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Green’s function theory
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Quantum Monte Carlo Package BRI

D. Sangalli, A. Ferretti, H. Miranda, C. Attaccalite, et al. J. Phys. Cond. Matt. 31, 325902 (2020)
K. Nakano, C. Attaccalite et al. J. Chem. Phys. 152, 204121 (2020)
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K. Nakano, C. Attaccalite et al. J. Chem. Phys. 152, 204121 (2020)



Users interaction

Virtual school on electronic excitations in solids and nanostructures
using the Yambo code
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Quantum Monte Carlo Package BRI

Yambo school 2022
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D. Sangalli, A. Ferretti, H. Miranda, C. Attaccalite, et al. J. Phys. Cond. Matt. 31, 325902 (2020)
K. Nakano, C. Attaccalite et al. J. Chem. Phys. 152, 204121 (2020)
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Exp. HOMO-LUMO gap : 4.7 eV

X. Blase and C. Attaccalite Appl. Phys. Lett. 99, 171909 (2011)
X. Blase, C. Attaccalite, and V. Olevano Phys. Rev. B 83, 115103 (2011)
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Excited IN Molecules
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Exp. HOMO-LUMO gap : 4.7 eV
X. Blase and C. Attaccalite Appl. Phys. Lett. 99, 171909 (2011)

X. Blase, C. Attaccalite, and V. Olevano Phys. Rev. B 83, 115103 (2011)
Molecules on surfaces
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Electron

Correlation effects in the EPC
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C. Attaccalite et al., Nanoletters, 10, 1172(2010)
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PL intensity [arb. units.]

Exciton coupling (finite differences)
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Exciton coupling (finite differences)
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Exciton-phonon coupling from first principles

DFPT
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P. Lechifflart, F. Paleari, D. Sangalli, C. Attaccalite, PRM 7, 024006 (2023)



Metal frameworks (MOF)
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Collaboration with SIMAP (Grenoble)
financed by ANR

A. R. Kshirsagar, C. Attaccalite, X. Blase, J. Li, and R. Poloni, J. of Phys. Chem. C 125, 7401(2021)
A. R. Kshirsagar, X. Blase, C. Attaccalite, R. Poloni . J. Phys. Chem. Lett. , 12, 4045 (2021)
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Non-linear optics

HQ Graphene
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Second and third harmonic generation
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M. Gruning, C. Attaccalite, PRB-Rapid 88, 081102 (2014)



Non-

spectroscopy

Second and third harmonic generation

Two—photon absorption

Probing dark
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High-harmonic generation from
gas to solids
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N . HHG in gases
‘ ' % Lewenstein PRA 49, 2117 (1994)
Intraband dynamics
Mh
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Nat Phys. 7:138(2011)




Why high-harmonic generation?

A Tool for materials’
characterization:

tfabletop lasers ranging from deep-UV to X-ray,
high spatial resolution imaging
band structure reconsfruction, fime-resolved
spectroscopy, fime-resolved ARPES,
phonon dynamics investigations

..aNnd many open gquestions:

Excitons, correlation effects, fopology
pump and probe, interfaces, Tunability
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Real- approach:
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* Berry-phase formulation for the PBCs

* Many-body effects can be included in an effective Hamiltonian

* Multiple lasers field can be simulated (pump and probe)



The Floguet formalism:
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* Berry-phase formulation for the PBCs
* Many-body effects can be included in an effective Hamiltonian
*Lanzos-based solution of the eigenproblem

* Results analysis is much simpler



From ab-initio to models and beyond

Bloch functions Wannier orbitals
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* Reformulate Floquet theory in Wannier basis

« We can start from simple models or 7 Z eicjcé 4 ZtijCch 4
build them using Wannier functions -

« Possibility to study non-periodic or complex systems
(interfaces, surfaces)
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Prellmlnary results

Harmonic order
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Service to the community
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Non-linear- High-
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Code first principles calculations
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EXpeCted Phonon-assisted

+ luminescence
Exciton-phonon Hamiltonian A Bright
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Quantum Electrostatic
Heterostructure model and its relatives
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screener

separator

transport

Environment: phonons
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Indigena

Nanomaterials Team CINaM :> Attophysics Team LIDYL

Synthesis and High-harmonic
characterization of generation and
functional materials optical
Theory %characterization
and
simulation

of realistic time-

dependent response

The attophysics team at

Ferroelectric Rashba Laboratoire Interactions
semiconductor GeTe . ’
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semimetal WTe, Lasers(LIDL) (Saclay)
Willem Boutu

Fabien Cheynis Ultrafast optics Team LP3

Future directions
Application of solid-HHG
Ultrafast sources
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