Abstract
There has been spectacular progress in the study on
multiferroics, which is expected to make a realistic step toward
an electrical control of magnetism or four state memories. We
propose a tilted Heisenberg model of which the continuum
limit is a gauge Landau-Lifshitz equation that provides a unified
description for various exotic spin orders appeared. For certain
gauge potential, we solved the magnetic skyrmion phase and
also predicted the emergence of meron phase [1]. We also
propose a mechanism to pin skyrmions in chiral magnet [2],
and find that the position-dependent electric field can induce
the Hall motion of the skyrmion [3]. Furthermore, we study
spin-orbital driven ferroelectricity [4]; spin-orbital coupling and
charge effect in Mott insulators showing that the tilted
Heisenberg model can be derived from the Hubbard model in
the presence of spin-orbital coupling as the large U limit [5].
The idea of tilted Heisenberg model has been extended to the
SU(3) case by experts working on high-energy physics recently
[6]. Moreover, we show that in the stationary regime the
chirality of the domain wall can be efficiently reversed when
the electric field is applied along the direction of the magnetic

field. These characteristics suggest that the multiferroic domain



wall may provide a new prospective means to design faster and
low-power-consumption domain wall devices [7,8]. These
results are expected to motivate experimentalists to prepare
new type of multiferroics material or design new spintronics
device [9-11].
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