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How heterostrain controls the flat bands of 

twisted bilayers of graphene ? 

10 nm

Scanning Tunneling MicroscopyScanning Tunneling Spectroscopy

Information on the flat bands

Information on heterostrain 
& stacking configuration

Link with Continuum and Tight 
binding calculations
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The most important

Reference: F. Mesple* et al. Phys. Rev. Lett. 127, 126405, 2021 *florie.mesple@cea.fr
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Twisting two layers of graphene
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Highly tunable system

Y. Cao et al. Nature 556, 80 (2019)
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Flat-bands in low angle twisted bilayers of graphene
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Highly tunable system

Y. Cao et al. Nature 556, 80 (2019)
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Flat-bands in low angle twisted bilayers of graphene
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Highly tunable system
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Flat-bands in low angle twisted bilayers of graphene
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Highly tunable system
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Flat-bands in low angle twisted bilayers of graphene
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Highly tunable system
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Flat-bands in low angle twisted bilayers of graphene
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Highly tunable system

Y. Cao et al. Nature 556, 80 (2019)
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10

Highly tunable system

Y. Cao et al. Nature 556, 80 (2019)

boosted interactions

Flat-bands in low angle twisted bilayers of graphene
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Highly tunable system

Y. Cao et al. Nature 556, 80 (2019)

Y. Cao et al. Nature 55, 43–50, (2019)

Measurement of correlated states
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L. Balents, C. R. Dean, D. K. Efetov, and A. F. Young Nature Physics 16(7), 725–733 (2020)

A variety of Twisted bilayers of graphene
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Tracking the vHs with STS
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Y. Choi et al. Nature Physics 15, 1174–1180 (2019)

Y. Xie et al. Nature 572, 101–105 (2019)
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A variety of Twisted bilayers of graphene
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L. Huder et al. Phys. Rev. Lett. 120, 
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A sensitive system
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Heterostrain : schematic view
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Heterostrain in experiments



No calibration artefacts

Commensurate cell :

Heterostrain in experiments
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Heterostrain in experiments
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● By including heterostrain, we describe the physics !

Tight binding calculations

L. Huder et al. Phys. Rev. Lett. 120, 
156405 (2018)

A. Kerelsky et al. Nature 572, 95–100 
(2019)

Y. Choi et al. Nature Physics 15, 1174–
1180 (2019)

Heterostrain in TB calculations
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Heterostrain in TB calculations
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van Hove spacing as a function of strain
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Meta-analysis

van Hove spacing as a function of twist angle
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van Hove spacing as a function of doping

TB predictions

ΔEE0ΔEE* 

Meta-analysis
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→ Need to include interactions

Meta-analysis

van Hove spacing as a function of strain
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Meta-analysis
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van Hove spacing as a function of strain
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→ The physics of TBLG near magic angle are 
controlled by strain, not by interlayer angle.

→ Efficient method to extract « average » strain 
from STM images

→ Motivation to further investigate the complex 
parameter space that controls the physics at play
(tip induced strain, inhomogeneous strain, 
electrostatic environement, local tip doping, ...) 

Take home message

N. Nakatsuji, M. Koshino, arXiV (2022)
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