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Theoretical analysis of the magnetic circular dichroism
in the 2p3d and 2p4d x-ray emission of Gd
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The 2p3d and P4d x-ray emission spectral shapes have been calculated using a theoretical description of
spin-polarized p photoemission and atomic multiplet calculations of th#3& and 2p4d radiative decay.
Emphasis is given to the use of circular-polarized x rays for the excitation process. Good agreement with
experiment is found and all visible experimental structures can be explained. It is shown that because of weak
multiplet effects in the intermediate state, it is possible to use the incoherent, two-step model. The angle
between the emitted rays and the magnetization is able to affect the magnetic circular dichi(d&DD)
spectral shape observed, while the angle between the incident x ray and the magnetization only affects the
intensity of the MCD[S0163-182@7)01336-3

[. INTRODUCTION Gd metal at excitation energies above thp absorption
edge, for which our calculations can be directly compared to
Due to the presence of more intense synchrotron radiatiogxisting experimental results.The emission process is de-
sources{resonant x-ray emission has become an importantscribed by a combination off2photoemission and thep3d
technique to study the electronic and magnetic structure oind 204d radiative decay, respectively, while additional ef-
solids. A large amount of experimental results have beeffects at the P resonance are not dealt with quantitatively.
published in recent years, both on transition metal comThese results can be compared to existing experimental re-
pounds and rare earths. Experiments aht@nsition metal ~ Sults. We start in Sec. Il by introducing step by step the
compounds include thesBp x-ray emission K 3),1* the theoretical concepts Wlthl_n th_e two-step, or mcoh_erent
1s2p x-ray emission Ka) (Ref. § and the »3d resonant model. In Se(_:. la comparison is made with th_e experimen-
x-ray emissior?1%In the case of rare earth systems, experi-tal data and in the discussidBec. V) we describe the an-
e ke e 84 and Gt resonant ey SUSSepence of e x1ay s poces, Fnal.
emission>'? and the »3d and 24d resonant x-ray :

emission3~1° A few studies have been carried out with the
use of circular polarizatiof”*®

The theoretical description gfesonantx-ray emission is Gd is described with an atomic model, only including the
complex and contains many ingrediefts? The main goal  seven 4 electrons in their Hund’s rule ground stdts. The
of the present paper is to try to describe all these aspects intensity of the resonant x-ray emission process is given by
some detail. With that in mind the paper is written in a rather
didactical form, introducing step by step the necessary ingre- | -3
dients. The two important aspects of the theoretical descrip- (hoho’) ™
tion are (1) the phenomenon of resonant x-ray emission as . ] ]
described by a second order optical process, @dthe  Where the_sum extends over the_ mcom!mg @nd emitted
dominance of multiplet effects for core hole states in(d’) polarizations.Fqq is described with the Kramers-
strongly correlated systems such as transition metals and raf€isenberg formula’
earths. The second order process implies the possibility of i L )
strong interference effects, intrinsic angular dependent ef- (¢1|Cy | (Bl C§ )|¢o>’
fects (i.e., independent of the sample symmegtrgind the FGI’QZ;f ; Eotho—E,—il, ’ ' )
process known as resonant Raman scattering, the scattering *
via virtual excitations. The consequences of multiplet effectsvhere gy is the 47(8S) ground state. The intermediate state
are a complex spectral shape plus a complex resonance, is approximated as [P4f’s,. The final states are
interference behavior. reached via p3d and 2o04d dipole transitions, implying fi-

In the present paper we will concentrate on the theoreticahal states such asd34f’s4, etc. The dipole transition op-
description of the p3d and 24d x-ray emission spectra of erator is given with the normalized spherical harmonics

