of thab initio calculation, that is,
the FLAPW method in the LDA U scheme. The lattice dis- We have used the FLAPW code developed by N. Ha-
tortion is introduced as inputs of calculation. We have ob-mada. We thank him for allowing to use his code. This work
tained finite intensities on magnetic superlattice spots by takwas partially supported by a Grant-in-Aid for Scientific Re-
ing account of the SOI. This seems to be the first result tsearch from the Ministry of Education, Culture, Sports, Sci-
have evaluated the magnetic RXS spectra in dbeinitio  ence, and Technology, Japan.
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