Tuning magnetic skyrmions in atomically thin 2D van
der Waals layers

Magnetic skyrmions — topologically protected chiral spin structures with particle-like properties —
have attracted tremendous attention due to their potential application in next-generation
spintronics devices such as racetrack memories, logic gates, and qubits for quantum computing.
The recent discovery of 2D magnetic materials opened new opportunities for topological spin
structures in atomically thin van der Waals (vdW) materials [1]. Stabilizing skyrmions in 2D
magnets have several potential advantages. These include avoiding pinning by defects due to
high-quality vdW interfaces, the possibility of forming skyrmions with a minimum thickness (i.e., a
single layer limit), and easy control of magnetism via external stimuli [2,3]. The study of magnetic
skyrmions in 2D magnets is still in its infancy stage. This leaves a timely and vast playground for
investigating new mechanisms for skyrmion generation, detection, and manipulation in the
emerging area of vdW 2D magnets.

The purpose of this Master’s project is to explore the generation and manipulation of magnetic
skyrmions in 2D magnets Fe GeTe, (n = 3, 4, 5) and their heterostructures. We will employ a
multiscale approach that combines noncollinear density functional theory (DFT) and atomistic
spin dynamics simulations. Different spin-spin interaction parameters, such as the Heisenberg
exchange, the Dzyaloshinskii-Moriya interaction, the magnetocrystalline anisotropy energy, and
the higher-order exchange interactions (HOI), will be explicitly calculated by DFT. In particular,
we will provide a deeper understanding of the interplay between DMI and HOI for skyrmion
stability in these systems. Finally, we will investigate how external stimuli such as electric or
magnetic fields tune topological spin textures.

This internship requires a taste for modeling. The numerical calculations will be performed using
local and national HPC facilities. The results obtained will be analyzed with the possibility of
publication in international scientific journals.
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Strain-driven magnetic skyrmions in 2D FesGeTe, vdW heterostuctures.
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Your profile

- Master in physics (e.g., Fundamental physics, condensed matter physics), nanosciences,
materials

science, or any other equivalent majors.
- Good background in quantum mechanics, solid-state physics, and condensed matter theory.

- Programming skills (Fortran, Python, or Bash) are not mandatory but will be considered an
advantage.

How to apply?

Please send a CV, a copy of the last two years’ transcripts (relevés de notes), and a letter of
motivation to dongzhe.li@cemes.fr with the following title “Master internship CNRS”.

Starting date and work location
Master internship: 02/2024 — 08/2024
Lab: CEMES/CNRS, Toulouse, France

Contact:

dongzhe.li@cemes.fr

https://scholar.google.com/citations?user=-Nklb7cAAAAJ&hl=en
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