II. THEORY

> Fqq O iho—E-hor (D
q'=0x19=*1 ' 0
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clM, in the following abbreviated t€,. We take the mag- ments, the MCD being positive ify(,p is positive. This is
netic field direction, along the sample surface and in thén contrast to the spin-polarized signal which follows the
plane of the incident x-ray and the surface normal, as th&pin moments, being positive for t states and negative
quantization axis. Then trepolarized x rays are denoted by for the 7P states?>?*1t is well knowr that the spin-up and
C, andx- andy-polarized x rays by linear combinations of spin-down spectra can be constructed from the high-spin
right circular polarized x-ray€, and left circular polarized °P-symmetry and the low-spidP-symmetry °4f7 inter-
x-rays C_,. The magnetic circular dichroisfMCD) spec- mediate states. ThéP-symmetry state relates for 100% to
trum is defined byF_1)—F-_1), taking the incident spin-up, while the’P-symmetry state relates for 8/9 to spin-
x-ray direction to be parallel to the magnetization of the Gddown and for 1/9 to spin-up. Thus the spin-up spectrum is
4f electrons. constructed from’P + 1/9 °P and the spin-down spectrum
If the intermediate states can be approximated as a singféom 8/9 °P, keeping the spin-up to spin-down ratio at 1:1.
state, or as independent states, the Kramers-Heisenberg fdks noted above, exactly the same is true for the MCD signal.
mula can be much simplified into a two-step formula remov-
ing all the complications of interference and giving an inten-
sity which is the product of x-ray absorption and x-ray
emission intensities: Using the single-particle picture also for the final states,
the 3d°%4f7 final state is split into its 8, and 3,, peaks.
2 Both are split by the 84f core-valence exchange, implying
FL’]q:% |<¢f|cq’|¢><>|2‘|<¢X|Cq|¢0>|2- 3 a splitting between spin-up peaks and spin-down peaks. As
discussed above, the MCD signal follows the orbital moment
Within this two-step model the [23d x-ray emission and t.he M_CD signal is revgrsed with respect to the spin-
spectral shape is given by th@d%4f’|C,|2p®4f7)|? matrix polarized signal for the &, final state. The result is a plus-
element. The matrix element of the excitation, involving themMinus MCD signal for the 8, peak and a minus-pius MCD
promotion of a D electron into a continuum state, enters Signal for the &5, peak™="=This model is able to explain
only as a constant. In the following, first the important ingre-the gross features of@d x-ray emission spectra. There are
dients of the Hamiltonian for the P4f7, 3d%f’, and however additional peaks and structures visible in the experi-
4d°+7 states are introduced. At the end of Sec. Il B the usdnent and moreover the intensities of the MCD spectra do not
of the two-step model will be justified and in Sec. Il C the €xactly follow the pattern as predicted from this model.

spectral shapes of the x-ray emission are described. ~ There are two, closely related, complications. First, the
interaction which was called “core-valence exchange” has

been presented as a simple exchange interaction, only able to
split the spin-up states from the spin-down states. In fact, the

The dominating interaction is the core level spin-orbit‘“core-valence exchange” is a result from the two-electron
coupling (), which splits each core level into two states Coulomb interactions, both exchan¢@d4f|1/r|4f3d) and
with an energy difference equal & for 2p and 3¢ for 3d direct(3d4f|1/r|3d4f). The radial integrals related to these
and 4d. The binding energies for thep2core states are, three interactions are the Slater integr@$®° and F%24
respectively,— 7243 eV for 23, and —7930 eV for Dy», which determine the energy positions of the various
split by 687 eV. The binding energies for the 8ore states symmetry-states of thed84f’ configuration. These inte-
is, respectively—1190 eV for 35, and —1222 eV for grals, calculated using the Hartree-Fock based Cowan
3ds,, split by 32 eV. For the case of ad4core state, the progrant® for a Gd atom, are given in Table .
spin-orbit coupling is smaller than thed4f and 4f4f ex- Above we did not consider thef4f interaction explic-
change interactions, hence it is not possible to distinguislitly, but assumed that Gd stayed in its Hunds rule ground
4ds,, from 4d;,, states. The averaged binding energy is ap-state. Like the 84f interaction, the #44f interaction gives
proximately— 143 eV. In a first approximation the respective rise to the Slater integral6%2*€ These 44f terms deter-
x-ray emission spectra are found at the binding energy difmine the complete energy scheme of tHé donfigurations.
ferences. For example, thegz,3ds, X-ray emission spec- Apart from the fact that they slightly increase upon creating
trum is found at—6053 eV, etc. a core hole(cf. Table ), the 4f” energy scheme is not ex-

In order to discuss the consequences of the use of circiypected to change. An important consequence is that the com-
larly polarized x rays we introduce an exchange splittingbination of the 44f exchange and thed3lf exchange gives
between the spin of the core state and the valence states. Ttise to 4f transitions from the 8 ground state symmetry to
valence spin is 7/2 and thep2core hole hassS=1/2. This  another symmetry state in the final state. This process creates
gives for each p%4f’ state a splitting intd5=4 andS=3 peaks at higher energies, hence satellites. This is no surprise
states. The @ photoemission process can be described in dor readers familiar with the @ and 4d x-ray absorption
one-electron picture because the €in-orbit is much larger spectra of Gd, which are completely dominated by multiplet
than the D4f exchange. This gives th& and °P configu-  effects and do show a large range of pe#ks.
rations of the p°4f’ states. Note that this approximation  In contrast to this, the 2-photoemission process can be
neglects all configurations other thdi$ of the seven #  described as # (8S) — 2p°4f7(8S)e4 and from Table | one
electrons, as will be justified below. finds that the p4f exchange integrals are about 0.2 eV,

