
Photochemistry of Proton Transfer with Tensor
Networks

Figure: Proton transfer in biological medium
(Image by Argonne National Laboratory)

Figure: Crystal structure of an FMO pigment
system, where proton transfer takes place
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Theory of Photoinduced Excited State Proton Transfer with
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An Ultrafast and Photoinduced Phenomenon

• The efficiency of the Photoinduced Excited State Proton Transfer is critical for
light reactions of photosynthesis.

• It is characterized by an ultrafast response (up to a few tens of femstoseconds)
and a large (≥ 8000 cm−1) Stokes shift [1].

• Out-of-equilibrium vibronic states are involved but not fully apprehended
although it seems to be a crucial factor.

• We adapted the Julia package MPSDynamics.jl [2] on tensor network to gain
insight into the non-equilibrium dynamics of proton transfer.

Tensor decomposition

• Matrix Product State method is an Ansatz, decomposing the general |ψ(t)⟩ =∑
Ci1 i2...iN |ϕi1 . . . ϕiN⟩ and the dN dimension coefficient Ci1 i2...iN [3]:
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• Time-Dependent Variational Principle is a time evolution approach that evalu-
ate each of the tensor with a change of δt in local Hamiltonians.

• The entanglement between tensors is regulated during the dynamics, leading
to a restricted Hilbert space.

Dual Florescence Dynamics

Baths are the only cause of coupling between electronic states.
Spectra are recovered very accurately since information is restored from the bath.
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Features on the Many-Body System

• Two baths : molecular vibrations (phonons) and the electromagnetic surround-
ing (photons).

• The Hamiltonian can be time dependent (simulating a driving).

• A new tensor branch can be added to represent the proton reaction coordinate.

. . .

Reaction CoordinateDriving

. . .

Linear Phonon BathLinear Photon Bath

Driven Doublewell Description with Dissipation

The dynamics of a system upon irradiation can be described in the very short
times. The proton coordinate can be monitored while simulating it non-classically.
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Conclusion

This study is tackling the general problem of electronic systems inter-
acting with environments in the out-of-equilibrium regime. Baths are
treated very precisely thanks to the Matrix Product States technique,
and store the system information, providing dual fluorescence spectra
resolved in time. Moreover, this same framework allows to access the
hydrogen reaction coordinate, approaching more and more realistic
models.

References

1. F. Borbone, A. Tuzi et al. Crys. Growth Des. 17, 10, 5517-5523 (2017)
2. A. Dunnett, A. Chin et al. J. Chem. Phys. 155(14):144112 (2021)
3. S. Paeckecl et al. Annals of Physics 411 p. 167998 (2019)

You can contact me at : lede@insp.jussieu.fr
This research is funded by ISIM Sorbonne.

Feel free to come to my poster :)

Photochemistry of Proton Transfer with Tensor Networks Brieuc Le Dé 4 / 4


