Heterostrain effect on magic-angle twisted graphene layers flat-bands

Florie Mesple'*

Ahmed Missaoui?, Tommaso Cea?®, Loic Huder*, Francisco Guinea?®, Guy T. de Laissardiére %, Claude
Chapelier', Vincent Renard '

"Université Grenoble Alpes, CEA, IRIG, PHELIQS, Grenoble, France

2LPTM, Université de Cergy-Pontoise-CNRS, F-95302 Cergy-Pontoise Cedex, France

’Imdea Nanoscience, Faraday 9, 28015 Madrid, Spain

‘Instituto de Ciencia de Materiales de Madrid, CSIC, Madrid, Spain

*European Synchrotron Radiation Facility (ESRF)

*florie.mesple@cea.fr

In twisted bilayers of graphene (TBLG), the interference of two rotated atomic lattices results
in a moiré pattern. Previous research "> has shown that the moiré and its electronic structure
are not only controlled by the rotation between the layers but also by the relative strain
between them (heterostrain). Besides, Scanning Tunneling Microscopy (STM) is the ideal tool
to probe the electronic properties on a nanometer scale while imaging the Moiré and
deducing the exact stacking arrangement of the graphene layers. In this context, it is of
huge interest to look at the prolific STM data available in recent literature from the
perspective of heterostrain. One can use commensurability analysist combined with tight
binding calculations to explore the effects of strain magnitude and direction on the
electronic properties of TBLG systems near magic angle. This meta-analysis work, combined
with calculations, demonstrates that heterostrain dominates twist in determining the flat-bands
near the magic angle, which are further renormalized by electronic correlations effects.
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Figure 1: Sketch of a TBLG with (left) and without (right) heterostrain, with their respective brillouin
zones. The stress is applied to the top (grey) layer as represented by the red arrows.
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Figure 2: Tight-binding calculated LDOS of 1.10° TBLGs in AA zone, depending on the direction of
application 6, of a 0.4 % uniaxial strain (Left) ; and their comparison to experiment for several
stacking configurations (Right)
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