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Designer Dirac Fermions, Topological Phases, and Gauge Fields in Molecular Graphene
HARI C. MANOHARAN, Department of Physics, Stanford University / Stanford Institute for Materials and Energy Sciences
The observation of massless Dirac fermions in monolayer graphene has propelled a new area of science and technology
seeking to harness charge carriers that behave relativistically within solid-state materials. Using low-temperature scanning tunneling microscopy and spectroscopy, we show the emergence of Dirac fermions in a fully tunable condensed-matter
system—molecular graphene—assembled via atomic manipulation of a conventional two-dimensional electron system in a
surface state. We embed, image, and tune the symmetries underlying the two-dimensional Dirac equation into these electrons
by sculpting the surface potential with manipulated molecules. By distorting the eﬀective electron hopping parameters into
a Kekulé pattern, we ﬁnd that these natively massless Dirac particles can be endowed with a tunable mass engendered by the
associated scalar gauge ﬁeld, in analogy to the Higgs ﬁeld. With altered symmetry and texturing of the assembled lattices, the
Dirac fermions can be dressed with gauge electric or magnetic ﬁelds such that the carriers believe they are in real ﬁelds and
condense into the corresponding ground state, as conﬁrmed by tunneling spectroscopy. Using these techniques we ultimately
fabricate a quantum Hall state without breaking time-reversal symmetry, in which electrons quantize in a gauge magnetic
ﬁeld ramped to 60 Tesla with zero applied laboratory ﬁeld. We show that these and other chiral states now possible to realize have direct analogues in topological insulators, and can be used to guide or conﬁne charge in nontrivial ways [1].
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