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Developing and applying 

advanced theoretical and computational tools 


in quantum chemistry 

to describe, from weak to strong electric fields, 

the linear and nonlinear optical response 


of atoms, molecules, and solids.
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E (electric field)
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P

Spectroscopies? 

Methods to study the properties of matter (atoms, molecules, solids), 
investigating the interaction with particles (photons, electrons, …)). 
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The key quantity we calculate is the polarization of the material.

P = ! (1) E + ! (2) EE + ! (3) EEE + . . .

Linear response

One-Photon Absorption (OPA)

The linear electro-optic e! ect:

P(" ) = ! (1) E(" )

Second-order response

Second Harmonic Generation (SHG)

Electric-Field-Induced Second Harmonic:

P(2" ) = ! (2) E(" )E(" )

E is the total Þeld inside the material.
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weak field perturbation theory 

Linear and Nonlinear Theoretical Optical Spectroscopy
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excited states

ground state

ω ω

P(1) = ! (1)E

Linear optical absorption

Silicon weak excitons 

Theory development and applications aimed at 
improving TDDFT for the interpretation 

of excited-state processes

2D Materials : SnS
PRB 106, 235158 (2022)

LiF strong excitons 

In preparation (2025)

Many-body approaches : GW/BSE
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Second-order nonlinear 
optical spectroscopy : SHG
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Silicon-based 

optoelectronic devices


Si/CaF2

Si

CaF2

Si waveguides strained by SiN

compressive/tensile

SHG and Magnetism : 

the AntiFerroMagnet Cr2O3 

two magnetic sublattices: !"!"1 1.2 1.4 1.6 1.8 2 2.2 2.4
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TDDFT development for SHG

GaAs

JCP (2010), PRB (2011), PRB (2011), JCP (2024)

Nature Materials (2012)
Solid-State Electronics (2025)
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continuum

bound states

ionisation 

potential

ground state

High-harmonic generation

Time-Dependent Molecular-Orbital Decomposition

JCP 2024 
 JCPA 2024 

JCP 2025 

HHG spectrum 
contains the 

structural and 
dynamical 

information of the 
molecules
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