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S1 Quantum dynamics

To simulate the wavepacket dynamics, the vibronic wavefunction is expressed combining

the products of stationary electronic functions |i⟩ and evolving nuclear functions
∣∣Ψvib

i

〉
:

|Ψ(q, t)⟩ =
∑
i

ci(t) |i⟩
∣∣Ψvib

i

〉
(q, t) (S1)

The vibrational part is written using the ML-MCTDH ansatz. The nuclear physical coor-

dinates q = {q1, . . . , qf}, are compressed in a set of logical coordinates Q = {Q1, . . .Qp},

each one being a combination of physical coordinates Qk = {q1k , . . . , qdk}. The resulting

wavefunctions are:1–4

∣∣Ψvib
i

〉
(Q, t) =

n1∑
j1

· · ·
np∑
jp

Ai,1,1
j1...jp

(t)
∣∣φi,1,1

j1
(Q1, t)

〉
. . .

∣∣∣φi,1,p
jp

(Qp, t)
〉

(S2)

where the time-dependent coefficient Ai,1,1
j1...jp

(t) is used to weight the Hartree product

∣∣φi,1,1
j1

(Q1, t)
〉
. . .

∣∣∣φi,1,p
jp

(Qp, t)
〉

Each function φ is a multi-dimensional single particle function (SPF), written as a nested

expansion of SPFs of lower-dimensionality, where at the lowest level there is the time-

independent primitive basis set χ(qi) of the individual modes. For a simple three-layer

ML-MCTDH wavefunction, the next (and last) layer would be:

∣∣φi,1,k
m (Qk, t)

〉
=

N1k∑
j1k

· · ·
Ndk∑
jdk

Ai,2,k
j1k ...jdk

(t)
∣∣∣χi,k,1

j1k
(q1k)

〉
. . .

∣∣∣χi,k,dk
jdk

(qdk)
〉

(S3)

In this work, we use up to 5 layers, where each φ is written in term of lower-layer functions

φ, and the functions χ are included in the lowest-layer SPFs.
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S2 Adiabaticity of the CT process

To further investigate the adiabatic nature of the dynamics, we calculate the density matrix

in the adiabatic basis. Although we cannot access an adiabatic basis along the wavepacket

dynamics, we approximate this basis by diagonalizing at each time step the Hamiltonian

computed at the expectation values of the normal mode coordinates. The resulting time-

dependent eigenstates are used to approximate the adiabatic basis at time t, and the cor-

responding transformation coefficients c̃(t) are then used to express the density matrix in

this basis:

ρel,adiabab (t) =
∑
ij

c̃ia(t)c̃jb(t)ρ
el
ij(t) (S4)

For this analysis, we consider the two edge cases for the LE-CT energy gap (i.e. two

snapshots) named “case 1” and “case 2”, whose potential energy surfaces are shown in

Fig. 3b,d. The results are shown in Fig. S1. In both cases, our initial excitation mainly

populates the S1 state, while the other adiabatic states remain essentially unpopulated

throughout the dynamics. This observation further confirms that the CT process is essen-

tially adiabatic.
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Figure S1: Adiabatic populations dynamics calculated using the ML-MCTDH method for the a603-
a609 dimer, with the initial state set on the lowest bright delocalized state ex1. To convert the popu-
lation to the adiabatic basis, we follow Eq. S4. The results are averaged over the Molecular Dynamics
simulation (MD2 of Ref. 5).

To explore how the choice of the initial state affects the adiabaticity of the process, we

repeat the simulations starting from ex2, which in both cases has a mainly LE nature.

Now, the ultrafast dynamics shows a transfer from ex2 to ex1 (see Fig. S2a,b), associated

with a more pronounced purity loss during the transfer (Tr(ρ2) ∼ 0.5, Fig. S2c,d) than

what was observed when starting from the bright exciton (Tr(ρ2) ∼ 0.6, Fig. 2c). The

purity recovery is also slower, especially in case 2. These observations suggest that, when

the initial population is set on ex2, the process is nonadiabatic. It is reasonable to think

that ex2 is not populated by interaction with light, as ex1 borrows most of the dipole (see

Fig. S15). On the other hand, if ex2 were populated by EET from other Chls, it would

decay to ex1 within 50-100 fs and finally reach the same state.
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Figure S2: Populations dynamics (upper plots) and (c,d) density matrix purity (lower plots) for two
MD frames (MD2 of Ref. 5), one (a) where the 0-0 energy of the CT state is lower than the LE states,
and another (b) showing the opposite case. The initial state is set on ex2.

