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Mean Field Approximation

- Born von Karman boundary conditions (...)
- Bloch-Theorem (...)
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LDA (ELK-9.5.14 Calculation)

… “behind the scenes”:

- implementing a new subroutine in ELK
to compute / print the relative energies

- reading the data into a python-script
- interpolating energies on the k-sheet
- (finding the “correct” basis)
- (further debugging)
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Not done in the literature so far:

A quantitative interpretation of what is happening to the system, 
without referring to a TB-Model!



Recap:









Fact: 

For some observables, there is an extended 
decomposition, that allows us extract even more 
information! 















































dim H_{ alpha L(l) S}
= 
2 * [l] = 2 * (2 * l + 1)



[l] = 2 * l + 1



[l] = 2 * l + 1



[l] = 2 * l + 1



[l] = 2 * l + 1









Summary of Lemmata and Theorems



Summary of Lemmata and Theorems



Summary of Lemmata and Theorems



Summary of Lemmata and Theorems



Summary of Lemmata and Theorems



Summary of Lemmata and Theorems

















Tensor-Moment-”Tree”:



Tensor-Moment-”Tree”:



Featuring:
- Bandstructure with Tensor-Moment 110 for Rh-atoms as linewidth
- blue / red LW = positive / negative sign

    U = 0.0 eV                                                U = 3.6 eV



“Behind the Scenes” …

    U = 0.0 eV                                                U = 3.6 eV



“Behind the Scenes” …
- Implementing a new subroutine into ELK-9.5.14 to compute (and write) the 

orbital representation of the densities corresponding to Bloch-states along a 
k-path (to file)

    U = 0.0 eV                                                U = 3.6 eV



“Behind the Scenes” …
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- Post-processing in Python
- (Debugging)
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Featuring:
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- blue / red LW = positive / negative sign

Interpretation: The spin-orbit-interaction of the system increases, when U 
increases!
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    U = 0.0 eV                                                U = 3.6 eV

Hypothesis:

- The shift in energy bands corresponds to an increase in 
spin-orbit-interactions!
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Now: Tuning the effective SOC in our calculation “by hand”:



[ Band-Structure-Calculation ]





Fermi-Surface LDA+2.4SOC-Calculation

DFT+U Calculations
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“Approximately Quadratic”! =)
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Summary / Lessons Learned:

- (Sometimes it is necessary to include electron-electron-interactions 
to reproduce experimental behaviour),

- There is a correspondence between density-matrices and 
Tensor-Moments,

- Many Observable Quantities can be re-expressed through 
Tensor-Moments,

- Electron-Electron-Interactions can increase the effective 
Spin-Orbit-Coupling,

- Tensor-Moments provide a technique to conclude this and further, 
from which atoms the mechanism arise.
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Questions / Suggestions / Comments?

(Applause…)


