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Excitonic Superfluid Phase in Double Bilayer Graphene
Li, J.I.A. (Columbia U., Physics); Hone, J. (Columbia U., Mechanical Engineering) and Dean, C. (Columbia U., Physics)

Introduction 

Spatially indirect excitons can be created when an electron and a hole, confined to separate layers of a double quantum well system, bind to form a composite Boson. Because there is no recombination pathway such excitons are long lived making them accessible to transport studies.  Moreover, the ability to independently tune both the intralayer charge density and interlayer electron-hole separation provides the capability to reach the low-density, strongly interacting regime where a BEC-like phase transition into a superfluid ground state is anticipated. To date, transport signatures of the superfluid condensate phase have been seen only in quantum Hall bilayers composed of double well GaAs heterostructures. We report observation of the exciton condensate in the quantum Hall effect regime of double layer structures of bilayer graphene [1].  
Experimental 

Magneto-transport experiment is performed in double bilayer graphene device [2]. The temperature dependence measurement from 20mK to 1K, and field dependence up to 18T is performed in SCM1. Temperature dependence up to 10K and field dependence up to 30T was performed in Cell9.
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In Fig.1, drive layer Hall resistance shows a conventional behaviour with well defined QHE plateaus observed at =1 and 2, while the magnetodrag is near zero at this sample temperature over most of the density range.  However, when the drive and drag layer densities add to give T=1, drive layer Hall resistance deviates strongly from its single-layer value and instead exhibits a re-entrant behaviour, quantizing to h/e2. At this same total filling, the Hall drag quantize to this same value. Magneto drag first rises dramatically in the vicinity of T=1 and then goes to a local zero.

Conclusions

Evidence of excitonic superfluidity is observed in double BLG heterostructure in the quantum Hall regime. Quantized Hall drag as well as vanishing counterflow Hall resistance identify the T=1 state to be a counterflow superfluid phase.  This work marks the beginning of systematic study of excitonic superfluidity in graphene double layer heterostructures. Access to magnetic field up to 30T provides the capability of engineering and study the superfluid state in the quantum Hall regime, which paves the way for fully mapping the phase diagram.  
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Fig.1 shows the Hall drag and drive layer Hall resistance for varying magnetic field measured along a line of varying density in the drive layer.









