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Introduction

The electronic structure of graphene has a four-fold symmetry with spin and valley, which, together with the linear band dispersion is expected to lead to novel fractional quantum hall (FQH) states. Experimental probes of this regime however have remained limited.  While compressibility measurement of high quality devices has rapidly progressed, enabling detailed measurement of the FQH bulk response, transport measurement, where the edge modes may be directly assessed, has remained limited.  The reason for the limited capability to probe FQHE by transport remains speculative and could relate to several contributing factors such as large scale density inhomogeneities, remote impurity scattering, edge disorder, and electrical contact issues. By taking advantage of the =0 state in graphene, in which both the bulk and edge modes are gapped, we recently demonstrated that it is possible to electrostatically define graphene Hall bars under finite magnetic fields. Fabricated in this way, our devices show a remarkable enhancement in the transport quality of the FQHE. We are able to resolve  =p/3 Laughlin states, emerging at as low as 5T. At large magnetic fields, we observe for the first time transport, signatures of the four-flux composite fermion series in graphene. 

Experimental 

A novel gate design allow us to selectively deplete graphene by tuning regions to the =0 gapped state, resulting in an electrostatically defined Hall bar device. Magnetotransport is performed at temperatures down to ~300 mK and magnetic fields up to 45 Tesla.  
Results and Discussion
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Fig. 1 shows transport data acquired at B = 45 T. We observe a remarkable enhancement compared to previously reported studies of graphene with etch-defined shapes. We are able to identify both two-flux states around  =1/2 and four-flux states around  =1/4 and 3/4, This represents the first observation of the higher-order composite Fermion series in graphene.  Additionally we find preliminary evidence of FQHE states emerging in the third Landau level (not shown), suggesting the first observation of the FQHE in any system beyond the first excited LL. Inset shows a cartoon schematic of the device structure. The graphene layer is tuned everywhere to the =0 gap. A top gate, predefined in the shape of a Hall bar, is then utilized to bias the active channel region to a finite density in an accumulation scheme. 
Conclusions

Electrostatically defined graphene Hall bars lead to significant enhancement in our capability to probe the fractional quantum Hall effect in monolayer graphene.  Signatures of both the two-flux and four-flux composite fermion series are observed [1]. Most striking, we find evidence of FQHE states in the third Landau level.  This represents the first observation of the FQHE in any system beyond the first excited Landau level.
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