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theoretical developments
for electronic properties

develop theory and formula

devise new approximations

propose new algorithm

implement in computer codes
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excitons (electron-hole pairs)

collective modes

beyond one-particle

beyond mean-field
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Density functional theory (DFT)

Green's functions functional theory

     via functionals

exponentially hard !!

polinomially hard

known interaction 
(Coulomb)

unknown e�ective potentials



ab initio functional approach (DFT, GFT)

polinomially scalingapproximated potentials



ab initio functional approach (DFT, GFT)

polinomially scalingapproximated potentials



ab initio functional approach (DFT, GFT)

polinomially scalingapproximated potentials



Conduction states

Valence electrons

Core electrons

en
er
gy

OutlineOutline

(our) Approach to electronic excitations

Results for absorption spectroscopy

Advantages, limitations, opportunities













DFT/GFT approach to electronic excitations :: successful



DFT/GFT approach to electronic excitations :: successful



DFT/GFT approach to electronic excitations :: successful



DFT/GFT approach to electronic excitations :: successful





M.L.Urquiza, M.Gatti, F.Sottile Phys. Rev. B 109, 115157 (2024)



DFT/GFT approach to electronic excitations :: successful



Gorelov et al. npj Comput. Mat. 8, 94 (2022)



Gorelov et al. npj Comput. Mat. 8, 94 (2022)



Gorelov et al. npj Comput. Mat. 8, 94 (2022)



Gorelov et al. npj Comput. Mat. 8, 94 (2022)

origin of the excitons

(bright and dark)

from band-structure analysis
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DFT/GFT approach to electronic excitations :: very far from ....

interface (structure, matching, band alignment)

exciton creation and separation (and migration) of charges
avoid recombination

transparent and conducting material

temperature, strain, hygrometry

multi-
scale(approx,approach) m

ethods needed 



Opportunities and challenges 

Stronger synergy between theory and experiment

new architectures (GPU, TPU, vector engines)

benchmarking and devise better approximations

Reinforce connection with math and computer scientists
better algorithms

high throughput procedures
machine learning

Exploit next generation tools 


