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(i) I generalized mathematically the classes of chiral solitons; (ii) | revisited and designed
experiments on visual observation of skyrmion networks; (iii) I suggested networks of entangled
skyrmions as carriers of information in spintronic devices

I have investigated the properties of diverse multidimensional solitons,
such as hopfions, bimerons, skyrmioniums etc., in chiral magnets and liquid crystals. By combining
such mathematical disciplines as homotopy and knot theories as well as the methodology of partial
differential equations | addressed such fundamental questions as: what are the allowed
transformations between solitons and the source of their internal stability; what new extended
phases formed from solitons are possible; how do solitons interact and/or collapse via formation of
defects; what types of dynamics in spintronic devices can be realized etc.? Part of the research was

done in collaboration with the experimental group of Katia Pappas (Delft, the Netherlands). We
focused our attention on the temperature and field dependencies of the tilted spiral and skyrmion
states. The results of the research have been published in more than 10 papers.
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Chirda skyrmions are particle-like topologica solitons with complex non-coplanar spin structures
stabilized in noncentrosymmetric magnetic materials by specific Dzyaloshinskii-Moriya
interaction (DMI). Skyrmions are considered as promising candidates for the next-generation
memory and logic devices, in which the information is encoded by these countable nanometer
scale solitons. The purpose of the current research project was to initiate a thorough experimental
and theoretical search for novel classes of such two-dimensional solitons in chiral magnets and
liquid crystals and extend the study towards other soliton varieties such as three-dimensional
knotted hopfions. The research project also holds in mind fundamenta aspects of the physics of
chiral solitons and attempts to address the fundamental problem “What types of new physica
behavior and properties can arise in condensed matter because of these nontrivial field
configurations?

Skyrmionics is a very active and rapidly burgeoning field and many research teams al over the
world intensively investigate chira solitons and related phenomena in  bulk
noncentrosymmetric magnetic materials and recently synthesized nanomagnetic systems
(nanolayers, multilayers, nanowires, nanodots). To remain competitive in this field, one needed
new ideas and a set of interdisciplinary tools.

The aim of the project was by experimental and theoretical means to search for new classes of
topological chiral solitons and examine their internal properties. | tried to address such
fundamenta questions as: what are the allowed transformations between solitons and the source
of their internal stability; what new extended phases formed from solitons are possible; how do
solitons interact and/or collapse via formation of defects;, what types of dynamics in spintronic
devices can be realized etc.? | aimed at thorough investigation of the reaction of topological
solitons on external stimuli such as magnetic/electric field, surface anchoring and/or temperature.
An additional goal was to come up with alogical design of future spintronic devices based on the
current-driven dynamics of solitons as obtained by the numerical micromagnetic experiments.

The theoretical part of the project relied on the numerical experiment, for which | used high
performance computer clusters at IFW Dresden. Up to 80 different spin states with millions of
spins could be addressed simultaneously making statistics very prompt. In addition, | used open
software such as mumax3 to double-check the results of self-written numerical routines. In
addition, | combined such mathematical disciplines as homotopy and knot theories as well as the
methodology of partia differential equationsto enrich the systematics of the search.

The experimental part was done in collaboration with the group of Prof. Katia Pappas (Delft, the
Netherlands). We used versatile indirect techniques such as neutron scattering, magnetization and
ac magnetic susceptibility measurements.



The results of the research project have been published in 13 papers in international refereed
journalswith animpact factor not lessthan 3.5. 70% of the budget was spent to buy computational
computers for students and textbooks, since there was no support from Hiroshimauniversity. Asa
result, 3 papers were published with master students being the first authors.

The papers include new findings on two- and three-dimensional solitons as well as severa
experimental papers.

First of al, together with the master student N. Mukai (2 published papers), wefound two varieties
of 2D bimerons in easy-axis and easy-plane chiral magnets. Remarkably, easy-plane bimerons
attract each other and thus give an excellent opportunity to construct clusters with diverse
arrangement of constituent bimerons, e.g., one may form round “supermolecules” — “roundabouts”
and “crossings” - or create polymer-like networks with branching. Bimeron “polymers” are
believed to have non-trivial magnonic properties and current-driven dynamics.
Three-dimensional skyrmions were investigated together with the master student T. Shigenaga (1
published paper). Many unique properties of skyrmions in wedge-shaped samples were revealed
what makes them more attractive candidates for spintronics as compared with skyrmionsin thin
films.

Four papers were published in collaboration with Prof. Katia Pappas, which include theoretical
explanation of the experimenta results on high- and low-temperature skyrmion states in a Mott
insulator Cu20SeO3.

Four papers were published as a single-author paper. Here | touched many aspects of such chira
solitons as hopfions, torons, bobbers or skyrmions with “soft” modulus.

Unfortunately, due to the lack of the budget, | could not attend conferences. | did only 4 invited
talks at local conferencesand 1 invited lecture.
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