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          Info box 2: Spin waves / magnons 

Spin waves are collective excitations of the spins’ 
precessional motion in magnetically ordered 
systems, mediated by long-range dipole-dipole 
interaction and short-range exchange interaction. 
Their quanta are referred to as magnons. Their 
wavelengths are defined by the distance between 
two spins precessing in phase and their frequencies 
reach from the low GHz to the low THz range. 
Spin waves are highly nonlinear and strongly 
interact with each other.  

 
 

          Info box 3: Spin-wave eigenmodes in a vortex 

In nano- to micrometre-sized 
magnetic discs, the magnetic 
moments curl in plane to 
form a flux closure vortex 
state. Only in the region of 
the vortex core in the centre 
of the disc, the magnetic 
moments point out of plane. 
Spin-wave eigenmodes in 
the vortex are characterized 
by their radial (n) and 
azimuthal (m) mode 
numbers, respectively, with 
frequencies in the GHz 
range at zero magnetic field. 
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Magnons are elementary excitations in ordered magnetic systems, 
much like acoustic waves in elastic media. In ferromagnetic 
metals, the lower bound of magnon frequencies typically lie in the 
GHz range, which make them attractive for potential applications 
in information processing. One interesting feature of magnons is 
their strong nonlinearity, which makes conversion processes 
possible even under moderate external drive. 

The goal of this research project is to explore through theory and 
simulation how strongly-driven magnons on nonuniform ground 
states, such as magnetic vortices (see Figure), could be used for 
non-Boolean computing tasks like as pattern recognition. Because 
of the nonlinearities, certain features of neuro-inspired computing 
might be reproducible with driven magnon modes. The research 
will involve aspects of nanoscale magnetism, nonlinear dynamical 
systems, and machine learning. The successful applicant is 
expected to hold a PhD in physics and possess extensive 
experience in some of these topics. 

This work will be carried out at the Centre for Nanoscience and 
Nanotechnology and undertaken within the framework of the 
European project NIMFEIA, which is coordinated by the Helmholtz-
Zentrum Dresden-Rossendorf in Germany and gathers together 
academic partners from Univ. Paris-Saclay, JG-Univ. Mainz 
(Germany), and Stiching Radboud Univ. (Netherlands), along with 
industry leaders GlobalFoundries (Dresden) and Infineon (Dresden).
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