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Multiscale modelling
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Outline

Motivation

Simulation with millions of atoms up to timescale of
microseconds - to bridge the length and time scales

Multiscale modeling of magnetic materials

Content of the talk

Combining electronic, atomistic and magnetic degrees of freedom

Magnetostriction & Magneto-elasticity as the central quantities
for us - how do we get it from DFT...
Why spin-lattice(SL) models in the first place?

SL for ferromagnetic systems (e.g. bcc Fe, fcc Ni)
SL for antiferromagnetic systems - prototype of NiO

This leads to field of developing potentials...

Temperature effects... not to be frozen by DFT T=0K results

Outlook
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MAELAS - general scheme - mode 1, 2 and 3

General derivation (mode 1) based on R. Wu, A. J. Freeman, J. of Appl. Phys., 79, 6209–6212 (1996).
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Elastic and Magnetoelastic contributions to energy
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Spin-lattice (SL) model in general - cubic symmetry
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Spatial dependence of magnetic parameters in SL model
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SL for ferromagnetic cubic materials

MCA: Bethe-Slater parameters in terms K1 and
δK1
δP

Magnetoelasticity: Bethe-Slater parameters in terms of b1 and b2

Exchange interaction: Bethe-Slater parameters in terms of ωs
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SL for FM cubic materials - Néel energy and MCA

D. Legut, IT4Innovations 10th Users’ Conference of IT4I, November 5th-6th 2026



Results: for FM BCC Fe and FCC Ni
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SL for antiferromagnetic cubic materials - case of NiO

Bethe-Slater curve

Different types of neighbors require different parameterizations of

J(rij), l(rij) and q(rij) terms

(si.sj = 1) (si.sj = −1)
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SL: Cubic antiferromagnetic - case of NiO

Definition of the simple cubic (SC)

Ni2+ sublattices in NiO. Each of the 4

SC sublattices, in turn, consists of two

sublattices with spin up and spin down

V0 = a30 is the volume of the unit cell of NiO, n = 4 is

number of the magnetic interacting atoms in V0 that

have been included in the model.
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SL model parameters αΛ, γΛ, δΛ (Λ = J, l, q) for NiO

SD-MD 1 - interionic Born potential model

of ionic solids

SD-MD 2 - RF-MEAM potential that we

parametrized to Cij .

1 C. A. J. Fisher, H. Matsubara, Philosophical Magazine 85, 1067–1088 (2005).
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Results of SL(SD-MD) for AF cubic NiO

Magnetoelastic constants b1 and b2
through a linear fitting of the energy
versus strain data. Comparison of the
results obtained with DFT and SD-MD.

The hydrostatic pressure (P) effect on
MCA (K1)
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Results of SL(SD-MD) for AF NiO...
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Temperature depedent results of SD-MD for AF NiO

Temperature dependence of the lattice constant a0 obtained from the interionic
potential modeled by Fisher and Matsubara only (NM) and with added magnetic part
(SL) for the AFM ordering, NVT simulations.

C. A. J. Fisher, H. Matsubara, Philosophical Magazine 85, 1067–1088 (2005)

Exp. N. W. Mazlan, M. S. Murat et.al., Energies 15, 8520 (2022).

Exp. G. A. Slack, Journal of Applied Physics 31, 1571–1582 (1960).

Exp. M. Grimsditch, S. Kumar, and R. Goldman, J. of Magnetism and Magnetic Materials 129, 327 (1994).
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Conclusion

Bridge the length scales from DFT to atomistic simulations - SL models

Very good agreement on MAE, magneto-elastic (b′s), magnetostrictive
properties (λ′s) between DFT and atomistic simulations

Obtaining one potential describing PM and FM/AFM behavior

Published at:
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Current usage of SL models:

Atomistic simulations of magnetoelastic effects on sound velocity, P. Nieves, J. Tranchida, S. Nikolov, A. Fraile, D.
Legut, Phys. Rev B 105, 134430 (2022)

Computational study of elastic waves generated by ultrafast demagnetization in fcc Ni, I. Korniienko, P. Nieves,
A. Fraile, R. Iglesias, D. Legut, Phyd. Rev. Res. 6, 023311 (2024).

Simon effect (speed of sound under magnetic field) in cubic FM materials, I. Korniienko, D. Legut, et al.,
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Relation between various notations of magnetostriction

D. Legut, IT4Innovations 10th Users’ Conference of IT4I, November 5th-6th 2026


