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Quick Repetition on Thermodynamics:









Quick Repetition on Material-Theory:

- Crystal with …
volume V
number of cells N_p
r atoms in the unit-cell
temperature T

- Born-Oppenheimer-Approximation (...)

- Mean Field Approximation (...)                (“reliable” for “many” observables & materials) 



Sommerfeld-Approximation (1928 (?!)) + Low-Temperature Analysis of Ions:



Quick repetition on Green-Functions











holds for 

- non-interacting systems 

AND for 

- interacting systems!











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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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
Cure: Computer-Assisted Thermal Quantum Field Theory! (CAT-QFT)













































































Results:











Experimental-Data 1

Experimental-Data 2



Sanity-Checks:

- Bands from QE reproduced by Wannier90 and EPW.

- DOSes from QE reproduced by EPW.

- Normalizations are fulfilled.

- Non-Interacting results are close to Experimental Values 
(... also in the low-temperature-limit) 



Lessons learned:

- Electron-Phonon-Interactions can represent essential 
corrections in the medium temperature limit

- CAT-QFT provides a technique to compute these 
corrections



Outlook (maybe…):

- Finer Grids, more bands and more complicated structures (...)

- High-Temperature limits with phonon-phonon-interactions (...)

- Low-Temperature limits with smearing and ultrafine grids (...)





Initial thought: 

“Imitate” the GW-Propaganda-Picture under the inclusion of interactions



Outlook (maybe…):

- Finer Grids, more bands and more complicated structures (...)

- High-Temperature limits with phonon-phonon-interactions (...)

- Low-Temperature limits with smearing and ultrafine grids (...)

- (Prediction of Structural Phase-Transitions 
(P-T-Phase-Diagrams) with the computation of the grand 
canonical partition function in the hybrid ensemble)

- (Spin-Triplet Superconductivity by decoupling in the Functional 
Field Integral Formalism)
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Thank you for your Attention!

Questions / Suggestions / Comments?


