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Electrostatics of magnetic defects
Easy plane spins: M=M [e1 Cos @ +e, sin go]
Polarization: P=-yy.M’c, 0,0

Total polarization of domain wall:

| axP, =y 2, M*[p(+ o) - pl~oo)]
Charge density: o =—divP =27yy. M T6%(x )

Vortex charge: (o<l = —§dx V@ winding number



Polarization of domain walls
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Magnetic vortex 1n magnetic field
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Magnetic vortex 1n magnetic field
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Multipole expansion

A(R)

Average vector potential
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Magnetic dipole moment
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R 2c



Quadrupole and toroidal moments

Quadrupole moment
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Toroidal moment (not in textbooks)
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Meaning of toroidal moment
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Spins interacting with inhomogeneous
magnetic field

E=-24,YS, H,)

Gradient expansion

E"” =-M-H(0)

E® :—%—T-VxH—QZj(aiHj +0 H,)
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Magnetoelectric properties of
magnetic multipoles

®  =—-aE-H-t-ExH-g,EH +EH,)

®, =—AV-H-T-VxH-Q,(0,H,+9 H,)

The magnetic multipoles have the same symmetry as
magnetoelectric tensor

ao< A toc T q; o< O,



Magnetoelectric effect
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Magnetoelectric effect
1in spin triangle
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Triangular lattice

Cancellation of
magnetoelectric
effect



Pseudoscalar Kagome




Toroidal Kagome
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Magnetoelectric Coupling
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Phonon-magnon continuum
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Photoexitation of magnons
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Magnons 1n spiral state of RMnO,
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Electromagnon mode
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Magnetic field dependence
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Eu, .Y MnO,
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Alternation of J

E|l a along Q
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Qllb RMnO;

b Alternation of J
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Bi-magnon continuum
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Conclusions

« Magnetic frustration gives rise to
unusual spin orders that break inversion
symmetry and give rise to multiferroic
behavior and linear magnetoelectric
effect



