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Polarized x-ray absorption spectra of CuGeQ at the Cu and GeK edges
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Polarized x-ray absorption near edge structaANES) spectra at both the Cu and ®Beedges of CuGeQ
are measured and calculated relying on the real-space multiple-scattering formalism within a one-electron
approach. The polarization components are resolved not only in the unit cell coordinate syteme| b,
g| c) but also in a local frame attached to the nearest neighborhood of the photoabsorbing Cu atom. In that
way, features which resist a particular theoretical description can be identified. We have found that it is the
out-of-CuQ-planep,, component which defies the one-electron calculation based on the muffin-tin potential.
For the GeK edge XANES, the agreement between the theory and the experiment appears to be better for those
polarization components which probe more compact local surroundings than for those which probe regions
with lower atomic density.
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[. INTRODUCTION et al® compared the lowest in energy part of their spectra
with densities of states around oxygen atoms as provided by
The main incentive for studying CuGg@omes from the many-body calculations of Villafioritat al® No attempts to
fact that it exhibits a spin-Peierls transitibApart from this, ~ calculate the spectra in the whole XANES range were made
it is a member of the very interesting family of copper ox- in either Ref. 8 or Ref. 9. Relying on quantitative arguments
ides, which displays a manifold of outstanding physicaland on analogies with spectra of other compounds, Cruz
properties. X-ray absorption spectroscdpAS) is a conve- et al® suggested a many-body interpretation of the main Cu
nient tool for investigating low-lying unoccupied electron K edge XANES peak splitting.
states, due to its chemical and angular selectivity. This is Due to the presence of strong electron correlations in
especially important for compounds, where, by exploringCuGeQ, a one-particle approach apparently cannot be fully
different absorption edges, XAS is able to provide a compre-
hensive picture of the local electronic structure of the mate-
rial in question. Further details can be obtained by analyzing | e €= [-0.588,0.0,0.809]
polarized (i.e., angular-dependenspectra, as in this way unit cell - — €= [-0.707,0.707,0.0]
features which would be obscured in unpolarized spectra can reference frame — — ¢=[-0.707,0.0,0.707]
be observed. Also, comparison with polarized experimental === ¢=[0.0,1.0,0.0]
X-ray absorption spectra poses a much more stringent test to .8 - — =10.0,0.0,1.0]
original
the theory’ raw spectra
CuGeQ has an orthorhombic crystal structtireith a p
=4.80 A, b=8.48 A, andc=2.94 A (space group no. 51,
labeledPbmmor Dgh), therefore, its polarized spectra gen-
erated by dipole transitions can be decomposed into three
partial spectral componeritaVhile all Cu and Ge atoms are
equivalent within the symmetry properties of the lattice,
there are two distinct O sites in the CuGg@ystal. Instruc-
tive pictures of the CuGeOstructure can be found in Fig. 1
of Ref. 5, Fig. 1 of Ref. 6 or, from a more local point of view, /
in Fig. 1 of Ref. 7. S E S N
In the past, x-ray absorption near-edge structure 8980 8f9.9° dent 9000 9010
(XANES) of the¢| b ande| ¢ polarized components at the energy of incident x-rays  [eV]
CuK edge were measured by Cretzal® and polarized X FIG. 1. Measured XANES curves at the Cu edge of Cugie®
edge spectra were measured by Corraéinal® No mea-  several representative orientations of the polarization veoigth
surement of the GK edge XANES has been reported so far. respect to the CuGeQmonocrystal. The projected components of
Cruz et al® performed a theoretical analysis of the prepeakihe svector on the crystal unit cell axess b, andc are written in
relying on their many-body cluster calculation, Corradini square parentheses in the legend.

units]

Cu K-edge XANES [arb
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trusted for describing the states at the bottom of the conduc- [~ — © - ~ ~ ~  ~ = = 1

tion band(pre-edge region, photoelectron enefgg5ev | ... = [0.588,0.809,0.0]
above the thresholdIt may be worthwhile, however, to ap- unit cell - = = [-0.707,0.707,0.0]
ply the one-particle formalism based on the local density 2| reference frame — — = [-0.707,0.0,0.707]
approximation(LDA) to the rest of the XANES region. One --= ¢=[0.0,1.0,0.0]
would be then able to complement qualitative and empirical original — ¢=[0.0,0.0,1.0]

arguments, which have been applied for interpreting
CuGeQ spectra in this energy domain so far, with a
material-specifi@b initio approach.

