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Using Al to detect nematicity

H = Hy+Hp, DOS
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Using Al to detect nematicity

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

Nematicity in TBG
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* ~90% exp dataset nematic; . )
* Need at least one hidden layer - > Non linearity...; | @.
%,

Disorder in TB model is needed;

* No microscopic form;




Twisted double-bilayer graphene (TDBG)

6 = 1.05°

/

K T M K
filling fraction of the CFB of v = 0.475

* Stiffness of bilayer graphene — uniform

samples, low strain.
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Local Density of States (LDOS)
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Nematicity in TDBG
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Nematicity in TDBG
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Nematicity in TDBG

H(I) — f‘r IA‘P P ql)ﬁasa'r];g,aslan, (r’ AT) C(-I;',E;San(r + AT)Co'!g,aS,an, (r) <5 H.c.

Y = P (cos2p,sin 2p)

]

* Graphene nematicity (GN);
* Moiré Nematicity (MN);
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MOiré NematiCity (MN) Cs symmetric Moiré Nematicity

He " =@ f(k)cl, (k)ca (k)

Eox = Enp+ @ fk),

f(k) = Z qul,mQ COS(’C | le,mg)
LEEE I Transforms as E irred. of D3

- Stronger effects close to van-Hove singularities

- Breaks C3 symmetry at moiré scale.
- Learnable parameters: oy and @y .



Moiré Nematicity (MN)
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Graphene nematicity (GN)

eialnpzpm )
¢l,s; r,s! (77) — 5l,l’¢l n((emmpzpy))is/ , Y, o €R.

Ho (k) = Ho (K) + @ - .0 = |
B 0 —hvk_+® - M, Maz = (1’ _7:77) eton
T \—hvky +® M d

H, = —hv [R (£0/2) (k — Ki)] - (Npzy py) + P - (pzyMpy)

- Shifts Dirac cones.
- Breaks C3 symmetry at atomic scale;

- Learnable parameters: OGN )] GN,O, ...




Graphene nematicity (GN)
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Solving the Inverse Problem

Hy = Hy [t;]

Syvinmetry breaking
phenomena

-

Hk — Hk + d‘ygﬁ[{ﬁ}]

Microscopic parameters 4J
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DI, Architecture

Convolution and max pooling

Gibbon

class gradient

py () = =Gt

o~ 03L,u=0

>

Adversarial example

I. J. Goodfellow, J. Shlens, and C. Szegedy, “Ex-
plaining and Harnessing Adversarial Examples,” (2015),
arXiv:1412.6572 [cs, stat].

17



CNN'’s learning procedure
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DI, Architecture

Convolution and max pooling

Gibbon

class gradient

Dy (Z) _ e:)cp(—(z2—7r/,(l;)2 /207)

o~ 03L,u=0

>

Adversarial example

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

3.0 k
| ) 2.5 F
P = P (cos2p,sin 2p) :
I :03 20
= [
T 15
o, [
¥ X
1.0
@i = zarctan2 (sin 2¢, cos 2¢) = 0.5 ] R?: 0.996
I > MAPE: 0.115
PT\ pitm, sengi=-1 o L&
> 0O 05 1.0 1.5 20 25 3.0

w true

Din, %¢MN, ¢GN - [0.001, 0.1] eV, Y = PMN = PGN € [0,7‘(’]

20



More data: Adding D;, (w) channels
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New architecture

Conv2D - MaxPool - Dense
channels
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Nematicity and strain

parameters
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Back to the nematic microscopic form

En,k — En,k: +® - f(k)7
f(k) — Z ¢m1,m2 COS(k ' Rm17m2)

mi,M9 €7

0 —hvk_ + ® - M,

Holle) = Lotk + 2 Pu = (-huk+ +&. M d

M., = (1, —in) e ",

)

Learn B = {(I)MN, dan, CV}
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Form

of nemadticity
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Including strain

(a) (b) moiré superlattice g; = 8TG1 monolayer graphene
reciprocal and primitive reciprocal and primitive
latticevectors a; = 8_1Ai latticevectors
o ® -
""" M small angle
y ; o <_| learnable parameters
rotation N
E=T(0)+ Sua (¢, 0:)
m
o 1: Modification of Moirt e=1rw)1 (¢ ") Re
Fig. 1: Modification of Moiré Structure and — 9 € 0 e €

Brillowin Zone with ¢ = 0.7%, ¢ = 0° and
0 = 1.05° [5]. L uniaxial strain

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

Learn O\ N, PN, Oe, €

25



Including strain
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Including strain, fixed 6,

«10-3 %1073 x1073 x1073
[ [ 6.0 B
0.10f N 0-10 8
— .0 - | 5 i 0.5
[ = I 5.0 i :
?9/0.08_— - o 0.08f ol
' g 4. = | 0.4
2 006l < 0.06} g
+ 0.06F 4.0 R kS =
= = 30 AL =
PP | 3.0 < 0.04F = |
= 0.04F = 0.U4p 3,
=0 = ' 20 wLf 0.2
% .00l R2: 0.997 20 S 002k - R%0.997 f RZ: 0.996
| MAPE: 0.055 Lo =] i MAPE: 0.057 1.0 i MAPE: 0.107 0.1
0'()0-_1...|...|.H1...|...1 0'00;"“"""'"""‘J" O:‘...l....|....|...w‘u.\H..l....|....|.
0.00 0.02 0.04 0.06 0.08 0.10 0.00 0.02 0.04 0.06 0.08 0.10 0 1 2 3 4 5 6 7 8
Py true (eV) Oy true (eV) € true X102

* Can we apply the trained CNN directly to experimental data?
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Preprocessing of Dexyp,
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Prediction on Dy, (Preprocessing stage)
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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
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Overview and Outlook

* CNN’s can distinguish nematicity and strain

influence.

* Possible crossover between GN and MN for
TDBG;

* Applicability beyond the continuum model and
TDBG;

~ * Microscopic parameter learning from data (kind
/ ~ of Hamiltonian Learning);

>+ Automated analysis of larger datasets;

\ * Extensible to a variety of
> experimental setups? Comparison
between different theoretical models?
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Backup slides
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Number of channels and overfitting
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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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Predictions on Dexp
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Preprocessing of the experimental data
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Limitations

resolution

of theoretical
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Interpretability? Correlations in AI nematic

study
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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

Intravalley Graphene Nematicity (IaGN) |® = 20 meV
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R. Samajdar, M. S. Scheurer, S. Turkel, et al. 2D Materials 8, 034005 (2021).
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