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Phonon anharmonicity and quantum fluctuations are often neglected in ab initio
simulations due to their computational complexity. In this thesis, a novel computational
workflow is developed by combining machine learning force fields (MLFF) with the
stochastic self-consistent harmonic approximation (SSCHA), enabling accurate modeling
of phonon anharmonicity and quantum dynamics.

Our methodology provides temperature-dependent phonon dispersions for \ce{KTaO3}
and \ce{SrTiO3} in the quantum paraelectric regime, and facilitates the inclusion of
anharmonic effects in electron-phonon coupling calculations. We compute the electron
mobility in these materials using the Boltzmann transport equation, accounting for lattice
disorder and bandstructure renormalization through the ZG method. The observed
discrepancies with experimental data reveal the limitations of the quasiparticle model and
support a polaronic transport picture.

Moreover, we apply our workflow to the study of temperature-dependent bandgap
renormalization in diamond, achieving results in excellent agreement with experimental
data. These findings demonstrate the potential of the MLFF+SSCHA approach for studying
quantum lattice dynamics and their impact on electronic properties.
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