In our study, we investigate polarized XANES spectra at
the CuK edge and the GK edge, both experimentally and
theoretically. By recording the spectra for several orienta-
tions of the crystal with respect to the x-ray polarization
vectore, we are able to explore not only thdlb ande|c
polarizations analyzed by Cr al.® but also the remaining
e/la component. Our theoretical treatment is based on the A
multiple-scattering formalism in the real space. For a more TR T R
comprehensive insight into the physical nature of the elec- energy of incident x-rays [eV]
tron states probed by the Guedge XANES, we resolve the
polarization components not only in the unit cell coordinate
system but also in a local reference frame attached to th
coordination polyhedron of the photoabsorbing Cu atom. I
that way, features which defy a particular theoretical descrip-
tion can be specifically identified. As we include also the Ge
edge into our study, a complete view of the structure of un- Theoretical foundations needed for extracting symmetry-

occupied electron states in CuGe@s seen from the copper, resolved partial spectral components of x-ray absorption
germanium, and oxygérsites emerges finally. spectra were outlined by Brouden an extensive way. For

an orthorhombic crystal, in particular, any polarized x-ray
absorption spectrum can be decomposed into a weighted sum
of three independent partial spectral compongimghe di-

pole approximation These partial spectral components can
A. Experiment be chosen so that they correspond to the polarized spectra

We used an experimental setup very similar to that de_recorded with thesvectors parallel to each of the crystal

scribed in a greater detail in our previous publicatipfs. o> Hence, the dIDOI? part of any linearly polarized spec-
trum can be written &s

The layered structure of CuGg@llows to prepare a sample

for x-ray transmission experiments through splitting a single- o 2 5

crystal slab into thin plates perpendicular to the unit cell MD=Px8xt Pyey T P22y, (1)

directiona. A plate of about & 4x0.03 mn? was separated h q tesi s of th |

from the slab by means of usual scalpel, and immediatelﬁaﬁgi‘e)\(/‘eigdran ;nz dare car es;g com%(;?]i?es t%e eaﬁ(i)a?r-

used as the sample. The experiments were carried out at the & Px: Py, Pz, P

bea s A and EARASYLAB, DESY) cqupped wih Poct) SOTDTEIIEer Sesinelon eects e sore
an S{111) two crystal monochromator. For detection of the

) L _ can be transformed into the tensor form presented by
x-ray intensities in front of and behind the sample plate’BroudeF by simple algebraic manipulations
usual ionization chambers were used. The sample plate was By inverting Eq.(1) for a triad of measured spectra, the

positioned in a PC-controlled goniometer, allowing three perpartial spectral components in a unit cell reference frame can
pendicular rotations. In that way, several polarized spectrgg extractedi.e., we takex||a, y||b, andz||c—see Fig. 3 for

for various orientations of the polarization vectowith re- 5 schematic depictionThe results of such a decomposition
spect to the sample were recorded. In order to separate thg experimental spectra are shown in the lower graphs of Fig.
absorption resulting from th& transitions exclusively, we 4(a) for the CuK edge and of Fig. 5 for the G¢ edge. We
used a subtraction of the background functiqi) = a/E* checked that the partial spectral components obtained in this
+b/E3+ c after Victoreen. All the spectra were corrected for way do not depend on the particular choice of the triad of
an equivalent effective sample thickness, with an additionaéxperimental spectra which was involved in inversion of Eq.
matching normalization of max5% in the remote extended (1) (also see Refs. 2 and 11 for a more thorough discugsion
x-ray absorption fine structure region. Some of the measure@ur p, andp, components of the CK edge XANES are in
curves are displayed in Fig.(Cu edge¢ and Fig. 2(Ge edgeé  a good agreement with the correspondiri@p ande|/c com-

for several representative orientations of the polarizatiorponents measured by Cruztal® The remaining
vector ewith respect to the CuGefnonocrystal. px component cannot be measured directly for a crystal

raw spectra

Ge K-edge XANES [arb. units]

FIG. 2. Measured XANES curves at the Ge edge of Cug&Se®
%everal representative polarization vectors. This drawing is analo-
ous to Fig. 1.

