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Magnetic circular dichroism of 3ds>, — 2p3/»
resonant inelastic X-ray scattering at the Ho
L".-edge in H03Fe5012

MCD-RIXS seemed to be especially effective to elucidate the ori-
gin of MCD-XAS at the pre-edge region in which a quadrupolar
transition to the 4 state was thought to exist. In this study, MCD-
RIXS of a ferromagnetic Ho ion in ferrimagnetic kfees012 was

measured for thed3,, — 2ps/, decay at the Ho k;-edge. The de-
pendence of the spectral features of MCD-RIXS is discussed com-
paring with the MCD-XAS at the Ho |L-edge, which has been
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2. Experimental

A single crystal of ferrimagnetic H&e;012 was studied at room
temperature, where the magnetic moment of Ho ions couples an-
tiparallel with respect to the total magnetization. The MCD-RIXS
experiments were performed at the elliptical multi-pole wiggler
beamline 28B (lwazumet al, 1995) of the Photon Factory, In-
stitute of Materials Structure Science. The degree of circular polar-
ization, R, of the incident X-rays monochromatized using Si(220)
reflection is about -0.45 of a minus helicity at the Hp dedge.

The geometrical layout of the present experiment around a sample
is shown in Figure.1, where the angle between the scattered X-
rays and the normal of sample surface was set to 54.7 degrees, the
so-called magic angle (de Groet al., 1997). The angle between
incident X-rays and the sample magnetizati@ywas chosen to be
36.9 degrees to get the best compromise between the energy resolu-
tion of the emission spectra and the magnitude of the MCD signals,
which is proportional to co&. A magnetic field of 0.2 T was ap-
Magnetic Circular Dichroism (MCD) of Resonant Inelastic X-raypjied to the sample, and its direction switched every 10 seconds to
Scattering (RIXS) of 8/, — 2ps/> decay (HoLai) was measured gptain the MCD effect without changing the helicity of the inci-
atthe Ho Ly -edge in HaFe;012. The MCD-RIXS, inwhich the in-  gent x-rays. The emitted X-rays were analyzed using a cylindrical
termediate state has the4f"* configuration due to the quadrupo- pent Ge(440) crystal and a position-sensitive proportional counter
lar transition of 2 — 4f, was also observed at the pre-edge regiofjjled with an Ar + 10% CH mixture of 8 atm. The total energy

of the Ho Ly -edge. The obvious superposition of two peaks, whichesolution of the present apparatus was 1.6 eV around thenkio

comes from the high-energy off-resonant Raman scattering and thgorescence line (6718 eV). RIXS and MCD-RIXS were defined
fluorescence, could be found in both the RIXS and the MCD-RIX$y eq. (1) and (2) respectively, as follows:

when the energy of the incoming X-ray was 7eV higher than the
white line. The dependence of the integration of the MCD-RIXS

spectra on the incident x-ray energy could roughly reproduce the
MCD of X-ray absorption spectra (XAS).
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lo(w) = {l+(w) +1-(w)}/2, @

Im(@) = 14 () — - (). #)
Here, |, (w) andl_(w) are the intensities of the fluorescence
yield and were measured with teave \ector k) of the incident
beam parallel and anti-parallel to the magnetization of a sample,
respectively, where» denotes the energy of emitted X-rays. The

. ) intensity of incoming X-rays was monitored using ion chamber and
Resonant Inelastic X-ray Scattering (RIXS) has become a powerfy|,,s used as normalization factorlofw) and!_ (w).

tool to investigate the electronic structures in solid-state materials
thanks to intense and tunable X-rays at synchrotron facilities. The
spin-dependent part of RIXS could be observed as the Magnetic
Circular Dichroism (MCD) and provides knowledge of the precise
spin dependence of the electronic structure. The origin of the MCD
effect of an off-resonant x-ray emission is well understood up to
now. In the case of rare earth ions, theoretical calculations of the
lineshapes (de Groet al, 1997; Joet al,, 1998) were possible for
the decays of 8 — 2p and 4l — 2p, and have been also con-
firmed experimentally (lwazungt al, 2000). The dependence of
MCD-RIXS on the incident x-ray energ{)() around the absorp-
tion edge has been, however, reported only for Gd ions in Gd metal
by Krischet al. (1996) and in ferrimagnetic GelCosy amorphous
alloy by the present authors (lwazuet al., 1997). MCD-RIXS

. - . _Figure 1
could help to interpret the conventional MCD of X-ray absorptlon_ Schematic diagram of the experimental layout around a sample for mea-

becaus_e RIXS is the second'-or_der op'tical prqcess, where the 'lrements of MCD-RIXS. The electromagnet produces magnetic field
termediate state of RIXS coincided with the final state of XAS. ¢ 2 T at the beam-spot on the sample.
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3. Results and Discussion 2p core hole and the #4electrons lowers the f4level energy be-

