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Complex magnetism at the nanoscale: from skyrmions down to single adatoms
Abstract:

Functional magnetic materials are key elements in many present-day technologies, and their physics spans many orders of magnitude in length
and timescales. This poses great challenges for computational materials modelling. In this talk, | will present some highlights of our work
combining the development of novel theoretical approaches and cutting edge methodologies that harness modern supercomputing resources
in order to answer some of those challenges. | will focus on two important aspects: magnetic fluctuations and defects, which determine
several physical properties of a material and the viability of a device. Spin fluctuations, being thermal or quantum, are expected to be
enhanced when reducing the dimensionality of a material or when competing magnetic interactions are present. They lead to the temperature
dependence of the magnetic anisotropy energy, which sets an upper limit to the coercive field of permanent magnets, and are directly
exploited in magnetocaloric cooling, as they control the relative stability of different and possibly competing magnetic phases. | will address
guantum magnetic fluctuations in atomic-scale magnets and their implication in designing their hysteresis while reshaping a whole set of
magnetic interactions [1,2,3]. Then | will demonstrate how the latter are renormalized by thermal fluctuations, which allows us to solve the
magnetic puzzle of B20-MnGe characterized by a three-dimensional spin-texture, for which we recover the magnetic phase diagram when we
account for higher order interactions [4,5]. Finally, | will show that the energy landscape of topological spin-swirling spin-textures, so-called
magnetic skyrmions, obey a universal behavior when interacting with transition metal defects [6]. The latter can be very useful by enabling
either optical or all-electrical detection mechanisms [7].
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