B. Symmetry decomposition

II. RESULTS
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X tributions in the prepeaks at 8977 and 11089 eV, and even to
oc.u estimate the angular character of the quadrupole parts, analo-
OGe gou;ly as it was (.jone. for Cub.However, the prepeak |n
o1 tensity is too low in this case to allow a reliable analysis of
902 this kind. Therefore, we limit ourselves to exploring dipole
transitions exclusively.
4 y In order to obtain a better physical insight into the nature

of the some spectral features, one may attempt to perform the
spectral decomposition in other coordinate frames as well. In
particular, this might be especially useful in a reference
frame which reflects théocal symmetry around the photo-
absorbing site. Although Ed1) is strictly valid in the unit
cell reference frame only, it has been demonstrated that a
consistent resolving of partial spectral components may be
possible in local reference frames as well, provided that the
coordinate axes are chosen in a suitable Wane can make
ana posterioricheck whether the coordinate frame was cho-
sen in a suitable way or not by performing the inversion of
Eqg. (1) for several independent triads of measured spectra.
Only if the partial spectral components obtained from differ-
ent sets of data coincide is the corresponding coordinate sys-
FIG. 3. A schematic depiction of the unit cell reference frametem a “good” one. The physical interpretation of partial
we use for decomposing the polarized spectra. The unit cell igomponents in such a local-symmetry-adapted system is of-
drawn in the center of the plot. Atoms belonging to eight CugeO ten more transparent than in the case of a unit cell reference
unit cells are shown in total. The symbols O1 and O2 used in thgrgme, and may be more suitable for comparing spectra at
legend refer to two inequivalent oxygen sites. Note that in thisabsorption edges of atoms of the same element in different
reference frame one haga, y||b, andz|c, as indicated. compounds.

The nearest neighborhood of Cu in CuGe® similar to
cleaved parallel to thébc plane, and is best accessible that of other copper oxides: Copper is in the center of an
through the kind of decomposition we performed here. oxygen rectangle. Four nearest oxygens at a distance of 1.93

By considering the quadrupole transitions as well, oned form its corners, the sides of the rectangle are 2.50 and
might be able to separate the dipole and the quadrupole co2-94 A long, respectively. As can be seen from Fig. 3, there

local CuO —related reference frame

cell reference frame

——c|z

Cu K-edge XANES [arb. units]
Cu K-edge XANES [arb. units]

experiment

experiment

1 1 1 1 n 1 1 n 1 1 n 1 1 n 1 1 1 1 1 1 1 1 1 n 1 1 1 1 1 1 1 1 1 1 1 1 n
8980 8990 9000 9010 8980 8990 9000 9010
energy of incident x-rays [eV] energy of incident x-rays [eV]

FIG. 4. (a) Experimentaklower graph and theoreticalupper graphCu K edge polarized XANES partial spectral componemys py ,
and p, resolved in a unit cell reference frami) Experimental(lower graph and theoreticalupper graph Cu K edge partial spectral
components,, py,, andp,, resolved in a local reference frame attached to the nearest Cu neighborhood. The theoretical curves were
obtained for a cluster of 167 atoms, taking into account a relaxed and screened core hole.
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FIG. 6. The local reference frame used for resolving partial
spectral components,, , py., andp,, in this paper. The’ andy’
axes are perpendicular to each other,zhexis is perpendicular to
the plane of the Curectangle.

CuQ, rectangle(the partial components derived from differ-
ent sets of measured spectra do not coincide in that).case
Hence the situation is just opposite to the case of CuO,
where the partial components could be consistently resolved
in a local reference frame only if the’ andy’ axes were
parallel to the sides of the Cu@arallelogram! We did not
attempt to decompose the Ge spectra in a local reference
frame as our primary concern is the Cu edge in relation to
spectra of other copper oxides.

Ge K-edge XANES [arb. units]

experiment

C. Theory
L 1 L L L L 1 L L L L 1 L L L L
11090 11100 11110 11120 Theoretical CuK edge and Ge&K edge partial spectral
energy of incident x-rays [eV] components were evaluated by calculating XANES spectra

