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Magnetic Exciton Superfluidity in Bilayer Graphene Double-Layer
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Introduction

Electronic double-layer (EDL) structures, consisting of two parallel conducting layers separated by a thin dielectric, provide a versatile platform to study Coulomb interaction driven phenomenon. In an EDL under strong magnetic field, electron-like and hole-like quasi-particles emerging from partially filled Landau levels (LL) of each layer can bind into excitons by Coulomb attraction and form a Bose-Einstein condensate (BEC) phase. The exciton BEC is also a superfluid of excitons and enable study of BEC at temperatures much high than their cold atom counterpart.

Using the van der Waals stacking method, we create high quality bilayer graphene double layer structure, with the interlayer separation as close as 3nm. We observed exciton BEC in two-dimensional material platform for the first time and discovered a record high transition temperature of 8K. The wide-range tunability of densities and displacement fields enables exploration of a rich phase diagram of BEC across Landau levels with different filling factors and internal quantum degrees of freedom.
Experimental


Coulomb drag measurements were performed under magnetic field of 25 Tesla in cell 9 at NHMFL in a He3 refrigerator.
Results and Discussion
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Fig.1A shows the Hall-drag (blue), magneto-drag (green) and Hall resistance of the drive layer (red) as a function of filling factors of both layers at B=25T and T=300mK. The exciton BEC state are identified by the dashed line, where a near quantized Hall drag resistance is observed even the two layers are completely insulating to each other. The insert is the device image. Fig.1B shows the Hall-drag as a function of top and bottom layer filling factors. Different interlayer coherent states are identified by strong Hall drag signals as marked by the dashed squares.