S3 Basin-Hopping Simulations

To find all the possible local minima of the S1 state, we perform basin-hopping simula-

tions,6 a global optimization technique to explore energy landscapes. The method alter-

nates between random structural perturbations (”hops”) and local geometry optimizations,

allowing the system to escape local minima and sample a wide portion of the PES. To

perform these simulations, we use the basinhopping function from the scipy.optimize

Python library.7 Each simulation consisted of 100 basin-hopping cycles. The value of the

T parameter in the scipy.optimize.basinhopping function was set to 10000 in order to

enhance sampling of the configurational space and reduce the risk of trapping in local min-

ima. Remarkably, all simulations consistently converged to the same minimum structure

on the S1 surface, regardless of the random perturbations applied during the hopping steps.
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To further validate this result, we repeat the entire basin-hopping protocol, starting from

four different initial geometries, corresponding to the minima of the four diabatic states.

We repeat the simulations for all protein conformations extracted from MD2. For each pro-

tein conformation, the same S1 minimum was consistently found across all basin-hopping

cycles. These results support the conclusion that the S1 PES exhibits a single minimum for

each fixed protein conformation, with no indication of additional local minima within the

explored configurational space.

S4 Comparison with dissipative quantum dynamics

To verify our main conclusions, the ultrafast timescale and coherence of the charge trans-

fer observed in ML-MCTDH simulations, we perform complementary open quantum sys-

tems dynamics simulations using the hierarchical equations of motion (HEOM) method.8

Unlike ML-MCTDH, HEOM naturally incorporates environmental dissipation. If HEOM re-

produces similar dynamics — particularly the CT timescale and coherence recovery — this

would support the physical validity of the mechanism proposed.

The simulations are carried out for the two representative configurations introduced in

Fig. 3, referred to as Case 1 and Case 2, where the a603+a603− minimum is lower and

higher respectively in energy than the LE states.

S4.1 HEOM models

To make HEOM simulations feasible, we had to introduce several simplifications to the LVC

model. To reduce computational cost, we exclude the high-energy CT state a603−a609+,

which was shown to be negligibly populated in ML-MCTDH simulations. The system

thus includes the two locally excited states a603∗ and a609∗, and the low-energy CT state

a603+a609−. The bath is constructed starting from the full 427-mode LVC model. The
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bath modulates the electronic energies, while we neglect the modulation of electronic

couplings. Each normal mode is then mapped to a shifted Drude-Lorentz (sDL) spectral

density (SD):9,10

J(ω) = πλ0ωγ

[
1

(ω − ω0)2 + γ2
+

1

(ω + ω0)2 + γ2

]
(S5)

where λ0 and ω0 are the reorganization energy and frequency of each mode, respectively,

and γ = 350 cm−1 is the damping constant. The parameters are taken from Fig. S8, which

leads to a total spectral density for each electronic state, reported in Fig. S3 with an orange

line. With blue lines, we also report the SDs obtained using γ=40 cm−1.

We fit the resulting spectral densities using two reduced models. The first, referred to as

HEOM-3, uses three effective sDL oscillators per diabatic state (parameters in Table S1).

The second, referred to as HEOM-4/5, is larger and uses four oscillators for each LE state

and five for the CT state (parameters in Table S2). The resulting spectral densities are

reported in Fig. S3 as solid green and red dashed lines respectively. These spectral densities

exactly reproduce the total reorganization energy for each state, and further mimic the

distribution of reorganization energies by frequency. However, they introduce additional

dissipation in the model, due to the strong damping constants γ > 150 cm−1. Attempts to

run HEOM simulations with lower γ values resulted in population divergence. We couple

each electronic state to a different copy of each normal mode. This assumption was shown

to be valid in ML-MCTDH simulations (see Fig. S16).
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Figure S3: Spectral densities coming from the models used for the HEOM simulations and ML-
MCTDH simulations. Each panel represent the spectral densities of different diabatic electronic states
(a603∗,a609∗,a603+a609−). Blue and orange lines indicate the spectral densities obtained starting
from the full 427 modes model (parameters in Fig. S8), and mapping each mode to a sDL oscillator
(Eq. S5), with γ=40,350 cm−1 for the blue and orange lines respectively. Solid green (dashed red)
lines indicate the HEOM-3 (HEOM-4/5) sDL model, whose parameters are reported in Table S1 (Ta-
ble S2).

