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Imaging charge carrier motion through phase transitions in graphene
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Abstract: The paths that charge carriers follow as they traverse a material are heavily
influenced by the local electronic phase of the material. This electronic phase is, in turn,
governed by particle interactions, which depend on several factors, including carrier
density, temperature, and magnetic field. In this talk, I will present how scanning tun-
neling potentiometry (STP) can be employed to map the flow of charge carriers through
graphene as the quasiparticles transition between different electronic phases and trans-
port regimes. [ will begin by demonstrating how STP measurements can uncover the
electrochemical potential profile created by carrier motion within a current-biased
sample. These measurements are performed using conventional scanning tunneling
microscopy (STM), which probes the sample in situ while it carries an electrical cur-
rent. Next, I will discuss how an STM tip can be utilized to create electrostatic barriers
within a sample by injecting charge into the substrate. By performing subsequent STP
measurements, we can directly observe how charge carriers navigate these barriers
under varying temperatures and magnetic fields. At higher temperatures, our results
reveal that electrons enter a viscous, hydrodynamic phase, where their motion is charac-
terized by minimal scattering even in the presence of barriers. In contrast, under strong
magnetic fields, our measurements show that quasiparticles adopt trochoid-like trajec-
tories, forming localized bound states around defects as the system transitions into the
quantum Hall regime.
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