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Multiferroics & magnetoelectric effect
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Magnetic field =  Electric field

,Materials should exist, which can be polarized by a magnetic field and magnetized
via an electric field. P. Curie, Journal de Physique 3, 393 (1894)



Multiferroics & magnetoelectric effect
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Spaldin and Fiebig, Science (2005)
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) « inversion (I) odd
i (a)) - time reversal (T) even
« vanishes in the static limit
* natural optical activity

, « inversion (I) odd
Xij (a)) - time reversal (T) odd
« static magnetoelectric effect

» directional anisotropy
L.D. Barron, Molecular light scattering and optical activity (Cambridge, 2004)
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Optical magnetoelectric effect: Four-coloured optics
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« different refractive indices for £k propagation and two polarizations, termed as quadrochroism

« directional (k) optical anisotropy is generally weak, AN/N~102-10% Rikken, Nature (1997)

« BUT can be strong in multiferroics!



Optical magnetoelectric effect: Four-coloured optics
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« different refractive indices for £k propagation and two polarizations, termed as quadrochroism

« directional (£k) optical anisotropy is generally weak, AN/N~102-10® Rikken, Nature (1997)

* BUT can be strong in multiferroics!



Optical magnetoelectric effect: One-way transparency
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Kézsmarki, NatCommun (2014)

Electric dipole Magnetoelectric resonance ~ Magnetic dipole
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Optical magnetoelectric effect. One-way transparency

matter light
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ferrotoroidicity induced directional anisotropy
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Kézsmarki, PRL (2011)



Optical magnetoelectric effect. One-way transparency

guer light
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Multiferroic Ba,CoGe, 0
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« Tetragonal noncentrosymmetric crystal structure Hutanu, PRB (2011)
« Magetic Co?* ions with S=3/2 in tetrahedral oxygen cages

« Easy-plane Néel antiferromagnet Hutanu, PRB (2012)



Multiferroic Ba,CoGe, 0
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Arima, JPSJ (2007) Murakawa, PRL (2010)



Multiferroic Ba,CoGe, 0
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Multiferroic Ba,CoGe, 0
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Multiferroic Ba,CoGe, 0

Ca,CoSi,0, Ba,CoGe,O,
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* Four different values of the refractive index for a given axis of propagation:
forward and backward (k) propagation and two orthogonal polarizations,

« Magnons with nearly optimal magnetoelectric ratio, |v| = \/(%
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Kézsmarki, NatCommun (2014)



Multiferroic Ba,CoGe, 0
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* b- mode is the Goldstone mode (w=0) <~ dc magnetoelectric effect

« b+ would be the other Goldstone mode in the lack of magnetic anisotropy

Penc, PRL (2012)
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Multi-antiferroic LICoPO,

orthorhombic Pmna (point group: mmm)

distorted chessboard layers of CoO4 octahedra

highly distorted CoOq4 octahedra =

antiferroelectricity (along x)

* magnetic order develops below T,=21K
» antiferromagnetism (along y)

* orthorhombic Pmna’ (point group: mmm’)

u . . u 3 ) me
antiferroelectricity, x antiferromagnetism, = %},



Multi-antiferroic LICoPO,
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« Sign of de depends on the sign of the poling E®xHO fieldv’



Multi-antiferroic LICoPO,
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« Sign of an;e () depends on the sign of the poling EOxHO fieldv
« Remnant directional anisotropy in an antiferromagnetv’
« Contrast between AFM domains via simple absorptionv’ Kocsis, arXiv:1711.08124



Multi-antiferroic LICoPO,
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AFM-f  AFM-« AFM-o. = AFM-S
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