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Machine learning is revolutionizing molecular and chemical sciences, especially in ground-state
studies where numerous foundational models have already been established. Yet, applying
machine learning to reactions that are affected by perturbations, such as light excitation or external
electric fields, remains a significant challenge due to issues with model transferability. In this
presentation, I will investigate how machine learning can be expanded to encompass simulations
that incorporate excited states and external fields.!™ I will also illustrate how insights gained from
ground-state simulations can be adapted and how knowledge can be translated to excited-state
systems by leveraging X-MACE, the excited-state version of the message-passing atomic cluster
expansion (MACE) framework,* potentially paving the way towards universal excited-state
machine learning models.

References:

1 Tiefenbacher, M. X. et al. Excited-state nonadiabatic dynamics in explicit solvent using
machine learned interatomic potentials. arXiv preprint arXiv:2501.16974 (2025).
2 Barrett, R., Dietschreit, J. C. & Westermayr, J. Incorporating Long-Range Interactions via
the Multipole Expansion into Ground and Excited-State Molecular Simulations. arXiv preprint
arXiv:2502.21045 (2025).

3 Mausenberger, S. et al. SpaiNN: equivariant message passing for excited-state nonadiabatic
molecular dynamics. Chem. Sci. 15, 15880-15890, doi:10.1039/D4SC04164J (2024).

4 Barrett, R., Ortner, C. & Westermayr, J. Transferable Machine Learning Potential X-MACE
for Excited States using Integrated DeepSets. arXiv preprint arXiv:2502.12870 (2025).


mailto:julia.westermayr@uni-leipzig.de

Virtual International Seminar on Theoretical Advancements ISTA

A New Perspective on the Exact Factorization of the Molecular Wavefunction
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The interest in non-adiabatic dynamics continues to give rise to numerous approaches to solve the
molecular time-dependent Schrodinger equation [1], among them are the methods based on the
Exact Factorization (EF). With this formalism, the molecular wavefunction is decomposed into an
exact product of a marginal nuclear and a conditional electronic wavefunction. This seems
conceptually different from the standard treatments of the molecular wavefunction, which express
it in the adiabatic and diabatic electronic bases. In this contribution, I will present a new perspective
on the EF [2], highlighting the connection to the adiabatic and diabatic electronic basis.
Specifically, we find that (1) there are unitary transformations that transform among the three
representations, i.e., EF, adiabatic and diabatic, and that (2) are defined by the diagonalization of
respective operators (Fig. 1, left). Properties of EF, as the U(1) gauge freedom and the partial
normalization condition emerge naturally in this picture. When acting on the time-dependent
Schrédinger equation, the unitaries generate the electronic and the nuclear evolution equations.
I will conclude with some recent applications of the coupled-trajectory methods to simulate the
ultrafast dynamics of fulvene and 4-(dimethylamino)benzonitrile (DMABN) (Fig. 1, right) [3]
whose electronic structure is represented using linear vibronic coupling models [4].
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