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Title: Solving strongly correlated electrons of real systems with quantum
computing: application to oxydes

Type: theoretical

Supervisor(s): A. Michel (EDF), Matthieu Saubanére (LOMA), B. Senjean
(ICGM)

Email(s): antoine.michel@edf.fr ; bruno.senjean@umontpellier.fr ; mat-

thieu.saubanere@cnrs.fr

PhD funding (if any): yes

Context : Atomic scale simulations play a central role to understand and antici-
pate the ageing of materials for low-carbon energy such as batteries or steels in-
side nuclear reactors. The successful Density Functional Theory is the state-of-
the-art method to tackle these bulk materials but still fails to reach physically in-
teresting phenomena such as paramagnetism in austenitic steels or strongly cor-
related electrons in oxydes. Meanwhile, quantum computing is foreseen to solve
industrial materials problems but algorithms developed today in the Noisy Inter-
mediate Scale Quantum (NISQ) era have only been tested on small or toy mo-
dels. In addition, the ultimate goal of outperforming classical algorithms benefi-
ting from dozen of years of optimisation is still out of reach. Description of the
internship In this internship, we will combine advanced quantum chemistry me-
thods (embedding methods such as Density Matrix Embedding Theory-DMET)
and quantum computing where the solving part will be a quantum algorithm that
can be run on a quantum computer. Your work will be to design a quantum em-
bedding approach to solve NiO oxyde such as in (Cao et al., 2023) and to com-
pare numerical results of this algorithm with best classical methods.

The effect of noise might be explored. This internship is planned to be pursued
in a PhD CIFRE.

Requirements

 Appealing for multi-disciplinary projects.

* Strong taste for Numerical work (Python, Quantum packages).

* Strong background in Quantum Mechanics, Statistical Physics, Condensed
Matter Physics/Quantum Chemistry.

Logistic



* The internship will take place at EDF R&D at Moret sur Loing, near Fontaine-
bleau (line R from Paris Gare de lyon).

* Duration is expected to be 5 to 6 months, a compensation is planned.

* Collaboration between EDF (Antoine Michel and Christophe Domain), the
Montpellier University (Bruno Senjean)

and Bordeaux University (Matthieu Saubanere).

Contacts

* Antoine MICHEL - antoine.michel@edf.fr

* Bruno SENJEAN - bruno.senjean@umontpellier.fr

* Matthieu Saubanére - matthieu.saubanere@cnrs.fr

* Christophe Domain - christophe.domain@edf.fr
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