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Fig. 1 (Color online) Magnetic and dielectric phase diagram as
functions of temperature and the type of R site in RMn,Os.
Abbreviations indicate as follows, PE: ParaElectric, WFE:
Weak FerroElectric, FE1: 1st FE, FE2: 2nd FE, FE3: 3rd
FE, PM: ParaMagnetic, 2DICM: 2-Dimensionally modulat-
ed InCommensurate Magnetic, LT-2DICM, LT-2DICM:
Low Temperature 2DICM, 1DICM, 1DICM': 1-Dimen-
sionally modulated ICM, CM: Commensurate Magnetic,
LT-1DICM: Low Temperature IDICM. Direction of electric
polarization P, and magnetic propagation wave vector qm are
also shown.
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Fig. 2 (Color online) Crystal and magnetic structure of YMn,Os in
the CM phase for (a) the ab—plane projection and (b) the
bc—plane projection. The black arrow and the gray arrow
represent the magnetic moments of Mn** and Mn3* ions,
respectively.
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Fig. 3 (Color online) (a): Experimental setup of polarized neutron
diffraction experiment detecting vector spin chirality of o
(Lower condition) and o_ (Upper condition) . Temperature
dependences of (b): Electric polarization and (¢): ¢,—0_
along the plus and minus b-axis for YMn,_ ,Ga,Os (x=
0.12), after Wakimoto et al.!0.
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Fig. 4 (Color online) Total polarization (solid line) together with
the magnetic chirality in YMn,Os when the system is poled at
the CM phase. Diamonds and circles are plotted o,—og_ of
the CM phase in and those of LT-2DICM, respectively, after
Wakimoto ef al.19. The Ppy contribution is shown by a dot-
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Fig. 5 (Color online) Electric polarization P, along the b-axis as

functions of temperature and the type of R site in RMn,Os.
The magnetic propagation wave vector in the CM phase qcm
are also shown.
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Fig. 8 (Color online) Energy spectra of Bragg peak intensity at Q
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Magnetism and ferroelectricity in multiferroic
materials studied by a complementary use of
synchrotron X-ray, neutron and muon
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Abstract We have studied mulftiferroic materials, where antiferromagnetism and ferroelectricity coexist,
by means of a complimentary use of synchrotron x—ray, neutron, and muon. The neutron diffrac-
tion has revealed that the microscopic mechanism of the magnetically driven ferroelectricity. And
the element-selective resonant x—ray magnetic scattering have found the induced spin polariza-
tion at oxygen site. We have also succeeded in detecting the local magnetism in the vicinity of

oxygen site by using uSR experiment.
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