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• Ferroelectric properties of magnetic defects

• Toroidal moment and magnetoelectric effect

• Electromagnons
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Electrostatics of magnetic defects
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Magnetic vortex in magnetic field 
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Magnetic vortex in magnetic field 
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Multipole expansion

Average vector potential

Magnetic dipole moment
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Quadrupole and toroidal moments

Toroidal moment (not in textbooks)

Quadrupole moment

R
QA ljklijki

1)2( ∂∂−= ε

[ ] [ ]( )ijjiij rrrd
c

Q jrjr ×+×= ∫
3

6

1

( ) ( )RTTA δπ4
1)2( +∇⋅∇=
R

[ ]jrrT ××= ∫ rd
c

3

6

1



[ ]∫ ××= jrrT rd
c

3

6

1
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Spins interacting with inhomogeneous 

magnetic field
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Magnetoelectric properties of 

magnetic multipoles
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The magnetic multipoles have the same symmetry as 
magnetoelectric tensor



Magnetoelectric effect
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j = 0 j = +2π/3

j = -2π/3

Triangular lattice

Cancellation of 
magnetoelectric

effect
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Toroidal Kagome










−
=

01

10
0αα

layered
Kagomé lattice



Magnetoelectric Coupling

• KITPITE:                      (Gaussian units)

• Cr2O3                                 
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Phonon-magnon continuum
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Photoexitation of magnons
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Magnons in spiral state of RMnO3

electromagnon



Electromagnon mode
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Magnetic field dependence

T. Kimura et al (2005)
N. Kida et al (2008)



Eu1-xYxMnO3

R. V. Aguilar et al (2007)
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Magnons in spiral state of RMnO3
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Bi-magnon continuum
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• Magnetic frustration gives rise to 
unusual spin orders that break inversion 
symmetry and give rise to multiferroic
behavior and linear magnetoelectric
effect

Conclusions


