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Quantum optimal transport is a theory that adapts classical optimal transport to a framework where mea-
sures are replaced by density matrices, that is self-adjoint, positive, trace-one operators. These matrices arise
naturally in quantum mechanics. Quantum optimal transport has drawn attention in recent years, with different
formulations, most of which adapting Kantorovich problem from classical optimal transport.

In this talk, I will present a numerical method to compute the quantum optimal transport distance proposed
by Carlen and Maas [2] in 2020. This distance is a Riemannian distance on the manifold of density matrices,
based on the Bénamou–Brenier formulation [5] and mimicking the Otto formulation of dynamical optimal
transport [1].

I will present a numerical method to compute this distance, based on a sequential quadratic programming
(SQP) method, following Chen and al. [3], with an extra interior-point strategy to tackle the problem of
semidefinite matrices, inspired by a similar work on vanishing densities in the classical setting [4]. This method
allows us to compute distances and geodesics for large matrices. We then study qualitatively the geodesics
through the integral kernel of the matrices. We study the convergence with respect to the discretization in a
Fourier basis.

I will then present examples of quantum chemistry density matrices. These matrices characterize some
important properties of the wavefunction solution to the Schrödinger equation. These matrices have low rank,
and these examples can only be treated with a careful numerical method. We will compare the Carlen-Mass
geodesics with the solutions with varying nuclei positions, with the aim of giving approximations of solutions
in quantum chemistry.
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