Within this one electron picture, the MCD signal at the which should be compared with the large energy stabiliza-
2pa3, absorption edge is equivalent to the spin-polarizedion of the &S state due to the #4f exchange of the order of
signal®>??Note that the MCD signal follows the orbital mo- 7 to 15 eV. Because th#S state has an energy far below all

B. The inclusion of atomic multiplet effects

A. Spin-orbit coupling and core-valence exchange
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TABLE I. Spin-orbit couplings and the Slater integrals of the tifies the assumption to consider onlp2f7(8S) interme-
4f4f exchange and the cord-£xchange interactions, as calculated diate states. Actually this also justifies the use of the two-step

with a Hartree-Fock based program for all four configurations indi-model: if only the 8S symmetry states are included, no in-
cated. All calculations of the spectral shapes have been carried ogérference effects are possible.

using a 80% reduction of all Slater integrals.

C. The 2p3d and 2p4d x-ray emission spectral shapes

We will now give the results for the 83d and 2p4d
X-ray emission spectral shapes using the atomic multiplet

2p°4f7 3d°af7 4d%4£7 417

Spin-orbit coupling

& 478.6 12.4 2.2 model and the parameters as indicated in Table I. Figure 1
& 0.242 0.242 0.216 0.197  shows the p3d x-ray emission spectral shapes, that is the
4f4f exchange transition 2°4f’["9P]—3d%f’. Figure 1a) (bottom, lefy
F2 15.973 16.086 15.556 14505  Shows the P,,3d x-ray emission and Fig.(b) (top, lefY its
4 10.076 10.157 9816 9103 MCD. Lik_evx{ise, Fig. I'C) (bottom, righ) .shows the .23/23d
6 7 265 7395 7078 6.550 x-ray emission and Fig.(t) (top, righy its MCD. Figure 2
repeats these four spectra for the42l x-ray emission spec-
Core-4f exchange tral shapes. A Lorentzian broadening of 2.5 [gNIf width at
F2 2.100 10.303 17.056 half maximum(HWHM)] of and a Gaussian broadening of
F4 4.843 10.948 0.75 eV(HWHM) have been used for the broadened spectra.
Gl 0.225 7.451 20.107 The Lorentzian broadening is given both by the lifetime
G3 0.145 4.370 12.693 broadening of the @ hole (about 2.0 eV and the lifetime
G5 3.019 8.995 broadening of the & hole (approximated to 0.5 eV The

Gaussian broadening has been chosen to compare the results
directly with experiment. The spectra are given with a nega-
other states and thepZf exchange is relatively small all tive energy axis, indicating that the energy is released from
intensity goes to the (P47 state with the 4 electrons in  the system in the x-ray emission process.

their 8S configuration. The actual calculation of the  The main peak of Fig. (t) is the 205,3ds, spectrum.
2p-photoemission process confirms that the intensity toThe six equidistant large sticks of this spectrum relate to
states other thafiS is less than 0.1% of the total. This jus- 3d°4’ states which contain thef4electrons in theifS con-
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FIG. 1. The 23d x-ray emission spectral shapéa). 2p,,,3d x-ray emission(b) 2p;,,3d MCD, (c) 2p3»3d x-ray emission(d) 2p,,,3d
MCD. The sticks represent the theoretical intensities. The solid line results from a broadening by a Lorentzian of 2.5 eV and a Gaussian of
0.75 eV (HWHM).
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FIG. 2. The D4d x-ray emission spectral shapéas). 2p,,4d x-ray emission(b) 2p,,,4d MCD, (c) 2p3,,4d x-ray emission(d) 2p;,4d
MCD. The sticks represent the theoretical intensities. The solid line results from a broadening by a Lorentzian of 2.5 eV and a Gaussian of
0.75 eV(HWHM).

