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o Magnetic doping of topological 
insulators can induce a topological 
phase transition

• Ferromagnetic ordering

• Out-of-plane anisotropy
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h, Science

340, 153 (2013)
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edge states

One single edge states



a

Jij = −1
π
Im

∫ EF

−∞
dE Tr[δtiGijδtjGji ]

aRüßmann, Bertoldo, and Blügel 2021.

a

H ≈ −
∑
⟨ij⟩

Jij S⃗i · S⃗j −
∑
⟨ij⟩

D⃗ij · (S⃗i × S⃗j)

∂ni

∂t
= −γ′ni × Beff

i − λni ×
(

ni × Beff
i

)
aRüßmann, Ribas Sobreviela, et al. 2022.
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ML density functionals

1

1Chandrasekaran et al. 2019.



Descriptors: Coulomb Matrix, SOAP.

a

b

aHimanen et al. 2020.
bDeringer et al. 2021.

Models: Kernel ridge regression.
Kernels: Linear, Gauss, Laplace.

ŷ(A) =
N∑
i

ci κ
(
ϕ(A), ϕ(A(i))

)

c = (K + α Im)
−1 y

Model fitting &
Cross Val. k=5

Test set split=0.2

Model
evaluation

Feature
mappingHyperparameter

tuning, k=3



Results
Average model performance in 5x3 CV1, N = 1728 samples.

Model ttrain ttest MAE R2

CM-KKR-lin-rcut-4.0 1.44 0.01 1.56 -2.14
CM-KRR-lap-rcut-4.0 2.54 0.04 0.50 0.54
CM-KRR-lap-rcut-7.6 54.1 2.12 0.53 0.53
SOAP-KRR-lin-rcut-4.0 52.6 0.83 0.87 0.01
SOAP-KRR-rbf-rcut-4.0 160 0.90 0.46 0.73

Best model from 5x3 CV, performance on test set.

Model MAE R2

CM-KKR-lin-rcut-4.0 1.15 -0.01
CM-KRR-lap-rcut-4.0 0.05 0.99
CM-KRR-lap-rcut-7.6 0.05 0.99
SOAP-KRR-lin-rcut-4.0 0.87 0.01
SOAP-KRR-rbf-rcut-4.0 0.12 0.96

1MAE unit is meV, time is seconds. Hyperparameter grid sizes ∼3x3.



Results
Parity plots

22.87 12.03 1.19 9.64 20.48
Predicted values

22.87

12.03

1.19

9.64

20.48

A
ct

ua
l v

al
ue

s

Jij / meV, model CM-KKR-lin-rcut-4.0, MAE = 1.15 meV, R2 = -0.01



Results
Parity plots

SOAP-KRR-rbf-rcut-4.0



Conclusion

v Benchmarked symmetry-adapated ML surrogate models for exchange coupling constant Jij for
magnetically co-doped TI Bi2Te3

v Only non-linear kernels manage to capture the structure-property relationship

v CM showed better test performance, SOAP better average performance despite large
chemical space (22 elements)

v Larger atomic environment did not improve performance (CM; SOAP not tested)

 Extend from 2 to N defect atoms

 Evaluate advanced models (sparser1, higher body-order2)

1Lopanitsyna et al. 2022.
2Batatia et al. 2022.
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