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Magnetic sensing at the single atom level

Unraveling many of the current dilemmas in condensed matter and nanoscience hinges on the advancement of
techniques which can probe the spin degree of freedom with high spatial and temporal resolution. Scanning
tunneling microscopy (STM) has been a preeminent method at probing magnetic properties with single atom
precision. For example, we have shown that atomic-scale magnets can be built from individual atoms and its
resultant magnetization can be measured (1, 2). Likewise, we have characterized the development of magnetic
remanence and its response to spin-transfer torque (3). However, STM methods have traditionally been limited to
certain classes of materials, and also face limitations in structural determination, energy and momentum
resolution, as well as suffer from poor temporal resolution. In this talk, | will review a number of new state of the
art developments in scanning tunneling microscopy, and its application to magnetic characterization of magnetic
materials, including single atoms and magnetic films. First, | will discuss the evolution of spin-resolved STM, toward
milliKelvin temperature enabling the highest resolution characterization of magnetic surfaces (4, 5). Then | will
discuss the implementation of a microwave-wave source within this system, in order to perform GHz pump-probe
and electron spin resonance spectroscopy with atomic-scale resolution. | will highlight how time resolution can be
utilized to learn about the dynamics and structure of a radical molecule. | will then discuss a method to
simultaneously perform spin-resolved STM as well as detect the local exchange force, and its application to detect
magnetic interactions with atomic-scale precision (6-8). Finally, | will present an outlook on future perspectives in
the field of surface magnetism and the promising application of single spin detection to broader scopes in
nanoscience as a whole.
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