G . | dth ) with the polarization vectogbeing pointed to relevant direc-
FIG. 5. Experimenta(lower graph and theoreticaltwo upper  i5s - Self-consistent scattering potentials were taken over

graphg Ge K edge XANES partial spectral componeigts, py , from self-consistent-field SCR« molecular calculatior$
and p, resolved in a unit cell reference frame. Theoretical curves,

obtained for a cluster of 169 atoms are shown both for a éor clusters of 15-24 atoms, employing an amengedcr
: groun bk (also see Ref. 14 The results

state potentia{no core holg¢ as well as for the case when a relaxed code of Cﬁse and Co -

and screened core hole is taken into account. prgsented in upper graphs (_)f Figs. 4 a_nd 5 were calculated
using the real-space multiple-scatterin@®S-MS form-
alism?!® employing clusters of 167 and 169 atoms for the Cu

are actually two interpenetrating networks of Gu@ct- and Ge edges, respectively. These calculations were done

angles in a CuGegxrystal, tilted one to another at an angle using thersmscode, which is an amended descendant of the

of 69°. Thus one has to take into account when inverting EqicxaNes code® and is maintained by our grodp.A few

(1) that the measured spectra reflect in fact an average ovefiore technical details about our implementation of the

Cu sites belonging to two different systems. A similar situa-RS-MS technique can be found elsewh&r In order to

tion arises, e.g., in a pure copper oxide C(Ref. 1. We  verify the robustness of our results, we compared the results

have found that the local partial spectral compongnts  obtained by our codes and by the selfconsiskerescode?®

pys, andp,, at the CuK edge XANES can be consistently (version 8.10. Both code packages rely on a bit different

resolved in a local reference frame where theaxis is per-  implementations of the one-electron multiple-scattering for-

pendicular to the Cu@plane, thex’ axis coincides with a malism: e.g., the interstitial region is suppressed in the stage

Cu-O bond, and thg’ axis is perpendicular to botk’ and  of finding the self-consistent potential in tlFEFF8 code

z' axes, meaning that it lies in the Cy@lane and holds a while we use a proper muffin-tin formalism and Norman

9° angle with another Cu-O bond. A schematic drawing ofmuffin-tin sphere radii are employed #EFF8 while we use

the orientation of this local reference frame with respect tomatching-potential radii. Despite these differences, both

the CuQ rectangle is shown in Fig. 6. Partial spectral com-codes gave similar results for identical clustesg used 95

ponents resolved in the local reference frame are displayed iatoms for Cu edge spectra and 91 atoms for Ge edge spectra

Fig. 4(b). It should be noted that a consistent decompositiorin this comparative study The main difference consisted in

of CuK edge XANES in CuGe@cannot be obtained if one up to 20% lower intensities of some low-energy (

chooses the local’ andy’ axes parallel to the sides of the <25 eV) spectral peaks for theerFrs code, thus giving a
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worse agreement with experiment than @asCrF andrRSMS  ever, only thep, component, probing states parallel to the
codes. We did not try to optimizeerrginput parameters t0  ayis. is reproduced by the theory as concerns the number of
identify the source of this difference; our goal has been Jusfeatures(shoulders at 8986 and 8993 eV and peaks at 8997,

to tChECk 'Z‘hat the two co?e;, A?\IOEQOt Iea;j to clon;tr?d(ijct?r)goool and 9008 eV at the experimental cur¥Beir positions
pictures. A comparison of A7 Spectra calculated 1or iihin 1_» e\), and relative intensities. The reason why the
various settings of the muffin-tin potential parameters can b

found, e.g., in Ref. 2. Wwo peaks of the main doublet m, are not clearly separated

The XANES calculations for 167/169-atom clusters werein the experimenteither ours or that of Cruet al?) is not

performed both without any core hole and with a relaxed an(fle_ar' It may be a consequence of experimental energy reso-
screened core hole taken into accolire., a Is electron was ution (most probably arising from the so called thickness

removed from the central atom and put among the valencgffect—absorption maxima are suppressed and consequently
electrons, and only thereafter was the electronic structure gimeared for thick samplesr it may stem from a smearing
the cluster self-consistently calculajetleither choice leads caused by many-body effects, not accounted for by our
to an essentially better agreement between the theory arifieory. The other two experimental componepfsand p,
experiment than the other one. Generally, the core hole inséeém to include an ingredient which defies our theoretical
creases the intensity of peaks at the low-energy part of théescription substantially more than is the case of phe
spectra. This effect is not significant at the Cu edge so weomponent.
display only the results of the calculation which takes the Cruzet al® interpret the CIK edge XANES of CuGe®
core hole into consideration in Fig.(#he intensities of the- in this energy range by semiquantitative arguments, relying
oretical peaks at 8993 eV for thgg, component and at 8997 on comparison with Cu spectra of 4@uQ, and CuO. They
eV for the p, component would be about 10% lower if the suggest an essentially many-body interpretation of dominant
core hole was neglectedit the Ge edge the core hole effect spectral features: The double structure of the main peaks at
is more significant so we display both sets of curves in Fig8987 and 8993 eV for the, component and at 8997 and
5. It appears that including the core hole actually “overcor-9000 eV for thep, componen{see Fig. 4a)] is ascribed to
rects” the ground state results, in this case, and consequenttyansitions to well-screened final states followed by satellite
does not give rise to distinctly better agreement betweetransitions to poorly screened states. The success of our one-
theory and experiment for the Ge edge XANES. electron LDA-type computation to describe at least the

