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Hofstadter Butterfly of Composite Fermions
Spanton, E.M (UCSB); Zibrov, A.A.; Zhou, H. (UCSB); Taniguchi, T.; Watanabe, K. (NIMS, Japan); Zalatel, M.P. (Microsoft) and Young, A.F (UCSB) 
Introduction

Two dimensional electrons in a periodic potential and a strong magnetic field exhibit a fractal energy structure called the ‘Hofstadter butterfly’. Nowhere is the butterfly more strikingly observed than in graphene/boron nitride heterostructures, where alignment of the crystal axes of the boron nitride to the graphene produces the required periodic potential. An open question within this field is the effect of electronic interactions: how does the butterfly spectrum reconstruct when interparticle interactions are strong?  The interplay between electronic correlations and lattice potentials is highly analogous to basic questions in solid state physics, as well as cold atomic gases in optical lattices.  

In the absence of a periodic potential, it has long been known that electronic interactions lead to novel states at fractional filling of a Landau Level—the fractional quantum Hall effect--which can be understood within a picture of weakly interacting composite fermions formed by attaching flux quanta to the electrons. An open experimental question is whether composite fermions, which are formed by electron interactions, can also form Hofstadter states, forming what recent literature has referred to as ‘fractional Chern insulators’—electronic states with fractionally quantized Hall appearing at partial filling of a Hofstadter band [2].  
Experimental 

We studied the magnetocapacitance of a new generation of ultra-clean bilayer graphene devices, fabricated by encapsulating the graphene with both hBn and top and bottom graphite gates. Measurements were performed in cells 9, 12, and 15 of the DC Field Facility.
Results and Discussion


When plotted vs. electron density (n) and magnetic field (B), quantum Hall and Hofstadter states can be characterized by two topological quantum numbers (s and t) following

n/n0 = t*B/B0 + s


[image: image2.jpg]where B0 and n0 are constants set by the period of the superlattice. States with s=0 correspond to integer (for t integer) and fractional (for t fractional) quantum Hall states. States with integer t and non-zero, integer s are Hofstadter butterfly states. Recently, states with integer t and fractional s have been observed [3, which arise from charge density wave instabilities that break lattice symmetry but do not host charge fractionalization. Our primary result is the observation of states with fractional s and fractional t (Fig. 1), consistent with a Hofstadter butterfly of composite fermions[1].

Conclusions

Previous theoretical and experimental work has suggested that the periodic moiré potential competes with interaction-driven states supporting charge fractionalization. We find that this is not always the case. The fractional Hofstadter states we observed are the first experimental example of fractional states formed in a band which is not a Landau level, and the first experimental example of a ‘fractional Chern insulator.’[3]
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Fig.1 Penetration field capacitance (Cpen) vs. the sum of the applied top and bottom gate voltages (n0). A selection of the observed states are labeled by their quantum numbers t and s, according to Eqn. 1.









