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Summary of the project (approx. 200 words)
*KU project leaders are required to submit a summary of the project in Japanese in addition to the
English summary (approx. 400 characters).

The quantum nature of magnetic skyrmions - Ingredients of future quantum technology?

Magnetic Skyrmions are topologically protected magnetic textures and have been experimentally observed in
correlated materials, e.g., in MnSi and EuO. In a magnetic skyrmion, the local direction of the spins (magnetic
moments) depends on the position, stretching over all possible directions of a sphere. Magnetic skyrmions are
anticipated to be used in future memory and logic devices because of their compactness and stability. Furthermore,
magnetic skyrmions create an emergent electromagnetic field, which is responsible for exciting phenomena such as
the topological Hall effect. Magnetic skyrmions have been intensively studied using classical models; the quantum
nature of the constituting particles has been mostly neglected. However, when devices become smaller, and in sight
of the recent quantum revolution, the classical approach misses an important part of the skyrmions’ nature. Yet,
calculations of quantum skyrmions are challenging. One would need a quantum computer to simulate them
efficiently. Therefore, our project explored novel approaches how to numerically understand quantum skyrmions.
We took two approaches that have not been followed so far: (1) The quantum skyrmion is formed by localized
electrons and their magnetic moments (2) Artificial neural networks and machine learning techniques help analyzing
the quantum properties of the complicated and memory-intense skyrmion ground states.

By combining the excellence in natural sciences of UHH and KU, we were able to shed light on the quantum
nature of magnetic skyrmions by these techniques and have found that (1) Quantum skyrmions can create a
quantum skyrmion Hall effect, similar to the famous quantum Hall effects of topological electronic systems (2)
The central spin of quantum skyrmions is unentangled to the remaining spins. This property is an interesting
feature for possible future experiments and applications of magnetic skyrmions to build next-generation
quantum technologies.
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