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Revealing orbital magnetism in graphene with a single spin microscope
Detecting and imaging magnetic fields with high sensitivity and nanoscale resolution is a topic of crucial
importance for a wealth of research domains, from material science, to mesoscopic physics, and life sciences.
This is obviously also a key requirement for fundamental studies in nanomagnetism and the design of
innovative magnetic materials with tailored properties for applications in spintronics. Although a large
number of magnetic microscopy methods have been developed in the last decades, imaging magnetism at the
nanoscale remains a challenging task.
It was recently realized that the experimental methods allowing for the detection of single spins in the solidstate, which were initially developed for quantum information science, open new avenues for high sensitivity
magnetometry at the nanoscale. In that spirit, it was recently proposed to use the electronic spin of a single
nitrogen-vacancy (NV) defect in diamond as a nanoscale quantum sensor for scanning probe magnetometry.
This approach promises significant advances in magnetic imaging since it provides non-invasive, quantitative
and vectorial magnetic field measurements, with an unprecedented combination of spatial resolution and
magnetic sensitivity.
The objective of the PhD project is to exploit the unique performances of scanning-NV magnetometry to
detect orbital magnetism in graphene. This material has attracted tremendous interest over the last years
owing to its extraordinary electronic properties. The ‘honeycomb’ structure of the carbon atom lattice in a
graphene monolayer is at the origin of a very peculiar band structure leading to spectacular signatures in
transport, such as the quantum Hall regime. Whereas electronic transport has been extensively studied both
theoretically and experimentally, orbital magnetism in graphene has not yet been explored experimentally,
despite surprising theoretical predictions. Here we will use a scanning-NV magnetometer (i) to map the
magnetic susceptibility over a graphene layer with nanoscale resolution and (ii) study its dependence with the
Fermi level while applying a gate voltage to the graphene sample. These experiments will likely open a large
range of perspectives like imaging spin currents or ferromagnetic defects in graphene spintronics devices.
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