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Abstract 
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Graphene/boron-nitride (BN) heterostructures have emerged as a very promising system for band 

engineering and exploring new physics in graphene. Our magneto-optical study of Landau levels 

in graphene/BN heterostructures revealed an intrinsic bandgap of ~ 38 meV (440 K) that is 

significantly larger than those found in previous experiments and single-particle theories. We also 

found that the inter-Landau-level transitions of massive Dirac fermions in this system are strongly 

renormalized by interaction effects. The surface states of topological crystalline insulators (TCI) 

arise from the topology of the bulk bands and are protected by crystalline symmetries. We 

investigated the infrared reflectance spectrum of a TCI Pb1-xSnxSe in zero and high magnetic 

field with alloy compositions in both the trivial and TCI phases. Analysis of the interband Landau 

level transitions of the TCI phase shows that their bulk bands can be well described by massive 

Dirac fermions. Moreover, our optical data have revealed several signatures of the surface states 

in the TCI phase. I will discuss the implications of our results for fundamental studies of Dirac 

fermions in graphene and topological insulators.   
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