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Nematicity TBG: Y. Cao, D. Rodan-Legrain, J. M. Park, N. F. Q. Yuan,
K. Watanabe, T. Taniguchi, R. M. Fernandes, L. Fu,
and P. Jarillo-Herrero.  Science 372,
264 (2021)

Iron-based superconductor                     
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     Copper-oxide superconductors

Lawler, M.J. et al, 2010. Nature, 
466(7304) | Chuang, T.M, et al , 2010. 
Science, 327(5962), pp.181-184. | 
Fernandes, R.M., Chubukov, A.V. and 
Schmalian, J., 2014. Nature physics, 
10(2), pp.97-104.
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STM

Scheurer, M.S., 2019. Spectroscopy of graphene with a magic twist. Nature, 
572(7767), pp.40-41.

R. Samajdar, M. S. Scheurer, S. Turkel, et 
al. 2D Materials 8, 034005 (2021).
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Using AI to detect nematicity

Goetz, J.B., et al 2020.  SciPost Physics, 8(6), p.087. 5



 

Using AI to detect nematicity

● ~90% exp dataset nematic;
● Need at least one hidden layer - > Non linearity…;
● Disorder in TB model is needed;
● No microscopic form;

Goetz, J.B., et al 2020.  SciPost Physics, 8(6), p.087.

Nematicity in TBG
Taranto, W., et al 2022. arXiv 
preprint arXiv:2203.04449.
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Twisted double-bilayer graphene (TDBG)

● Stiffness of bilayer graphene → uniform 
samples, low strain.
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Local Density of States (LDOS)
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Nematicity in TDBG

Rubio-Verdú, C., et al, 2022. Nature 
Physics, 18(2), pp.196-202. | R. 
Samajdar, M. S. Scheurer, S. Turkel, 
et al. 2D Materials 8, 034005 (2021).
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Nematicity in TDBG
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Nematicity in TDBG

 Graphene nematicity (GN);
 Moiré Nematicity (MN);

R. Samajdar, M. S. Scheurer, S. 
Turkel, et al. 2D Materials 8, 034005 
(2021).
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Moiré Nematicity (MN)
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Moiré Nematicity (MN)
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Graphene nematicity (GN) 
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Graphene nematicity (GN) 

15



 

Solving the Inverse Problem
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DL Architecture

I. J. Goodfellow, J. Shlens, and C. Szegedy, “Ex-
plaining and Harnessing Adversarial Examples,” (2015),
arXiv:1412.6572 [cs, stat].
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@https://en.wikipedia.org/wiki/
Kernel_(image_processing)

CNN’s learning procedure
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DL Architecture

I. J. Goodfellow, J. Shlens, and C. Szegedy, “Ex-
plaining and Harnessing Adversarial Examples,” (2015),
arXiv:1412.6572 [cs, stat].
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Orientation of Nematic Director
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with gaussian noise
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New architecture
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Back to the nematic microscopic form

Learn
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Form of nematicity
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Including strain

Learn

Bi, Z., Yuan, N.F. and Fu, L., 2019. Physical Review B, 100(3), p.035448.
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Including strain
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MNGN Strain

● Can we apply the trained CNN directly to experimental data?
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Beyond TDBG and the continuum model
Minimal tight-binding model 
(four bands per spin &valley)
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Beyond TDBG and the continuum model

Nematic order

if we focus on leading lattice harmonic
Learn
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Overview and Outlook

● Microscopic parameter learning from data (kind 
of Hamiltonian Learning);
 

● CNN’s can distinguish nematicity and strain 
influence.

● Applicability beyond the continuum model and 
TDBG;

● Automated analysis of larger datasets;

● Extensible  to a variety of 
experimental setups? Comparison 
between different theoretical models?

● Possible crossover between GN and MN for 
TDBG;
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Backup slides
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Number of channels and overfitting

35



Average over different runs
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Robustness regarding impurities
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Preprocessing of the experimental data
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Preprocessing of the experimental data
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Preprocessing of the experimental data
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Preprocessing of the experimental data
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Limitations of theoretical model/data 
resolution
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Interpretability? Correlations in AI nematic study

NematicSymmetrical

Both

Goetz, J.B., et al 2020.  SciPost Physics, 8(6), p.087. 44



 

Tight Binding in TDBG
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More nematic couplings: Intervalley GN
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More nematic couplings: Intervalley GN

R. Samajdar, M. S. Scheurer, S. Turkel, et al. 2D Materials 8, 034005 (2021).
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