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Density functional theory 
•  material specific, predictive 
•  treats every electron 
•  fully quantum-mechanical 
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So far: exchange interaction stabilizes spin spiral 
ground state 
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Spin-spirals: energy minimizers of the Heisenberg model 
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4-spin–3-site 

4-spin–4-site 

•  Higher-order interactions can be derived from a 
multi-band Hubbard model 

 
•  Hubbard model describes electrons on a lattice 

via hopping between different lattice sites as 
well as on-site interactions like Coulomb 
repulsion 

•  effective spin Hamiltonian can be obtained by 
downfolding fermionic degrees of freedom into 
low-energy spin sector  

•  see for example arXiv:1803.01315 for a more 
detailed explanation 
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J1 > 0 J1 < 0 

•  huge variety of possible collinear as 
well as non-collinear structures 

•  many of them not yet found in nature! 
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What defines direction of DM vectors? 
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M. Heide, G. Bihlmayer and S. Blügel, Physica B 404, 2678 (2009) 
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tot (q, êrot) = EDFT

noSOC(q) +�EDFT

SOC (q, êrot)
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Spin-lattice model =
X

j

J0j e
iq·R0j +

X

j
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only component 
parallel to 

rotation axis  

only one row  
of the tensor  



Calculation of DM interaction from DFT 

Slide 16 

DFT calculations EDFT
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êrot ·D0j e
iq·R0j

⇡ �q · A|q0 · �q+ êrot · D|q0 · �q
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1D winding number 2D “winding number”: topological charge 

Q =
1

4⇡

Z
m · (@xm⇥ @ym) dxdy

stereographic 
projection 

each orientation is 
obtained at least once in 
the structure 

“Skyrmion” 
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1st nearest neighbor  

interface layer 
•  contribution from 

more neighbors 
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complex behavior 

what kind of magnetic 
structures could be (meta-) 
stable in this system? 
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<latexit sha1_base64="zGy6YBSpLeqQs5BCOOO5RmrU72A="></latexit>

det D > 0
<latexit sha1_base64="oQFLn+N2c4M0nXrDSXvuRbzcmjQ="></latexit>

For larger q-vectors, 
i.e. short periods: 
 

same chirality along 
different directions 



2Fe/W(110): density functional theory calculations 

Slide 27 

W(110) substrate 

D(q) in BZ 

reciprocal-space: D(q) 

det D < 0

For small q-vectors, 
i.e. long periods: 
 

opposite chirality (see 
color code) along 
different directions 
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For larger q-vectors, 
i.e. short periods: 
 

same chirality along 
different directions 

Are (anti-)skyrmions stable in 2Fe/W(110)? 
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•  start from random structure 

antiskyrmions are meta-stable 
in 2Fe/W(110):  EAsk > EFM 
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Summary & Conclusion 

•  Spin-spirals (+Fourier trans-
form) provide powerful tool to 
obtain effective interaction 
parameters from DFT. 

•  Higher-order exchange 
interactions can couple 
spin-spirals and result in 
many complex magnetic 
textures 

         plenty of opportunities 
         for new discoveries! 

•  Shape of DM interaction is 
defined by the underlying 
lattice symmetry 

•  C2v symmetry particularly 
interesting due to variety of 
possible preferred states 

•  rank-1 materials were not yet found! Find them! 

•  Not only skyrmi-
ons can exist in 
nature but also 
their anti-particle, 
the antiskyrmion 

•  ongoing search 
for such systems 

•  Spin-dynamics simulations 
allow to determine (meta-) 
stable magnetic structures 

•  Spirit is useful tool for this. 

spirit-code.github.io 



Thank you for 
your attention! 
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êrot k D ê⇢
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Calculation of skyrmion lifetimes 
Geodesic nudged elastic band method (GNEB) 

GNEB provides minimum energy path: 
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