S4.2 HEOM convergence

To perform HEOM simulations, we use a distributed-memory implementation (DM-HEOM),

which enables scalable and high-performance computations.11 With the HEOM-4/5 model,

populations diverge after ∼15-20 fs for hierarchy depths up to 7 (Fig. S4a). The calcula-

tion at depth 8 became stable; however, a further increase of the hierarchy depth was

impossible because of memory requirements exceeding 250 GB of RAM, thus preventing

us from assessing the convergence. We therefore adopt the HEOM-3 model, which reaches

a reasonable convergence at depth 11, as shown in Fig. S4b,c. Given these results, we pro-

ceeded with the HEOM-3 model.
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Figure S4: Convergence calculations on HEOM dynamics. (a,b) HEOM population dynamics of the
a603+a609− state obtained with different values for the depth parameters, with the (a) HEOM-4/5
and (b) HEOM-3 model (parameters in Table S2). (c) Dynamics of all populations and coherences
using the HEOM-3 model, and depth of 11 (solid lines) and 12 (dashed lines). The simulations are
performed at 300 K for the Case 2 of Fig. 3.

S4.3 Comparison of ML-MCTDH and HEOM

Figure S5: Comparison between ML-MCTDH (solid lines) and HEOM (dashed lines) dynamics. (a,b,c)
Dynamics of the configuration called Case 1 in Fig. 3. (d,e,f) Case 2. (a,d) Population, (b,e) coherence
and (c,f) purity dynamics. HEOM simulations are performed setting the depth to 11 and using the
HEOM-3 model (parameters in Table S1). HEOM simulations are performed at 300 K.
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The resulting HEOM dynamics are compared with ML-MCTDH simulations in Fig. S5, for

both Case 1 (top row, panels a,b,c) and Case 2 (bottom row, panels d,e,f). Population dy-

namics (Fig. S5a,d) show quantitative agreement up to 20-30 fs. After ∼50 fs, ML-MCTDH

exhibits persistent oscillations, while HEOM reaches equilibrium due to the dissipation.

Both methods preserve coherences at long times (Fig. S5b,e).

Importantly, the purity of the electronic density matrix (Fig. S5c,f) predicted by the two

methods is extremely similar. An initial drop in purity is observed due to the separation

of vibrational wavepackets across different electronic states, followed by a recovery as

the system relaxes toward the unique minimum of the S1 surface. In Case 1, the purity

obtained with HEOM reaches a plateau earlier at about 0.76, while the ML-MCTDH purity

reaches ∼0.83 at 200 fs. In contrast, in Case 2, the HEOM purity (∼0.72) is slightly higher

than ML-MCTDH results. We can conclude that in both cases, the restoration of purity

is not an artifact of the closed-system ML-MCTDH treatment, but rather a feature of the

adiabatic relaxation mechanism.

Notably, these results are obtained in spite of the substantially stronger dissipation intro-

duced by our HEOM-3 model. We can assume that these HEOM simulations provide an

upper bound to the dissipation strength in this system. The results of this section confirm

that the ultrafast (∼50 fs) and adiabatic nature of the CT process is robust against the

inclusion of (strong) environmental dissipation, supporting the mechanistic interpretation

proposed in the main text.

Table S1: Shifted Drude-Lorentz parameters (λ, γ, ω0) of the HEOM-3 model. All parameters
are given in cm−1. The parameters were optimized to best reproduce the spectral density
obtained from the model shown in Fig. S8.

a603∗ a609∗ a603+a609−

Eff. mode λ γ ω0

1 248 250 704
2 417 205 1220
3 152 154 1555

Eff. mode λ γ ω0

1 239 267 571
2 276 215 1180
3 84 148 1560

Eff. mode λ γ ω0

1 860 166 250
2 772 250 1116
3 1077 250 1496
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Table S2: Shifted Drude-Lorentz parameters (λ, γ, ω0) of the HEOM-4/5 model (used in
Fig. S4a). All parameters are given in cm−1. The parameters were optimized to best repro-
duce the spectral density obtained from the model shown in Fig. S8.

a603∗ a609∗ a603+a609−

Eff. mode λ γ ω0

1 92 150 521
2 114 250 892
3 390 250 1205
4 222 250 1476

Eff. mode λ γ ω0

1 99 150 250
2 122 250 747
3 261 250 1171
4 116 250 1492

Eff. mode λ γ ω0

1 689 150 250
2 308 250 764
3 277 250 1067
4 724 250 1311
5 709 250 1554

S5 Absorption spectra calculations

To validate the Hamiltonians employed in the quantum dynamics simulations, we compute

the linear absorption spectrum of Lhca4 and compare it with the experimental one mea-

sured at 77 K in Ref. 12. In order to reproduce the absorption spectrum in the Qy region

and to directly compare with experiment, it is essential to include all pigments in the ex-

citonic model. The excitonic parameters for these pigments are taken from Ref. 5 and are

obtained from four independent molecular dynamics trajectories (MD1, MD2, MD3, and

MD4), for a total of 200 configurations.

