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Introduction
At sufficiently low density, electrons in  quantum wells  form a thick single layer. In the Wigner-solid regime at the low-Landau-filling () termination of the FQHE series, a 2D electron system (2DES) exhibits a striking microwave resonance, that is understood as a pinning mode, in which the carriers oscillate within the potential of residual disorder that pins it.  Pinning modes are of value [1,2] for studying this and other electron solid phases in 2DES, yet the nature of the disorder that is relevant for determining the pinning mode remains unclear. Many
years ago Fertig [3] proposed that interface roughness disorder, which is much smaller in magnitude than disorder near a charged impurity, and also of small spatial correlation length, is what is relevant to determining the pinning mode frequency

Experimental
We carried out coplanar waveguide-based transmission line spectroscopy in SCM1 and in Engel lab, following the methods outlined for example in ref. 1, with the addition of a front gate spaced away from the sample to allow microwave transmission. We obtain spectra at many biasing the front and backgates oppositely so as to shift the growth-direction wave function in the well without changing the overall density, to which the pinning modes resonances are known to be sensitive.

Results and Discussion
Spectra from a quantum well with and without this “shifting” bias are shown the top and bottom panels of the figure. As expected, the wave function-shifted resonance has higher peak frequency, which in Fertig’s picture would be ascribed to larger interface roughness disorder. The higher-onset for the shift is due to stabilization against fractional quantum Hall liquid






Fig. 1: Many spectra, real diagonal conductivity Re(xx)vs frequency, f, for a 60 nm wide quantum well. Spectra are offset proportional to Landau filling, , for clarity. The asymmetry is characterized by an effective charge transfer, n, from the top half of the well to the bottom half.

Conclusions
More work is needed to develop systematic and quantifiable dependence of the resonance on the wave function shifting.
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