We made analogous calculations for non-self-consistentomponent correctly seems to contradict this point of view.
potentials constructed according to the Mattheiss prescripof course, no definite conclusion regarding the one-electron
tion (superposition of potentials and charge densities of isoer many-body nature of the main, peak splitting can be
lated atomy too. As could be anticipated, self-consistent po-made until a proper many-body calculation is done.
tentials give rise to theoretical spectra which agree better As noted above, the experimental and p, components
with experiment than in the case of non-self-consistent poin Fig. 4(a) display more serious deviations from the one-
tentials; however, the improvement is not an essential oneslectron theory than thp, component. In order to identify
All distinct spectral features that can be observed at the thethe source of these deviations, it might be useful to explore
oretical curves in Figs. 4 and 5 are also present in correthe partial spectral components in the local reference frame.
sponding spectra obtained for non-self-consistent potentialsndeed, if we compare the theoretical and experimental
with peak positions and intensities differing no more thancurves in Fig. 4b), it emerges clearly that the primary source
~20% (we do not show those curves for breyitfhus use of discrepancy between the theory and the experiment lies
of self-consistent potentials is not crucial for our study. mainly outside theCuQ, plane The peak positions and rela-

The alignment in energy of the theoretical curves shownive intensities of the,, andp,, components are reproduced
in Figs. 4 and 5 was set so that the best overall agreemem, theory with a similar accuracy as was the case withpthe
between theory and experiment is achieved. All theoreticabomponent in the cell reference frame. The absence in the
curves were convoluted with a Lorentzian function of theexperiment of a well-defined doublet structure of the main
width w given by theansatz w=w.+0.03XE, where the peak at 8997-9004 eV is probably caused by the same
constant partv, accounts for the core hole lifetirfftand the  mechanism as a similar situation with the gejlcomponent
energy-dependent part mimics the finite lifetime of a photo-mentioned above. The local,, component is described by
electron with an energ§. The factor 0.03 was chosen just the theory significantly worse than the loga}, and Py
by convenience—we did not attempt to achieve the best pogomponents, especially as concerns the fine structure of the
sible agreement between theory and experiment by optimizpeak at 8988—-8992 eV in Fig(i#).
ing the smearing function. Having this in mind, one can reassess the situation in the
unit cell reference frame: As the axis runs parallel to the
CuQ, plane, thep, component probes solely states lying
within this plane and, hence, can be correctly characterized

Let us concentrate first on the Gluedge in the unit cell by the theory(cf. Fig. 3. On the contrary, thes, and p,
reference frame, where a partial comparison with the work oEomponents probe states lying within the Guilane as well
Cruz et al® is possible. As can be seen from Fida¥ our  as states reaching perpendicular to it. It is the perpendicular-
calculation describes the gross shape of the three compds-CuQ, admixture into these components which spoils the
nentsp,, p,, andp, and their polarization splittings. How- agreement between theory and experiment. Without this mix-

Ill. DISCUSSION
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ing, one could have expected for Figiata similar agree- potential than for a self-consistent offéSo we think that we
ment between the theory and experiment, as can be seendannot draw really reliable conclusions regarding the pre-
Fig. 4(b) for the p,, andp,, components. edge region and, consequently, do not even display the cor-
The failure of the theory to describe tpe: component in  responding “quadrupole—included” curves here.