We treated the excitonic and CT parts of the Hamiltonian as independent ensembles and

generated all possible combinations between them. Each combined Hamiltonian is ob-

tained by augmenting the excitonic Hamiltonian with two additional rows and columns

corresponding to the two CT states. The diagonal elements of this block contain the CT

state energies, while the off-diagonal elements contain the couplings between the CT states

and Chls a603 and a609. The site energies of a603 and a609 and their mutual coupling

are replaced by those obtained from the CT calculations. Because two different density-

functional approximations were employed for the excitonic (M06-2X) and CT (ωB97XD)

calculations, we shift the dimer LE and CT energies so that the average energy of Chls

a603 and a609 in the excitonic Hamiltonian matches the corresponding average energy

in the final augmented Hamiltonian. Moreover, to compensate for the systematic error of
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the TD-DFT method, we shift the site energies by -910 cm−1 (Chl a and CT states) and

-670 cm−1 (Chl b). The average Hamiltonian obtained is reported in Table S3. The a603

and a609 transition dipoles are taken from the exciton M06-2X calculations.

Table S3: Exciton Hamiltonian of Lhca4 (averaged over MD1, MD2, MD3, MD4). All data in
cm−1. CT1 corresponds to a603+a609−, while CT2 corresponds to a603−a609+. To correct
for the different DFT functionals used for the LE and CT calculations, the a603, a609 and CT
energies coming from the dimer calculations are shifted to match the a603 and a609 energies
from the exciton calculations. The energies are further shifted by -910 cm−1 (Chl a and CT
states) and -670 cm−1 (Chl b).

a601 a602 a603 a604 b606 b607 b608 a609

a601 15640.2 -26.6 12.4 0.0 0.0 0.0 0.0 -0.0
a602 -26.6 15368.7 44.1 9.1 7.6 8.1 -8.1 -44.8
a603 12.4 44.1 15575.7 -5.7 -10.6 9.8 3.4 273.6
a604 0.0 9.1 -5.7 15535.4 103.6 34.0 -2.3 -7.5
b606 0.0 7.6 -10.6 103.6 16082.0 34.6 -2.8 -3.6
b607 0.0 8.1 9.8 34.0 34.6 16176.1 -5.3 -18.1
b608 0.0 -8.1 3.4 -2.3 -2.8 -5.3 16216.8 49.9
a609 -0.0 -44.8 273.6 -7.5 -3.6 -18.1 49.9 15479.8
a610 -0.1 -15.8 19.4 -3.7 -2.1 1.8 75.6 -8.4
a611 -42.4 -10.7 -1.2 -4.5 0.0 0.0 7.4 6.5
a612 6.9 23.7 -2.8 3.2 2.5 3.3 -0.7 -1.5
a613 2.7 -2.7 4.1 2.0 2.1 3.9 0.0 -5.6
a614 -9.0 0.9 -8.5 -6.2 0.0 -2.9 0.0 0.0
a615 0.0 -2.6 8.3 1.4 -2.0 -4.8 3.8 -10.8
b616 0.0 0.0 -4.0 2.7 -1.3 -0.2 19.4 12.5
CT1 0.0 0.0 -806.6 0.0 0.0 0.0 0.0 584.1
CT2 0.0 0.0 509.1 0.0 0.0 0.0 0.0 -796.7

