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Fig. 1 Photos of experimental for RSXS measurement at NSRRC:
BL-5 EPU beam line at NSRRC, 4-m elliptically polarized
undulator, two-circle diffractometer for ultra high vacuum,
and detector composed from CsI photocathode and a chan-
neltron.
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Fig. 2 Spin interactions in multiferroics. (a) Symmetric spin inter-
actions induce polarization through exchange striction. (b)
Antisymmetric spin interactions induce polarization through
inverse-Dzyaloshinskii-Moriya interaction or spin current.
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Fig. 3 (a) Crystal structure of RMn,0Os. (b) AFM ordering peak of
TbMn,Os with g=(1/2, 0, 1/4) and ¢ polarization at hv=
639 eV and 30 K plotted in g,q. plane. (c) Photon-energy de-
pendence of HWHM and scattering intensity of TbMn,Os
with ¢g=(1/2, 0, 1/4) and o polarization at 30 K. Inset
shows scattering geometry with ¢ and 7" polarizations for in-
cident and scattered photons, respectively.
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Fig. 4 Temperature dependence of g components of AFM ordering
of TbMn,Os: (a), (b) g, component measured with 7 and o
polarizations; (c) g.component. I and I, correspond to the
peak structures of commensurate ordering and incommen-
surate orderings with incommensurability of g, as *+J,. In-
tensities normalized to that of the commensurate AFM or-
dering at 30 K with ¢ polarization are expressed by means of
color. The insets of (a) and (c) are scattering intensities of
g, and g, scans at selected temperatures, respectively.
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Fig. 5 (a) Schematic views of polarization dependence of resonant
magnetic scattering of TbMn,05 with ¢ and 7 polarizations
for incident photons. o and f8 are ~6° and ~20°, respective-
ly. (b) Illustrations of internal field E;,, shown as antisym-
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Fig. 6 (a) Illustration of crystal structure of LiCu,0,. (b) Scatter-
ing geometry with 7 polarization in ab plane, i.e., scattering
vector ¢=(q,, q», 0). (¢), (d) g, and g, scans at selected
temperatures below 25 K. (e) Temperature dependence of
qp-
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Magnetic orderings of multiferroics revealed by
resonant soft X-ray magnetic scattering

Jun OKAMOTO Condensed Matter Research Center, Institute of MSS, KEK
Tsukuba 305-0801, Japan

Abstract Recent reports about gigantic magnetoelectric coupling in frustrated magnets have attracted a
revival of interest in multiferroicity where electric polarization can be induced by spin interactions. We can in-
vestigate magnetic orderings originated from specific electronic structures by using resonant soft X-ray mag-
netic scattering. We have analyzed magnetic orderings in spin-frustrated multiferroic compound TbMn,05 by
Mn L3-edge resonant soft X-ray magnetic scattering and clearly revealed the importance of antisymmetric spin
interaction in the mechanism of multiferroics governed by the Mn 3d spin interactions as well as symmetric
spin interaction. We have also studied magnetic orderings in quasi-1D quantum multiferroic LiCu,0, and found
that the spin-1/2 Cu2* ion in LiCu,0, exhibits a long-range 2D-like spin order in its ground state, which is
deduced from its temperature-dependence of magnetic correlation above Ty, and that the spin coupling along
the c axis is essential for inducing electric polarization. In the last chapter we make a brief introduction of Tai-
wan NSRRC, which broadcasts plentiful of outputs in soft X-ray synchrotron radiation research.
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