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Projects (those that eventually *did* work)

- Green-functions
- Electron Spin Resonance
- Heat Capacities
- Fermi-Surfaces
- Weyl-Points
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holds for 

- non-interacting systems 

AND for 

- interacting systems!
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Electron-Spin-Resonance:

















3 / 5 : Heat Capacities



[Currently still a “draft”]
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Sommerfeld-Approximation + Low-Temperature Analysis 
of Ions:
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Problem (e.g. for the Phononic Contribution):
- the self-energy is no longer diagonal in k  
- the displacement Green-function D (with polarization Pi) can in the interacting 

case no longer be related to the particle number
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Results:











Interpretation:



Interpretation:



Interpretation:



Interpretation:

Let’s take a closer look at the kernel!



Interpretation Electronically Resolved Kernel at

T = 10 K                                      T = 100 K



The reason why it doesn’t increase with increasing 
temperature:



Reason: 
Why computed specific heat an constant volume, but in 
experiments, one measures at constant pressure!
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[Currently still a “draft”]



Bloch-Kohn-Sham-Wavefunctions for a single electron in a 
crystal:
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Example-System: 

- Sr2RhO4 (Strontium rhodate) 





LDA (ELK-9.5.14 Calculation)
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… “behind the scenes” (...)



Fact:
 

Sometimes the “independent electrons”-approximation fails 
to reproduce experimental results

→ DFT+U



DFT+U (ELK-9.5.14 Calculation):

- Yukawa-type of screening with U = 3.6 eV
- Around Mean Field Approximation



Notice:



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)
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[l] = 2 * l + 1





Tensor-Moment-”Tree”:



Featuring:
- Bandstructure with Tensor-Moment 110 for Rh-atoms, i.e.            as linewidth 

with l = 2 and \alpha ←→ Rh 
- blue / red LW = positive / negative sign

    U = 0.0 eV                                                U = 3.6 eV
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Featuring:
- Bandstructure with Tensor-Moment 110 for Rh-atoms as linewidth
- blue / red LW = positive / negative sign

Interpretation: The spin-orbit-interaction of the system increases, when U 
increases!

    U = 0.0 eV                                                U = 3.6 eV



Hypothesis:

- The shift in energy bands corresponds to an increase in 
spin-orbit-interactions!

    U = 0.0 eV                                                U = 3.6 eV
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Fact:
- In order to find Weyl-Points, one always has to do the same three 

steps!

- Step 1: 
Determining Fermi-Energy, Bandstructure and Projected DOS

- Step 2: 
Finding a good Wannierization with Wannier90 (based on Step 1)

- Step 3: 
Using the Wannier-Tools software to find the crossings on fine grids 
(based on Step 2).



[Currently less than a “draft”, but much more than just 
“begun”]
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WTe2 (in Progress …)

Afterwards: Application to “less studied materials”
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Thank you (for the music)!

Questions / Suggestions / Comments?