the local reference frame is not a total one: The theory ac- The GeK edge is decomposed in the unit cell reference
counts for the general trends of the spectral curve such as frame in Fig. 5. As noted already in Sec. Il C, the best agree-
the existence of a well-separated maximum at 8988—-899hent between theory and experiment would be attained for
eV followed by a broad structure around 9008 eV. The mosturves lying somewhat between the data obtained when the
notable deficiency of the theory for this polarization is notcore hole is present and when it is neglected. Both calcula-
reproducing the double-peak structure at 8988 and 8992 eYons account for the strong polarizatitire., angulay depen-
This failure then transforms into deficiencies in describingyence of the experimental curves fairly well. However, not

the unit cellp, and py, components in this energy region. 4 components are described by the theory with the same
S_econd, the f'f‘e structure of the second broad feaposi- ccuracy. The main peak of tigg component is too broad in
tions and relative intensities of submaxima at 9003 and 900 e calculated spectra, and neither the fine oscillations seen

eV} is not correctly reproduced by our calculation. in the experimentap, curve are reproduced by the theory

At this point, it is difficult to identify the reason for this ; . : . .
deficiency for the theory more specifically. One could makeappropnatel;(though including the core hole improves this a

use of the analogy with L&uQ,, where the theory also E't)' The rr;]aln doubl_et mft_hqay col:nponent IS rﬁproduct_ad;
describes the states within the Cu-O layers fairly accurately owever, the separation of its peaks Is 5 €V in the experiment

but fails in describing XANES components perpendicular to@"d 6 eV in the theory. At thp, component, the calculation
that layer?2 Guo et al?! attributed this failure to the pres- Without the core hole reproduces the 11101- 44d10-eV
ence of shake-up satellite peaks in,CaO, spectra, and experimental peaks both in positions and relative intensities,
presented p|ausib|e arguments for their view. However, thd,USt the 11105-eV shoulder is miSSing in the calculated curve.
situation may be different for CuGgOAmong others, the If the core hole is included, the low-energy shoulder at 11099
failure of the theory for the out-of-plane XANES compo- €V of the theoreticap, curve is drastically increased, thus
nents appears to be much more dramatic foydue0, than ~ worsening the agreement with experiment. It seems therefore
for CuGeQ (a whole peak missing in L&uQ, spectrum vs that a proper description of the core hole effect at the Ge
an inverted double-peak intensity in CuGgGpectrun. edge of CuGe@ has to go beyond the static relaxed and
Since the calculations of LEUO, spectra®??as well as our  screened model. We did not try to employ other simple—less
RS-MS calculation of CuUGeOXANES rely on the muffin-  frequently used—prescriptions for core hole treatn{ente-
tin approximation, one cannot rule out full-potential effectslaxed and/or unscreened hphes they have not worked well
as the main culprits. Intuitively one would expect non-with other non-metallic systends.
muffin-tin corrections to be more important for the more Overall it appears that the best agreement between theory
loose out-of-plane states than for the states in the morand experiment has been achieved for #fe component
closely-packed plane of CuQectangles, so this explanation p,, next comes the|b curve and, finally, worst agreement
would be in accord with our results. In any case this questiomccurs for thes|ja componenp, . Although we are unable to
seems to remain open. find unambiguously what is the reason for this “hierarchi-
As can be seen from Fig. 4, the prepeak at thekGadge  cal” behavior, we believe that the degree of packing of the
appears to be reproduced at the correct position even if quadeighborhood of Ge atoms in various directions may be a
rupole transitions are neglected in the calculation. We verifactor. That is, the Ge atoms are nearly tetrahedrally coordi-
fied that if the quadrupole transitions are included, they armated by four O atoms at 1.74-1.79 A and theb, andc
completely negligible in the whole energy range except fordirections hold different angles with those oxygens. Ehe
the pre-edge region around 8977 eV, where they contributdirection avoids the tetrahedron corners as much as possible,
with approximately the same intensity as the dipole transiholding a 54° angle with all the Ge-O bonds. The minimum
tions. This might serve as an indication of a mixed dipole-angle between the and c directions and any of the Ge-O
qguadrupole nature of the prepeak at the Ruedge of bonds is 36°, on the other hand. Moreover, thdirection
CuGeQ; however, one should be quite cautious about thigpoints exactly to the Ge atoms which form the second coor-
issue as the successful reproduction of the pre-peak positiatination shell around germanium at 2.94 A. Hence a rule of
by our calculation may be just a fortuitous coincidence: Thehumb emerges that the more open the local geometry probed
pre-edge XANES intensity crucially depends on the energyy a particular spectral compongmy, p,, or p,, the worse
position of the onset of unoccupied states and on the struche agreement between theory and experiment at th& Ge
ture of electronic states very close to this onset. This kind okdge that arises. A possible explanation of this correlation
information cannot be reliably obtained via an LDA-type might rest with the muffin-tin approximation we employ, as
calculation for a strongly-correlated material such asnon-muffin-tin effects are expected to be more significant at
CuGeQ (see Refs. 23 and 24 for LDA calculations of elec- open geometries than at close ones.
tronic structure of CuGe$) and Refs. 6 and 7 for calcula- Experimental XANES spectra at thekOedge of CuGe@
tions going beyond the LDA Note that, e.g., in the case of were presented by Corradiet al® and by Aguiet al2® for
CuO the agreement between theory and experiment in thenergies up to 25 eV above the absorption threshold. The
pre-edge region is seemingly better for a non-self-consistentterpretation of O edge spectra is complicated by the fact
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that there are two inequivalent oxygen sites in CugeO seems that strong electron correlations in this type of com-

