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Quantum sensing is an emerging field in the nanosciences, where individual quantum systems are exploited
as highly precise sensors for nanoscale sensing and imaging of magnetic fields, temperatures and more.
Prime examples are atomic-scale “Nitrogen Vacancy" spins in diamond [3], or scanning superconducting
quantum interference devices (SQUIDs) used as nanoscale magnetometers [4]. These and other approaches
have seen increased attention and success in recent years [5], in particular for fundamental studies and
materials engineering in the nanosciences.

In this project, we will further advance the field by pushing the functionality and performance of nanoscale
guantum sensing and by pursuing a specific application in nano-magnetism. Namely, we will conduct
nanoscale studies of individual magnetic Skyrmions in single-crystal magnets at low temperatures,
ultimately in the sub-Kelvin temperature range, where quantum phenomena are expected [6]. Skyrmions
are topologically non-trivial spin textures that have attracted significant recent attention in the field of
nano-magnetism due to their nanoscale dimensions and enhanced functionalities they promise in
spintronics [7]. To achieve our goals, we will invest in technological improvements for low-temperature
quantum sensing, for which we will also explore novel color-centers (such as the “Silicon-Vacancy” centre)
for sensing.

Our project builds on established technologies in the Maletinsky and Poggio groups and exploits synergies
in their complementary expertise in fields relevant to this project. With this, we propose to bring together
two research groups of the SNI network for a new research project of relevance to quantum-sensing,
nanotechnology and nano-magnetism - as such, the project lies at the heart of the SNI's core activities. The
successful project will bring nanoscale quantum sensing to a new level of performance, and with our
targeted studies of Skyrmion-physics address a key topic in nano-magetism and spintronics. The synthesis
of this project might ultimately enable the observation of quantum- mechanical behavior of individual
Skyrmions at millikelvin-range temperatures [6] - a result of far-reaching nature, which would demonstrate
qguantum-mechanical phenomenon in a solid-state macroscopic spin texture consisting of thousands of
spins.
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