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Density Functional Theory Calculations
of Positron Lifetimes

Marcel Dickmann, Aerospace Engineering (UniBw M)
Johann Duffek, High Performance Computing (HSU/UniBw H)
Piet Jarmatz, High Performance Computing (HSU/UniBw H)

Abstract

We investigate via Positron Annihilation Lifetime Spectroscopy (PALS) open-volume
defects in crystalline materials due to their major influence on material properties. Those
investigations are accompanied by calculations based on Component Density Functional
Theory (TC-DFT) which require super computers and specialised programs like the open-
source software ABINIT.

Ouraimwiththis projectisto optimally setup ABINIT and establish aworkflow to efficiently
conduct our simulations.

Project Results

We provided different ABINIT installations on HSUper and validated their runtimes and
results against provided test cases. The installations were carried out via the Spack
package manager (for ABINIT 8) and manually (for ABINIT 9 and its variations). We tested
different installation variations of MPI, OpenMP, static/shared compilation, and job
configurations resulting in runtime differences of up to 50%.

Based on those scans we
recommend to use ABINIT
9 over 8 due to better
performance despite its
reduced parallelization
robustness. We furthermore
recommended the use of
multithreading on exclusive
compute nodes to increase
the node utilization with the
cost of a slightly decreased
runtime. Tests with shared

node utilization showed
Figure 1: Positron density calculations in diamond: In a perfect crystal (A) the

runtime penalties of 20-30% positron can be described as a de-localized plane wave between the

with the benefit of several atoms. In an open-volume defect like a nitrogen vacancy (NV) center
. (B), the positron probability density is confined. The different electron

concurrent JObS- density of both systems leads to a change in the positron lifetime,

which can be used for defect characterization.
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Figure 2: Runtimes of scanned parameters for one of the provided test cases

We provided a short overview of our findings, as well as extensive instructions on the
compilation of ABINIT 9,and general remarks on the use of the software with our job
scheduling system Slurm.

Outlook

The support on the setup of the software package as well as the provided installation and
usage instructions enabled us to effectively use ABINIT on HSUper and our own hardware.
This paper has resulted in a publication (Dickmann et al., 2025).
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