figuration. In that case thed34f’ symmetries ar¢D and The 2p4d x-ray emission spectra of Fig. 2 look different,
°D. The six sticks relate, respectively, to the final states withreflecting the large d4f exchange and the smalld4spin-
J; equal to, respectively, 6, 5, 4, 3, 2, and 1. The largeorbit coupling. The ps4d spectrum of Fig. &) shows
number of small peaks between6055 eV and—6045 eV again the six®S-related sticks at about 7110 eV. Because
are related to transitions for which thé lectrons are in a the satellite at—7076 eV is caused byd#f exchange, it
state different from theifS ground state configuration. The contains no’D states. All°D states are located in the main
most important of these states have tHeedectrons in°G ~ Peak. Note, that we are close i coupling and it is more
symmetry, resulting in an overalD, ’F, and "H symmetry appropriate to spea_lk abouti4and 4d' parts for the main
of the 3d%f7 multiplet. The MCD signal is positive for peak and the ;atelllte, though the MCD shows that this also
2p%4f7 intermediate states with,=5 andJ,=4 and nega- is only approximate. TheD sFates are mixed much_more
tive for J,=3 and J,=2. The dipole selection rule a_nd are l:_)oth part of the_maln peak and the satellite. The
X X

_ N . highest sticks of the satellite do relate 6-related states of
(AJ==1,0) implies thatl; equal to 6 and 5 are positive, 4 7 : .
and 3 mixed, and 2 and 1 negative. All small peaks are alsovera_ll D symmetry. In Fig. m) It can be seen tha@ the

: ' ) ' Qatellite contains mostly negative sticks, but at the high en-

essentially negative be_c_ause only the states couple to ergy side some positive sticks are visible. In other words the
these s_tates. The, posmvéD_ state_s do n_ot couple apart ¢4ialiite is not 100% spin polarized.
from minor effects due to spin-orbit gquplmg. These trends Tpe 20,,4d spectrum in Figs. @) and 2b) has the most
are reproduced at thep3;3ds, transition at—6025 eV.  complex spectral shape. The result of the multiplet effects is
Only four ®S-related sticks are visible, becauséds3 only 4 complex spectral shape with highest intensity for the peak
couples with®S to J;=2,3,4,5. The MCD is reversed due to at — 7762 eV. The spectrum bears little relation to the single-
reversed energy ordering of tle states, visible also in the particle model.
increasing intensity with);. The 2p,, spectra[Figs. 1a)
and Xb)] are closely related to thep2, spectra as the
3d%f7 final state energies are identical. There are %8
sticks for the 35, and four sticks for the &;,,. Note that We will now compare our results to the experiment which
the 2p,/,3ds, transition is not completely zero. It gains some has been carried out on beamline ID16/BL21 at the EERF.
intensity due to the multiplet effects. In other words, theFor the moment we concentrate on the spectral shapes only
3ds, and 35, structures are slightly mixed. and both the x-ray emission spectral shapes and their MCD

Ill. COMPARISON WITH EXPERIMENT
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FIG. 3. Comparison of the calculatedp2d x-ray emission FIG. 4. Comparison of the calculatedp2d x-ray emission

(spe_cttrgll_rs: apeésollgl Im?,lwnh the 2:93’233 exgerlmenlt_al éetsultsb spectral shapgdashegl with the 2p3.4d experimental results
points. the experimental curve Is alighed and hormalized fo 1.1 a points. The experimental curve is aligned and normalized to 1.0 at
the peak position, with respect to the calculation. The theoretic

MCD ¢ L in th le of th - ¢ e peak position, with respect to the calculation. The solid line is
spectrum Is given in e scale of the emission Spectrum, ang,q e oretical result with a reduction of the Slater integrals to 70%
the experimental MCD has been normalized to it.

and a broadening as described in the text. The theoretical MCD
spectrum is given in the scale of the emission spectrum, and the

will be normalized to the calculationdn Sec. IV B we will experimental MCD has been normalized to it

discuss the relative intensitig¢sThe experiments have been
performed with an overall resolution of 0.75 éAWHM),
which will be approximated by a Gaussian in the simula-
tions. The life time broadening of the intermediate and final
states id",=2.0 eV andl';=0.5 eV, respectively, as deter-
mined from the analysis off2and 3 x-ray absorption and
photoemissiort®?° Thus the overall lifetime broadenirig,
equals 2.5 eV.

