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The atomically thin structure of graphene makes it a powerful platform for controlling quantum 

transport. In this talk, I will outline our recent work on dual-gated twisted bilayer graphene, 

both with and without ultra-thin, tunable hBN spacers, which provides near-atomic control of 

interlayer coupling and enables moiré band engineering. I will then discuss how cavity-coupled 

graphene (arXiv:2506.21409) and dielectric engineering can be used to tailor disorder and the 

electromagnetic environment, offering additional handles to tune electronic properties. Finally, 

I will describe how van der Waals (vdW) heterostructures with semiconducting transition metal 

dichalcogenides [Nat. Commun. 14, 6124 (2023)] and 2D magnetic materials introduce spin-

orbit and magnetic effects into graphene while preserving its excellent transport properties. 

Together, these approaches demonstrate that vdW heterostructures enable fine control over 

interlayer, spin-orbit, and magnetic couplings, as well as the surrounding electromagnetic 

landscape, opening routes to new quantum phenomena in graphene-based systems. Financial 
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