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Introduction
	A strong magnetic field perpendicular to a 2D electron/hole system (2DES/2DHS) quantizes the particles’ kinetic energy into a set of highly degenerate Landau levels. The dominating Coulomb interaction then gives rise to numerous, exotic quantum many-body phases, such as fractional quantum Hall state (FQHS), Wigner crystal, stripe phase, etc. Our studies of multi-subband 2DHSs reveal a two-component, striped Wigner crystal near  = 1/2 [1], as well as a subtle competition between the even-denominator FQHS and stripe phases at  = 3/2 [2].

Experimental
	Each of our samples consists of a high-quality GaAs quantum well bounded on its sides by undoped AlGaAs spacer and symmetric carbon -doping layers. We carefully control the density and charge distribution by applying front- and back-gate voltages. The measurements were carried out in the SCM1 system.

Results and Discussion
	Our finding of the anisotropic insulating phase is highlighted in the Fig. 1(e) data. This insulating phase develops at B > 8 T, signaled by the large longitudinal resistances (> 25 k). Both Rxx and Ryy increase as temperature is decreased, and Ryy is about 10 times larger than Rxx near  = 1/2 while the system remains nearly isotropic near  = 1. This insulating phase is likely two-component. First, the system exhibits many two-component states near  = 1. There are uncharacteristically strong FQHSs at the even-numerator fillings  = 4/3, 6/5, 6/7, and 4/5, similar to what is seen in bilayer 2DESs with extremely small energy separation between the lowest two Landau levels. We also observe “imbalanced” two-component FQHSs at very unusual fillings such as  = 19/15 and 29/35: for example, the  = 19/15 FQHS has fillings 2/3 and 3/5 for its two components. Second, we also observe strong two-component FQHSs at the even-denominator filling  = 1/2 at smaller or higher  [1]. Therefore, we associate this insulating phase with a pinned, anisotropic, two-component Wigner crystal.
[image: ]Fig.1 (a) Conceptual plot of an anisotropic Wigner crystal. (b) The charge distribution (red) and potential (black) at B = 0. (c) Experimental geometry: Rxx and Ryy denote the longitudinal magneto-resistance measured along and perpendicular to the parallel magnetic field (B||), respectively. (d) Schematic diagram, showing the crossing of the lowest two Landau levels at  ≃ 35° near  = 1. (e) Magneto-resistance traces measured at tilt angle  ≃ 35° for a 2DHS with density p = 1.28 × 1011 cm−2 and confined to a 40-nm-wide GaAs quantum well. 


Acknowledgements
[bookmark: _GoBack]	A portion of this work was performed at the National High Magnetic Field Laboratory, which is supported by NSF Cooperative Agreement No. DMR-1157490 and the State of Florida. We also acknowledge support through the NSF (Grants DMR-1305691, DMR-1420541, and ECCS-1508925), the DOE BES (Grant DE-FG02-00-ER45841), the Gordon and Betty Moore Foundation (Grant GBMF4420), and the Keck Foundation.

References
[1]	Liu, Yang, et al., Physical Review Letters 117, 106802 (2016).
[2]	Liu, Yang, et al., Physical Review B 94, 155312 (2016).



image1.png
(@) = = =

(b)

W =40 nm





image2.jpeg
<




