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Abstract: Two-dimensional (2D) quantum materials have attracted much excitement due to the
many interesting physical properties that emerge when they are thinned down to single atomic
layers. Graphene, for instance, is a single layer of the ordinary graphite found in your pencil lead,
yet its electrons behave like relativistic massless Dirac fermions. This has allowed graphene to act
as a tabletop testbed for exploring novel forms of symmetry breaking and for verifying
longstanding theoretical predictions in relativistic quantum mechanics.

Importantly, owing to its exposed surface, graphene’s electronic properties can be precisely
tailored by the presence of atomic defects. In this talk I will present atomic scanning probe and
photoemission spectroscopy experiments that highlight how the spatial arrangement of such
defects can be harnessed to create novel electronic states in graphene. In the first part, I will show
how different types of atomic scatterers peppered above (or below) graphene can self-assemble
and drive the formation of new and topologically distinct collective density wave phases in
graphene. In the second part, I will show that when substrate defects instead form large,
amorphous clusters, they can create local potentials that can trap graphene’s quasi-relativistic
electrons into quantized atomic-like orbitals, opening the door to studying 2D analogs of large,
relativistic “Dirac atoms.”
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