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Report:
TbMnGQ; is a magnetoelectric multiferroic; a class of materials in which ferroelectricity and magnetism
coexist [1]. TboMnQcan be further subategorised as an imprepferroelectric [2], this means that the
ferroelectricty is induced by ToMn@& complex magnetic structure, thus the electric and magnetic order
parameters are closely linked, and the electric polarisation is highly sensitive to an external magnetic field
[3]. This property is of great interest as it might provide useful applications for the spintronics industry.
However, before any practical applications can be constructed, a microscopic theory of the coupling
mechanism in this type of multiferroic is raksal.
TbMnG; exists in the following magnetic phases:
= T>42K, TbMnGQ; has a orthorhombically distorted perovskite structBlenh space group),
Paramagnetic phase.
= 28K <T<42K, Collinear phase: The Mn magnetic moments are sinusoidally modulated along the b
axis, with a incommensurate propagation vector of40Ly where gn~0.29 [r.l.u.] at 42K. Upon a
further decrease in temperature the propagation vegtalegreases in value until it reaches a
minimum value of gr~0.28 [r.l.u.] at 28K.
= T<28K, Cycloidal phase: The Mn magnetic moments form a spiral magnetic structure irtthe b
plane. This phase also has an incommensurate wave vectongfl(Ovethere g,~0.28 [r.l.u.] ands
constant upon further decreases of temperature. In addition to breakirmgtiensal symmetry, this
magnetic spiral structure also breaks inversion symmetry, allowing for an electric polarisation along
the c axis. [2]
= T<7K, In addition to the ordering on the Mn sublattice, at temperatures below 7K, the Th magnetic
moments order ith an incommensurate propagation vector of (0 ~0.42 1) [r.l.u.].
TbMnOs; has been extensively studied with neutrons [4,5] and by Mannix et al [6] using resonant scattering
(RXS) of xrays with energies equal to the Mn K (6589 eV) and 3 /b14 eV) absorption edges on the
ID20 ESRF beamline and the CRG XmaS beamline.
However, both neutrons and high energy RXS have their limitations:
Firstly, neutrons cannot separate the magnetic ordering of the different sublattices and cannot see other fc
of orderirg such as orbital ordering, which may play an important role in the multiferroic properties of these
crystals.



Secondly, because of the electric dipolar selection rules, the E1 transition used in the RXS performed by
Mannix et al [6] did not probe the Mrd&nd Tb 4 electronic shells, which are directly involved with the
magnetic ordering of this crystal.

RXS of soft xrays is both sensitive to the magnetic ordering on the different sublattices, can detect other
forms of ordering and can directly probe tB1E1 transition to the Mn®(L, & L 3 absorption edges) and

the Tb 4 (M4 & M5 absorption edges) electronic shells.

Measurements were made on the ID08 bearndiBeircle diffractometer, using a single crystal prepared in
Oxford by D. Prabhakaran and cut with a [010] orientation. Because the diffractometer has a base
temperature of ~20K, it was not possible to study the low temperature ordering of the Tb Magnetic momer
Previous experiments conducted on ID08 and the 5. U1 station at the SRS, (Datékbingve extensively
studied the Manganese sublattice in the cycloidal phase. For this experiment, we turned our attention to tt
collinear phase, where azimuthal scans of the,(@j peak were taken. (See figure 1).

Figurel: An azimuthal scan of the (Q:g0) peak at the Mn1& L 3 absorption edges.
The scans are fitted with a &) function. The insert is an energy resonance scan of the

peak.
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In addition to azimuthal scans of the (@ ®), (0 2q:, 0) and (0 12qun, 0) saellites, high resolution energy
dependence scans were taken in the collinear phase (an example can be seen in the insert of figure 1).
The second half of the experiment was concerned with studying the sampleraythequal in energy to the
M4 & M5 absorption edges. Previous experiments had only detected the (010) Templeton peak at these
energies with horizontally polarised incidentays. Therefore it was decided to switch to vertically polarised
x-rays. Surprisingly, 2 peaks corresponding to the00) and (0 igun 0) where seen at the ThsM

absorption edge with vertically polarised incidemys, energy dependence scans suggested that there was
no resonant enhancement at the Tpeldge. The temperature dependence of thegi@ @) peak at the Tb

M, absorption edge was recorded, results showed that the peak disappears a T~25K. Suggesting that this
peak was due to the polarisation of the Tleléctrons by the Mn sublattice? An azimuthal scan of this peak
in the cycloidal phase was also recordealvever because of the peak’s relative weakness no clear
dependence was shown.

Analysis of the data is ongoing, we plan to perform polarisation analysis of the the 3 peaks seen at the
Manganese {edges at the SLS this March. We also plan to continue the experiment by studying a single
crystal that is cut with a [0 0.28 1] orientation, allowing us observe #yp®& (0 ¢, 1) peaks at the Tb M

&M s absorption edges.

References:

[1] W. Eerenstein et al., Nature, 442, 759 (2006)

[2] S-W Chenong et al., Nate Materials, 6, 13 (2007)

[3] T. Kimura et al., Phys. Rev. B. 71, 224425 (2005).

[4] M. Kenzelmann et al., Phys. Rev. Lett. 95(8), 087206 (2006)

[5] R. Kajimoto et al., Phys. Rev. B. 70, 012401, (2004)

[6] D. Mannix et al., Phys. Rev. B. 67, 184420, (2007).



