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Photoexcited carrier dynamics in hybrid perovskites currently attracts attention because of the 
potential photovoltaic and optoelectronic applications of these materials [1].  From a more 
fundamental perspective, photoexcited carrier relaxation in hybrid perovskites involves complex 
phenomena such as exciton-phonon and polaron-phonon  interactions [2,3], which present a challenge  
from experimental and theoretical points of view, and are subject of intense scientific activity. At LSI, 
photoexcited carrier dynamics in hybrid perovskites is currently studied with time-resolved 
spectroscopy (tr-ARPES). Recently, the formation of Wannier excitons in two-dimensional hybrid 
perovskite (BA)2(MA) 2Pb3I10 was demonstrated by tr-ARPES and DFT band structure calculations [4]. 
Further understanding of the carrier dynamics  requires the study of  exciton-phonon interactions, in 
order take into account exciton screening by phonons [3,4] as well as to describe the carrier dynamics 
in real time.  
 
This is the reason why we propose this post-doc project, which  aims to develop the DFT-based 
description of the exciton-phonon interaction and dynamics in hybrid perovskites, in link with 
experiments by FEMTOARPES team of LSI and with beyond-DFT band structure calculations in 
collaboration with V. Gorelov. The developments will be done in the framework  of density functional 
perturbation theory (DFPT) and time-dependent Boltzmann transport equations which allows to 
describe the electron (hole)-phonon coupling and carrier relaxation dynamics in numerous materials, 
the domain of expertise of TSM team of LSI [5].  Also, this project aims to establish a collaboration with 
the team of Prof. M. Calandra in University of Trento, who have recently developed a novel theoretical 
approach to describe nonequilibrium photocarrier and phonon dynamics,  which allows to include the 
effects of carrier-carrier, carrier–phonon, and phonon–phonon scattering into the relaxation dynamics 
description [6]. This approach, based on DFT and DFPT, allows also to include many-body perturbation 
theory, in order to  describe excitons, exciton-phonon interactions and exciton screening by phonons. 
Applying this technique to a challenging (BA)2(MA)2Pb3I10 to understand the carrier dynamics is the 
main goal of the project. Once this approach is developed, we aim to apply it to perovskites which are 
of interest to our partner IPVF institute, for example to double halide perovskites [8]. 
 
[1] Progress in Photovoltaics: Research and Applications, 2025; 33:795–810, https://doi.org/10.1002/pip.3919 
[2] M. Puppin et al, Phys. Rev. Lett. 124, 206402 (2020) 10.1103/PhysRevLett.124.206402 
[3] M. Filip et al, Phys. Rev.  Lett 127, 067401 (2021) 10.1103/PhysRevLett.127.067401  
[4] About carrier's self-trapping and dynamical Rashba splitting in the two-dimensional hybrid perovskite (BA)2(MA) 

2Pb3I10   W. Qi, S. Ponzoni, G. Huitric, V. Gorelov, A. Pramanik, Y. Laplace, M. Marsi, E. Papalazarou, S. F. Maehrlein, E. 
Deleporte, N. Mallik, A. Taleb Ibrahimi, A. Bendounan, K. Zheng, T. Pullerits, L. Perfetti, 2025, 
https://arxiv.org/pdf/2508.12129  
[5]  J. Sjakste et al, J. Chem. Phys. 162, 061002 (2025) https://cnrs.hal.science/hal-04946288 
[6] Nonequilibrium Photocarrier and Phonon Dynamics from First Principles: a Unified Treatment of Carrier-Carrier, Carrier-
Phonon, and Phonon-Phonon Scattering Stefano Mocatti, Giovanni Marini, Giulio Volpato, Pierluigi Cudazzo, Matteo Calandra, 
2025, https://arxiv.org/abs/2512.08618 
[7]  Furci, M., Marini, G., & Calandra, M., First-Order Rhombohedral-to-Cubic Phase Transition in Photoexcited GeTe, Phys. 
Rev. Lett. 132, 236101 (2024) 
[8] A. B. C.Kameni, A.Py-Renaudie, D.Garrot, et al. “Polar Indirect Valley as a Limiting Factor for Radiative Efficiency in Gold-
Based Mixed-Valence Double Perovskites.” Adv. Optical Mater.13, no. 32 (2025): e01622. 
https://doi.org/10.1002/adom.202501622 

 
For further information about the project, please contact: Jelena Sjakste: jelena.sjakste@polytechnique.edu 

https://doi.org/10.1002/pip.3919
https://arxiv.org/search/cond-mat?searchtype=author&query=Qi,+W
https://arxiv.org/search/cond-mat?searchtype=author&query=Ponzoni,+S
https://arxiv.org/search/cond-mat?searchtype=author&query=Huitric,+G
https://arxiv.org/search/cond-mat?searchtype=author&query=Gorelov,+V
https://arxiv.org/search/cond-mat?searchtype=author&query=Pramanik,+A
https://arxiv.org/search/cond-mat?searchtype=author&query=Laplace,+Y
https://arxiv.org/search/cond-mat?searchtype=author&query=Marsi,+M
https://arxiv.org/search/cond-mat?searchtype=author&query=Papalazarou,+E
https://arxiv.org/search/cond-mat?searchtype=author&query=Maehrlein,+S+F
https://arxiv.org/search/cond-mat?searchtype=author&query=Deleporte,+E
https://arxiv.org/search/cond-mat?searchtype=author&query=Deleporte,+E
https://arxiv.org/search/cond-mat?searchtype=author&query=Mallik,+N
https://arxiv.org/search/cond-mat?searchtype=author&query=Ibrahimi,+A+T
https://arxiv.org/search/cond-mat?searchtype=author&query=Bendounan,+A
https://arxiv.org/search/cond-mat?searchtype=author&query=Zheng,+K
https://arxiv.org/search/cond-mat?searchtype=author&query=Pullerits,+T
https://arxiv.org/search/cond-mat?searchtype=author&query=Perfetti,+L
https://arxiv.org/pdf/2508.12129
https://cnrs.hal.science/hal-04946288
https://arxiv.org/search/cond-mat?searchtype=author&query=Mocatti,+S
https://arxiv.org/search/cond-mat?searchtype=author&query=Marini,+G
https://arxiv.org/search/cond-mat?searchtype=author&query=Volpato,+G
https://arxiv.org/search/cond-mat?searchtype=author&query=Cudazzo,+P
https://arxiv.org/search/cond-mat?searchtype=author&query=Calandra,+M
https://arxiv.org/abs/2512.08618
https://doi.org/10.1002/adom.202501622

