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Physical system:
 

Co[001] + 3 x 3 + 2 x 2 + 1 + 1 + 1 + 2 x 2 + 3 x 3 + Co[001]



Isotropic Heisenberg model

Invariant under global spin rotation.

Boundary condition: [100] and [100]
Invariant under global spin rotation

around the [100] axis.

Configurations rotated around the [100] axis are equivalent.



Deficiensies of the isotropic Heisenberg model
Higher order terms can appear, e.g.,

(see: S. Lounis, P. H. Dederichs, Phys. Rev. B. 82, 180404 (2010))

On-site anisotropy, e.g.,

Demonstrations of the relativistic effects:
   ♣ energy while rotating the whole configuration around the 
[100] axis.
   ♣  expansion of the energy of the most symmetric atom in 
terms of the real sperical harmonics



Modeling methods I.
1 B. Lazarovits, et. al.
PRB 65, 104441 (2002)   

2 A.I. Liechtenstein et al.
JMMM 67, 65 (1987)
2 L. Udvardi et al.
PRB 68, 104436 (2003)

Screened Korringa–Kohn–Rostoker /                               
embedded cluster method 1

Infinitesimal rotations method: 2

► parameters of isotropic Heisenberg model  

Monte Carlo: simulated annealing /
Metropolis algorithm
► ≈ ground state                                              

Minimization of the band energy by Newton−  
Raphson method: an iterative minimum 
searching algorithm
► ground state magnetic configuration
► potential (V, B

xc
) at this configuration

Embedding + band energy calculation 
+ magnetic force theorem
► energy functions                                           



Modeling methods II.

Self-consistent potential
calculation

Newton−Raphson optimization
of the directions

based on L. Udvardi et al. PRB 68, 104436 (2003)



Global spin rotation around the [100] axis I.

Néel

Bloch



Global spin rotation around the [100] axis II.



Domain wall width



Model of the energy function I.



Model of the energy function II.



Model of the energy function III.



Mollweide-projection

How to plot an              function?



Mollweide-projection

C. M. Quinn et al., J. Chem. Edu., 61, 569, (1984)

http://en.wikipedia.org/wiki/Mollweide_projection



Decomposition of the energy function [Ryd]



Decomposition of the energy function II.



Summary

   ♣ A model of a cobalt nanocontact 

was constructed and investigated.

   ♣ The ground state was searched 

with multiscale approach: MC simulated 

annealing + NR optimization of the 

band energy.

   ♣ The Heisenberg model is not 

sufficient to map the magnetic energy 

landscape.
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Spin- and orbital moments on the 
atomic sites. (Néel str., x = 1.00)



Spin- and orbital moments on the 
central atom. (Néel str.)
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