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Atomistic spin models have found enormous 
success in addressing the properties of mag-
netic materials, grounded on the identification 
of the relevant underlying magnetic interac-
tions. The Heisenberg model led to the theoret-
ical prediction of the existence of spin waves 
and of antiferromagnetic materials, and our un-
derstanding of the chiral Dzyaloshinskii-Moriya 
interaction is central to the huge development 
in the field of magnetic skyrmions and other 
noncollinear magnetic structures. Recently, 
various works have proposed new types of chi-
ral interactions with seemingly different forms 
[1,2,3], but the big picture is still emerging.

In this talk, I will present a systematic overview 
of our recent work on chiral multi-spin multi-
site interactions. I will start with a systematic 
construction of a generalized spin model containing isotropic and chiral multi-
site interactions [4], motivated by a microscopic electronic model that incorpo-
rates local spin moments and the spin-orbit interaction. I will then discuss their 
symmetry properties, by showing that the chiral interactions arise solely from 
the spin-orbit interaction and that the multi-site interactions do not have to fol-
low Moriya's rules, unlike the Dzyaloshinskii-Moriya and chiral biquadratic in-
teractions [1]. These theoretical considerations are then illustrated with density 
functional theory calculations for prototypical magnetic systems. These are 
dimers, trimers and tetramers built out of Cr, Mn, Fe and Co adatoms on the 
Re(0001), Pt(111), Pt(001) and Au(111) surfaces [1,4,5]. The multi-site interac-
tions are substantial in magnitude and can stabilize interesting magnetic 
ground states. Finally, I will discuss the recent literature in the light of our find-
ings, and clarify several unclear or confusing points [5].
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