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Two-dimensional materials characteristically have weak van der Waals interactions 

between layers allowing 2D heterostructures to be designed by stacking 2D crystals. 

Generally, the electronic structures of individual 2D layers are retained in the 

heterostructure, with weak coupling between layers. However, these weak inter-layer 

interactions can lead to dramatic twist-angle dependent effects, such as transforming 

normally metallic graphene into a superconductor by a “magic angle” moiré superlattice 

potential [1]. This has led to the new field of twistronics, engineering electronic structure 

and properties through twist-angle dependent interactions. 

 

Here we report a new twistronic effect whereby it is possible to engineering strong interlayer 

coupling at defined energy and momenta in otherwise weakly coupled systems. This result, 

observed in angle resolved photoemission spectroscopy (ARPES) [2], is measured in 

heterostructures of graphene combined with semiconducting post transition metal 

chalcogenides and can be explained by Umklapp scattering. This effect is important as it 

provides a new tool for controlling charge transport between layers of 2D materials. 
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Figure 1: Twistronic effects in InSe, revealed by ARPES. (a) Schematic representing how the Brillouin 

zone of InSe and graphene overlap at different twist angles. (b) Depiction of how InSe and 

graphene bands interact with twist angle (at energy near the valence band maximum). (c) ARPES 

cross sectional slice at constant energy and (d) DFT calculation.  


