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Development of optimal transport methods in economic complexity
from maximum entropy probability distributions.
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Neuromorphic computing - Ab-Initio and classical molecular dynamics simulations of chalcogenide heterostructures
using neural network interatomic potentials.
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I focused on the chemistry of silver fluoride (AgF2) as a potential analog to cuprates, materials exhibiting high-
temperature superconductivity. I modelized several AgF2 experimental data, including valence band photoemission
and Meitner-Auger spectroscopy. I strongly relied on DFT and exact diagonalization computations to estimate AgF2
Coulomb interaction and its charge-transfer energy. My investigations revealed that AgF2 is a charge-transfer
correlated insulator within the Zaanen-Sawatzky-Allen scheme. Moreover, AgF2 possesses a more covalent nature
compared to cuprates despite sharing similarities in electronic excitations: we provided detailed insights into AgF2
charge-transfer gap, d-d excitations and a potential proximity to a charge-transfer instability. Finally, I explored with
exact diagonalization techniques the spin spectra of several cuprates: La2CuO4, Sr2CuO2Cl2 and CaCuO2.
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I studied a simplified model of AgF or the parent compound of this hypothetical new class of high-$T_c$
superconductors: one-dimensional linear chains formed by Ag and F sites with strong inter-site and on-site Coulomb
interactions. Here, I only considered the charge degrees of freedom to study the valence instability of the compound.
The hypothesis was the following: when holes localized on the silver ions tend to move collectively on the fluorine ions,
excitonic soft modes appear during the phase transition. I analyzed the phase diagram and the dynamical charge
structure factor of the system using a Quantum Lattice Model Simulator and Green's function theory to determine the
characteristics of the transitions close to the valence instability.

Final grade 109/110 Thesis Valence instabilities and electronic soft modes 
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