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For nearly 100 years the Landau-Lifshitz-Gilbert (LLG) equaLon has been the cornerstone of 
modelling magneLc materials. To achieve energy efficient and high-density applicaLons, nanoscale 
magneLc materials are being driven at faster speeds or with stronger sLmuli. AtomisLc spin 
dynamics (ASD)[1], based on the LLG, has been a powerful tool for prototyping and evaluaLng both 
ultrafast and nanoscale magneLc systems. However, in these systems the common assumpLons that 
underpin this approach are being challenged. In this talk, I will introduce two recent extensions to 
atomisLc spin dynamics that provide new direcLons for understanding high-frequency and ultrafast 
magneLc systems: longitudinal and spin-laVce dynamics. 

ConvenLonally, the magnitude of the atomic magneLc moment is considered constant. However, for 
materials like FePt or Ni, where weak moments are polarised from local interacLons this constraint 
becomes limiLng. With longitudinal spin dynamics [2], the atomic spin moment is allowed to 
fluctuate in magnitude allowing for a more natural model of these systems. Using FePt as an example 
system, I will introduce a generalised spin equaLon where the Pt spin moment is induced by the Fe 
exchange interacLon and show how this can successfully describe the experimentally observed two-
ion anisotropy.  Secondly, I will introduce spin-laVce dynamics (SLD) [3] as a technique for 
understanding the complex interplay between the spin and laVce sub-systems when driven by a 
terahertz laser excitaLon. Through magneto-elasLc coupling the laVce moLon can induce an internal 
field with the magneLc material that drives switching behaviour on an ultrafast Lmescale [4]. This 
technique provides a new tool for modelling how magnons and phonons interact and can provide 
perspecLves on high-frequency and ultrafast nano-magneLc systems. 
 

Fig. 1.  (le*) Comparison of the anisotropy calculated using the generalised spin equa<on (GSE) to conven<onal 
LLG dynamics. (right) Magne<sa<on switching in Spin-LaEce dynamics driven by a terahertz pulse. The laEce 
induces an internal coupling field (lower) that causes precessional switching of the magne<sa<on (top).  
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