Figure 3 shows the comparison of the calculation with th
2p33d x-ray emission experiment. The agreement betweelT, . X
thec/)ry and experiment is good, with the experiment showin 'th the Af glec?:tro?s. The mterm_edlate state can t_)e de-
slightly sharper structures than the calculations. The relativ cribed as p°4f°5d ano_i the 45d Interaction will _mod|f_y
intensities and peak positions are reproduced, both for ththe spectral shape. Preliminary calculations confirm this be-

x-ray emission spectral shape as for its MCD. This showd1avior- At the energy related to thep2- 4f transitions, the
that the approximations made for the simulation are valid resonant x-ray emission should reveal an additional feature,

The experiment confirms the reversed MCD effect of the2'iSing from the »°41°—3d°4f° wansition. Though this

3ds, peak with respect to theds,, peak. feature_ is clearly visible in _the experlr?en}, Fhe spectral shape
Figure 4 shows the comparison of the calculation with the/S dominated by the more intensel 3t 5d* final state mul-

2psAd x-ray emission experiment. Theoretical results oftiPlet, associated with dipolarf2-5d excitations.

two x-ray emission and one MCD spectra are shown: The

X-ray emission spectrum as plotted in Figc)2 and addition- IV. DISCUSSION

ally the x-ray emission and MCD spectra of a second calcu-

lation using Slater integrals®3° reduced to 70%instead of

80%). A similar reduction of the d4f exchange splitting has In our calculation made so far, we have assumed that the

been observed also in the analysis dfx¢ray absorption and incident x-ray direction is parallel to the magnetization of the

photoemission spectral shag&sAn additional effect of the Gd 4f electrons and the emitted x-ray is unpolarized. Here

4d%4f7 final state is that its lifetime broadenings are stronglywe discuss the angular dependence of the x-ray emission

symmetry dependent, and in particular the lifetime broadenMCD. Let us define the angle as that between the incident

ing of the 4! structure at- 7080 eV is strongly increased to
I'; of about 1.5 eV(so I'; is 3.5 eV}, against 0.2 eV
(I't=2.2 eV) in case of the 4! structure at- 7110 eV?3:2°
Krisch and co-workerS also measured thepBd x-ray
emission spectrum in the vicinity of thepg, absorption
threshold. If the excitation energy is chosen to be at the
e2p—>5d resonance, the spectral shape can be expected to be
ﬁffected by the presence of thd Blectron and its interaction

A. Angular dependence of x-ray emission
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3 T T T T T T TABLE II. Integrated intensities for the®, and 20, x-ray
emission spectra, and their MCD divided into theits3 and 35,
parts. The effects of multiplets on the integrated intensities is shown
in case of 8 and 4d final states.

1 8 Intensity MCD
2+ 4
1 0 2p3 10 1.111
2p1; 5 -1.111
(2]
< 3ds2 3dap 3dsz 3dap
¥e) Single particle:
8 r ] 2P 9.000 1.000 1.111 -0.000
2 2p1 0.000 5.000 -0.000 -1.111
2]
§ Multiplet effects:
£ 2pap 8.953 1.047 1.188 -0.077
0 < 2pyp 0.104 4.896 -0.037 -1.074
4d; 4d, 4d,; 4d,
Multiplet effects:
2P 8.106 1.892 2.215 -1.105
2p1; 3.515 1.484 -0.372 -0.739
- L 1 N 1 L 1
-6080 -6060 -6040 -6020
Energy (eV) correct results for the experimental situation. The angular

dependence of the MCD intensity irp3d x-ray emission is
FIG. 5. Angular dependence of the emitted x-ray versus theyiven in Fig. 5. The main effect is the variation in intensity
magnetization direction. Four spectra are given. Viewed at thgyf the main peak in the2;,3ds,, emission region at 6060
MCD main peak at-6060 eV, from top to bottom, respectively, ey, The spectrum for magnetization parallel to the sample
the spectra ford=90° (solid), 60° (dashedi 30° (solid), and 0° g rface P=90°) has the largest MCD. The negative MCD
(dashed are given. The inset shows the definition of the angbes peak at about-6050 eV is not dependent on the emission
and . angle and at higher energies and at tipg,Bd5, peak there

are some small angular variations visible.
x ray and the surface normal, and the angjkes that between g

the outgoing x ray and the surface norngsée the inset of

Fig. 5. The angular dependence of the MCD intensity is

given by In the calculation the @5/, spectra are generated from the
addition of the intermediate staté€®s, °P,, 'P3, and 'P,,

B. The integrated intensities

1. ) normalized to a total intensity of 10. TheZ2, spectra relate
Al(e,0)=— ES'”¢[{1+Sm29}(F:1—1— Fii1) to the intermediate state$,, °P5, which add up to 5. This
2:1 ratio is exact as the@spin-orbit coupling is large. For

