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New tools to explore skyrmions:
Neural networks and guantum computers

Amazing progress in the development of machine-learning techniques changes our every-
day life and can also facilitate the solution of challenging problems in material science and
related fields in physics. In my talk, I will discuss neural network approaches that our
group has developed for the recognition and classification of topological non-collinear
magnetic structures, skyrmions formed in two- and three-dimensional materials at finite
temperatures and magnetic fields [1,2]. In contrast to standard methods of machine learn-
ing, such approaches facilitate the analysis of critical transitional areas between different
magnetic phases. A special focus lies on the recurrent neural network classifier of skyrmi-
onic processes driven by ultrafast magnetic pulses [3].

The second part of my talk will be devoted to a quantum skyrmion state formed in sys-
tems with predominant Dzyaloshinskii-Moriya interactions [4]. Such a state differs from
classical skyrmions and cannot be detected with magnetization profile by using a spin-
polarized scanning tunneling and Lorenz microscopy. To perform a complete characteriza-
tion of this quantum state, we use the calculated spin structure factors and topological
skyrmion numbers. Experimentally, the quantum skyrmion state can be realized with state-
of-the-art quantum computers.
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