The MCD of the X-ray Absorption Spectrum (XAS) atthe HaL  low the pre-edge region. The theoretical angular dependence of the
edge in HaFe;012 was quoted from the previous report by Shi- quadrupolar contribution in MCD-XAS has not been confirmed in
momiet al, (1993) and is reproduced in Figure 2. this system because the difference between the quadrupolar and
the dipolar contribution might be too small to be detected at room
temperature due to thermal fluctuations. In the MCD-RIXS spectra
ata andb, the MCD-RIXS coming from the quadrupolar channel
was observed with a satisfactory separation of 10.8 eV from the
dipolar channel. The MCD-RIXS spectrumatooked rather dif-
ferent from the others due to the superposition of the two different
MCD that originated from the fluorescence and the high-energy
off-resonant Raman scattering.
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Figure 2

Reproduced XAS (open circle) and MCD-XAS (filled circle) at the Ho
Ly -edge in a HgFeg;0;, at room temperature (Shimorat al,, 1993).
The vertical lines with labels frorato | on XAS correspond to the en-
ergies at which MCD-RIXS were measured. The value§,#£2) (open
square) are also plotted using an arbitrary scale.

Fluorescence yield (arb. unit)

MCD-RIXS spectra were measured at the energies which are in-
dicated by vertical lines labelleal ~ | in Fig. 2. Figure 3 shows . . . .
the RIXS and the MCD-RIXS for&,, — 2ps/» decays in the Ho 6700 6720 6740 6700 6720 6740
ion, where the labels frormto | are consistent with those in Fig. 2. Emission energy (eV)

The Q-dependence of the peak height of the emission line in RIXS

looked very similar to XAS (not shown here). In addition to the Ra-

man shifts below the energy the off-resonant Raman peaks to the Figure 3 ]

high-energy region were also observed in the RIXS spectra from RIXS (left panel) and MCD-RIXS (right panel) oldg, — 2ps/, de-

toi. The linear fitting of the positions of Raman peaks fratod &Y at the Ho k,-edge in HgFe&;0.2. The labels froma to | indicate
ave the relation betwedd andw asw — 1.02 x O — 149966V the energies of incident X-rays and are consistent with those used in
'?’h ic sh he | ’ ide of th o i Fig. 2. The series of numbers in the left panel are the relative intensities
e asymmelric shape at the low energy side of the emission IN§f RIXS spectra. The vertical lines in the right panel correspond to the

originates multiplet effect mainly due to the-3f exchange inter-  gnergies of peaks in RIXS spectra. The filled and the open diamonds
action. Despite the single peak feature of emission link #tere  are marked at the positions of RIXS peaks of the quadrupolar chan-
was small overshoots of the peak shift due to the superpositionel and the high-energy off-resonant Raman peak in the both panels,
between the high-energy off-resonant contribution and the fluorespectively.

rescence linel{«1), where the fluorescence and the off-resonant

Raman scattering correspond to the transition into the continuum The integration of MCD-RIXS changed depending Qnand

state and the transtion into thel State, respectively. The maxi- could be possible to compare them with the intensity of MCD-XAS
mum amplitude of the MCD-RIXS is found dt which is about  at theQ. Then,Sx(Q), which was defined a8n(Q) = [ Im(w)dw,

+1.7 % of the peak height of the RIXS. The amplitude itself doeswas calculated to discuss the integrations from 6685 eV to 6740
not change so much depending@mlespite the complicated struc- eV. The result shown in Fig. 2 indicates that the tendency of the
ture of MCD-XAS. Taking into account the statistical accuracy of Q dependence of th&,(Q) roughly agrees with the spectral fea-
MCD-RIXS spectra in Fig. 3, the overall spectral features of theture of the MCD-XAS. Because of the existence of the positive
MCD-RIXS fromato | were similar to each other except for those peak originated from the quadrupolar channeh,ahe sign of in-

ata andg. It has been suggested that the pre-edge feature in MCDtegration of MCD-RIXS spectrum was the positive and coincided
XAS at the energya arises from a quadrupolar transition to the with the sign of MCD-XAS. The large disagreements are found
4f state, based on the assumption that the interaction between theé the energy region ad ~ f locating near the white-line. The
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disagreements seem to come from the differences of the preseamission spectroscopy. This work has been performed with the ap-
experimental conditions between MCD-XES in Fig.3 and MCD- proval of the Photon Factory Program Advisory Committee (Pro-
XAS in Fig. 2, such as magnetic fields applied to a sample and thposal No. 97G279 and 97G287). One of the present authors (T. N.)
angled. It might be also necessary to consider contributions fromis supported by RIKEN and was partially supported by Grant-in-
other emissions such &g3;1s lines in spite that MCD-RIXS for  Aid for Scientific Research from the Japanese Ministry of Educa-
the 35/, — 2ps/2 emission was much more dominant than them. tion, Science, Sports and Culture.
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