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S1 Gradients validation

In this section, we validate the computation of gradients by examining the significance of Pulay forces:

⟨∂I,ξΨ|Ĥ(R)|Ψ⟩+ ⟨Ψ|Ĥ(R)|∂I,ξΨ⟩.

For this, we compute the numerical differentiation of the electronic energies using a two-point finite

difference formula with a step size of 0.001 Angstroms, and compare these with gradients that only

consider the Hellmann-Feynman term, as shown in Eq. 6.

Our analysis focuses on the gradients of the S0 and S1 states of HN=CH2. The geometries used in this

analysis were extracted from three points in the trajectory: the beginning of the dynamics (Figs. S1 and

S2), just before hopping to the ground state (Figs. S3 and S4), and at the end of the dynamics (Figs. S5

and S6).

The agreement between the approximate and exact gradients is satisfactory across all cases, with rela-

tively small errors. Larger relative errors are observed only for small gradient values.
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Figure S1: Left panel: Gradients of the S0 state considering all contributions (Eq. 5) vs. gradients

considering only the Hellmann-Feynman term for a geometry at the beginning of the dynamics. Right

panel: Absolute value of the relative error of the approximate gradients.
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Figure S2: Left panel: Gradients of the S1 state considering all contributions (Eq. 5) vs. gradients

considering only the Hellmann-Feynman term for a geometry at the beginning of the dynamics. Right

panel: Absolute value of the relative error of the approximate gradients.
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Figure S3: Left panel: Gradients of the S0 state considering all contributions (Eq. 5) vs. gradients

considering only the Hellmann-Feynman term for a geometry just before hopping to the ground state.

Right panel: Absolute value of the relative error of the approximate gradients.
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Figure S4: Left panel: Gradients of the S1 state considering all contributions (Eq. 5) vs. gradients

considering only the Hellmann-Feynman term for a geometry just before hopping to the ground state.

Right panel: Absolute value of the relative error of the approximate gradients.
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Figure S5: Left panel: Gradients of the S0 state considering all contributions (Eq. 5) vs. gradients

considering only the Hellmann-Feynman term for a geometry in the end of the dynamics. Right panel:

Absolute value of the relative error of the approximate gradients.
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Figure S6: Left panel: Gradients of the S1 state considering all contributions (Eq. 5) vs. gradients

considering only the Hellmann-Feynman term for a geometry in the end of the dynamics. Right panel:

Absolute value of the relative error of the approximate gradients.
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S2 State overlap
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Figure S7: State overlap over time for four different trajectories. s01 is the overlap between states S0 and

S1, s02 is the overlap between states S0 and S2, and s12 is the overlap between states S1 and S2.
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S3 HN=CH2 individual trajectories
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Figure S8: PES for six different trajectories of HN=CH2. The thin black line represents the total energy

(kinetic + potential) over time and the circles represent the active adiabatic state.


