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— We discuss our recent measurements of the dynamics of global mass currents of
ultracold 40K in a cubic optical lattice using a quantum gas microscope [1]. A peri-
odic force is applied by sinusoidally displacing a harmonic optical potential. In the
linear response regime, the ratio between current and force gives the conductivity,
through Ohm’s law. For various lattice depths, temperatures, interaction strengths,
and fillings, we measure both the real and imaginary conductivity, up to a frequency
sufficient to capture transport dynamics within the lowest band, and well below the
band gap. The spectral width of the real conductivity reveals the current dissipation
rate, and the integrated spectral weight is related to thermodynamic properties of
the system through a sum rule. We observe that a finite lattice depth causes relax-
ation of current due to the breaking of Galilean invariance, which enables damping
through collisions between fermions. We also discuss measurements in progress on
applying this experimental technique to a strongly correlated regime of large on-site
interactions, one-dimensional systems, and disordered systems.
1R. Anderson et al., Phys. Rev. Lett. 122, 153602 (2019).
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