+2c00(Fo_1—Fo1)], (4)  the 2p4,3d x-ray emission, the ratio of the x-ray emission

spectrosocpyXES) and the MCD integral is 1/9. The reason

The expression shows that the weight of the spectral inis that the °P states are not pure spin-up, but contain 1/9
tensity F,, with different polarization depends on the two spin-down character as discussed above. The consequence is
angles as defined above. First, the factopinginates from  that the integrated MCD signal of theg, spectra is 10/9.
the excitation partl ¢,/ C4| ¢o)|°, and the MCD intensity is  This MCD signal is exactly compensated at th® 2 spectra,
maximum when the incident x ray is parallel to the magne-as can be checked from Table Il, which collects all integrated
tization. values. The integrated valugcp over both edges is zero, as

The rest of the angular dependent factor of Hg.origi- it should be for » core states containing equal amounts of
nates from the deexcitation palti¢|Cq:|b)|. If the emis-  spin-up and spin-down electrons.
sion angled equals zero, the polarization of the emitted x ray  In Table Il the integrated quantities forpg, and 204,
is specified by two directions an¥l is described by not only have been divided into transitions to, respectivelys;3and
the matrix elements o€, and C_;, but alsoCy. On the  3dg,. It can be seen that, if the full atomic multiplet inter-
other hand, whem equals 90°Al is described by the matrix actions are included, the respective integrated intensities for
elements containing onl¢€, andC_;. the four 203d spectra do differ only a few percent from the

If we take 1+ sinf#=2co<6, the matrix elements,,,  single-particle values. Therefore one can conclude that the
with different polarization have the same weight. The magiamultiplet effects cause a redistribution of intensity within a
angle between magnetic field and emitted x ray equalgarticular x-ray emission spectrufwith the creation of extra
90°— 6 = 54.7°. In our experimental arrangement, 909  peaks, but the multiplet effects are too small to significantly
is 60°. Thus the magic angle calculation gives essentiallaffect the integrated intensities. The reason is that tde 3



56 THEORETICAL ANALYSIS OF THE MAGNETIC ... 7291

spin-orbit splitting of 32 eV is larger than all multiplet ef- C. Concluding remarks
fects, causing only a small admixture of thpa$3ds, and Using the theoretical description of spin-polarized
2p3/23ds); Spectra. 2p-photoemission and the atomic multiplet calculations of

In the case of the d4f x-ray emission spectra, the rela- 2p3d and 2p4d x-ray emission, all 3d and 2p4d x-ray
tion with the exchange-plus-spin-orbit model is lost becausgmission spectral shapes have been calculated, including
now the 4l4f exchange is larger than thel4pin-orbit cou-  {hejr dependence on the use of circular-polarized x rays for
pling. The 41 states are in Table Il indicated withdd im-  he excitation process. Good agreement with experiment is
plicitly assuming purelS coupling. The actual situation is foung and all visible experimental structures have been ex-
that the 4°4f" states are in between thpandLScoupling  pjained. The present analysis confirms the importance of
schemes. It is important to note that if one excites in betwethultiplet effects for the spectral shapes af 8nd 4 holes
the L; and L, edge, the integratedpBd and 204d x-ray  ip rare earths.
emission intensity will always contain an MCD effe@f. It is shown that the multiplet effects do not alter the inte-
Table 1), which implies that fluorescence-yield detection Ofgrated values of the 3d x-ray emission peaks and their
x-ray absorption MCD cannot be normalized in between thq\/ICD, in contrast to the @4d x-ray emission peaks. Because
L; andL, edges. _ o . the x-ray emission spectra relate to an excitation process to a
Concerning the magnetic moments it is clear that no in¢ontinuum state, the overall integral of the MCD should be
formation can be gained from the absorption sum rules, besqual to zero. However from the size of the MCD spectral
cause the sum rules concern the @re state which is filled  spapes compared with the calculations, information on the
in the ground state, hence all moments are zero. Howevepagnetic moment can be gained.
information concerning the magnetic moment could be | is shown that the angle of incidence between x ray and
gained from the magnitude of the MCD effect in the emis-gyrface normal influences the size of the MCD effect, while

sion, where the MCD is normalized to the total intensity asine angle of emittance between x-ray and surface normal
MCD/XES. The magnitude of the MCD in the emission is jnfluences the spectral shape of the MCD.

dependent on a series of factors. It depends on the degree of

circular polarization incident on the_ sqmple (70%) and cf. ACKNOWLEDGMENTS
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