meaning that one actually sees a superposition of two edgd¥und need not be so crucial at photoelectron eneafiese
in the experiment. We attempted to reproduce the polarizat"€ Pre-edgecontrary to what has been generally anticipated

tion dependence of the ® edge spectra measured by Cor- So far
radini et al® by a RS-MS calculation for the same self-
consistent potential which we employed for calculating the IV. CONCLUSIONS

curves displayed in Fi_gs. 4_and 5. The energy shift between Tha main features of polarized Guedge and G& edge

the edges of the two inequivalent oxygens was set by hanaNES of CuGeQ can be described fairly well within the

as there are several factors affecting its value which cann@ne-electron framework. Contrary to earlier suggest

be described with a sufficient accuracy by an LDA-type cal-main peak splitting for the| ¢ polarization at the CK edge
culation (a brief discussion of those effects can be found,can be correctly reproduced within the one-electron LDA-
e.g., in Ref. 9. We have found that there is no suitable valuetype approaclino need for superpositioning of well-screened
of such a shift which would lead to the reproduction of theand poorly-screened staje$he source of the remaining dis-
two distinct polarization-dependent peaks within the first 3crepancies between theory and experiment at thé&K @dge

eV above the OK edge threshold, as observed in the XANES can be better identified and understood if the polar-
experiment. On the other hand, the relatively broad mainized spectra are decomposed in the local reference frame
peak at 5-10 eV above the threshold does not exhibit angittached to the nearest Cu neighborhood rather than in the
distinct angular-dependent features at all and, consequentlynit cell reference frame. We have found that it is the out-of-
can be at least roughly reproduced for several different valcUQs-plane p,, component which defies the one-electron
ues of the energy shift between the two O edges, offerind;qs'MS calculation for a muffin-tin potential. For the Ge
thus no clue for its proper value. We do not display the€d9e XANES, the agreement between the theory and the
results here for brevity, concluding that our calculation can£XPeriment appears to be better for those polarization com-
not be used as a guide for interpreting the polarization deP2Nents which probe more compact local surroundings than
pendence of the ®& edge absorption spectrum of CuGeO for those whlgh are directed to the interstitial parts of the_
Strong electron correlations, unaccounted for by the LDAcrystaI. Incluc_ilng .the core hole affects the Ge edge theoreti-
framework, seem to be the most probable explanation for th&2! SPectra significantly more than at the Cu edge and, to a
failure of our calculations to reproduce the polarizedko Certain degree, leads to a worse agreement with Ge edge

edge XANES close to the threshold. Note that for that reasoff XPEriment in.comparison with the case when the core hole

(the unreliability of the LDA at the x-ray absorption thresh- 'S neglected.

old in CuGeQ) we do not discuss the pre-peaks at the Cu

and Ge edges in detail either. On the other hand, those parts

of the spectra which correspond to photoelectron energies The theoretical part of this work was supported by grant

higher thanE=5 eV can be at least partially described by a202/02/0841 of the Grant Agency of the Czech Republic.

one-electron LDA-type approach, as demonstrated abov&he experimental part was supported by Hamburger Syn-

(Figs. 4 and & chrotronstrahlungslabor HASYLAB Project No. 11-98-058.
The fact that a relatively simple theory appears to be abl@he use of thecRYSTIN structural databaséRef. 27 was

to reproduce gross trends in XANES of an insulating, prob{inanced by grant 203/02/0436 of the Grant Agency of the

ably charge-transfer oxide is quite surprising on its own. ItCzech Republic.
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