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Scattering Manifestation of Multiferroicity in a Frustrated Magnet

The coexistence of magnetism and ferroelectricity with cross coupling, termed multiferroicity, rarely occurs.
Recent discoveries of gigantic magnetoelectric couplings in frustrated magnets offer new opportunities for
a thorough scientific understanding of multiferroicity as well as multiferroic applications. With
measurements of resonant soft-X-ray magnetic scattering and an analysis based on symmetry
considerations, we proffer scattering evidence for multiferroicity and a new pathway for understanding the
intricate coupling between magnetism and ferroelectricity in frustrated magnets. The magnetoelectric
effect in TbM,05 arises from an internal field determined by §q X §_q with §q being the magnetization at
modulation vector g, independent of the commensurability and chirality. Our discoveries set fundamental
symmetry constraints on the microscopic mechanism of multiferroicity in frustrated magnets.
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@ Ever since it intrigued Greeks, magnetism, in which the

ordering of spins comes into play, has kindled great scientific
minds. Ferroelectricity is an electronic version of magnetism,
associated with the polar arrangement of charges. Technologi-
cally, materials with the coexistence of magnetism and ferroelec-
tricity, termed multiferroicity, are attractive because they offer
the possibility for realizing mutual control of electric and mag-
netic properties. The key phenomenon behind such mutual con-
trol lies on the capability for the induction of magnetization by
an electric field or of electric polarization by a magnetic field,
known as the magnetoelectric (ME) effect. The ME effect is an
important characterization of multiferroicity but has been poorly
understood. The effect could be largely enhanced by the pres-
ence of internal fields. However, such enhancement requires the
coexistence and strong coupling of magnetism and ferroelec-
tricity (FE), which rarely occur in real materials. Recent discover-
ies of giant magnetoelectric couplings in frustrated magnets,[*2
such as reversibly flipping ferroelectric polarization or drastic
change of dielectric constant with applied magnetic fields, thus
offer new opportunities for a thorough scientific understanding
of multiferroicity as well as multiferroic applications.

In frustrated magnets, such as RMnO5; and RMn,Os (R = Th,
Dy, and Ho), the spontaneous electric polarization (P) appears in
certain antiferromagnetic (AF) phases. Unlike old examples of
multiferroics, the magnetoelectric couplings exhibited by these
materials are gigantic, and the magnetic phases involved are
complicated and commonly incommensurate with lattice. The
magnetic transition temperature is higher than the ferroelectric
one, suggesting that the ferroelectricity is induced by magnetic
order. Furthermore, the inversion symmetry in the magnetic
phases with ferroelectricity is broken, implying that the magnet-
ic order couples to odd orders of P. In addition, these magnets
show anomalies in the temperature dependence of dielectric
constant € . For RMnO,, the ferroelectric transition is accom-
panied by a magnetic transition from incommensurate sinu-
soidal to spiral AF order. Kenzelmann et al.®l have applied the