a610 a611 a612 a613 a614 a615 b616 CT1 CT2

a601 -0.1 -42.4 6.9 2.7 -9.0 0.0 0.0 0.0 0.0
a602 -15.8 -10.7 23.7 -2.7 0.9 -2.6 0.0 0.0 0.0
a603 19.4 -1.2 -2.8 4.1 -8.5 8.3 -4.0 -806.6 509.1
a604 -3.7 -4.5 3.2 2.0 -6.2 1.4 2.7 0.0 0.0
b606 -2.1 0.0 2.5 2.1 0.0 -2.0 -1.3 0.0 0.0
b607 1.8 0.0 3.3 3.9 -2.9 -4.8 -0.2 0.0 0.0
b608 75.6 7.4 -0.7 0.0 0.0 3.8 19.4 0.0 0.0
a609 -8.4 6.5 -1.5 -5.6 0.0 -10.8 12.5 584.1 -796.7
a610 15440.5 -42.4 38.8 9.7 -0.3 5.0 8.9 0.0 0.0
a611 -42.4 15515.7 223.2 -10.1 -0.7 0.0 0.0 0.0 0.0
a612 38.8 223.2 15639.3 1.6 3.2 0.0 0.0 0.0 0.0
a613 9.7 -10.1 1.6 15625.4 -63.5 0.0 0.0 0.0 0.0
a614 -0.3 -0.7 3.2 -63.5 15647.1 0.0 0.0 0.0 0.0
a615 5.0 0.0 0.0 0.0 0.0 15606.2 2.7 0.0 0.0
b616 8.9 0.0 0.0 0.0 0.0 2.7 16124.9 0.0 0.0
CT1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 18220.7 -12.6
CT2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -12.6 20750.9
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To compute the absorption spectra, we employ the vibronic model developed for the ML-

MCTDH simulations (Fig. S8). From the diabatic energy gradients shown in Fig. S8a,

we derive the reorganization energies and map each normal mode onto an underdamped

Brownian oscillator with frequency ωk, reorganization λk, and damping factor γ = 5 cm−1:13

Jvib(ω) =
∑
k

2λk
ω2
kγ ω

(ω2 − ω2
k)

2
+ γ2ω2

. (S6)

The frequencies and reorganization energies are taken from the full LVC model containing

427 modes. This mapping is repeated for the four diabatic electronic states. For the spectra

calculations, we use the average of the a603 and a609 spectral densities (λvib=709 cm−1)

for all LE states, whereas for the CT states we adopt their specific ones.

The low-frequency protein and environmental motions are modeled using overdamped

Brownian spectral densities, which is equivalent to the first positive-frequency term of the

shifted Drude–Lorentz oscillators (Eq. S5). The parameters are taken from Ref. 5, namely

λenv
LE = 60 cm−1, λenv

a603+a609− = 1337 cm−1, λenv
a603−a609+ = 941 cm−1, and γenv = 30 cm−1. The

total vibrational-environmental spectral densities are reported in Fig. S6.
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Figure S6: Total (environmental + vibrational) spectral densities of the different states of the a603-
a609 dimer used for the calculation of absorption spectra, each in a different panel. The total vibra-
tional reorganization energies are reported in Fig. S8a.

The absorption spectra are then computed using the Full Cumulant Expansion (FCE) line-

shape theory.14 In this framework, the linear absorption is given by

A(ω) ∝
∑
ij

Aij(ω) with Aij = ω Re

∫ +∞

−∞
dt eiωtIij(t)Mij, (S7)
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where Mij = µ⃗i · µ⃗j is the dipole strength matrix. The absorption tensor I(t) is

I(t) = e−iHelte−K(t), (S8)

and the lineshape matrix in the eigenstate basis is defined as

Kab(t) =
∑
c

∑
i

c∗ia|cic|2cib
∫ t

0

dt2

∫ t2

0

dt1e
iωact2−iωbct1Ci(t1), (S9)

Here, we indicate with i, j the localized basis, while with a, b the delocalized basis of the

Hamiltonians eigenstates. Moreover, ℏωac = Ea − Ec is the energy difference between

states a, c and Ci(t) is the bath-correlation function of state i, i.e., the Fourier transform

of its spectral density Ji(ω). The FCE lineshape inherently includes all off-diagonal (non-

secular) terms and captures non-Markovian effects of the bath.

For each MD snapshot the absorption spectrum is computed independently and then aver-

aged to obtain the final spectrum. The spectra are reported in Fig. 4a and commented in

the main text.

We take advantage of our spectra calculations also to justify the neglect of the Chls other

than a603 and a609 in the quantum dynamics. To do so, we calculate the spectra by set-

ting to zero the couplings between the dimer (i.e. a603∗,a609∗,a603+a609−,a603−a609+)

and the other Chls. The result is shown in dashed red line in Fig. S7 (“Total”), com-

pared with the spectrum calculated by including all Chl-Chl couplings (solid blue line).

The two spectra almost overlap, suggesting that, at least in linear spectroscopy, the a603-

a609 dimer is separable from the rest of the rest of Lhca4. To further support this con-

clusion, we quantify the contributions of the a603/a609 dimer to the total absorption

spectrum. To do so, we sum over Aij (Eq. S7) over i, j belonging to the four states

{a603∗, a609∗, a603+a609−, a603−a609+}. The results are shown in Fig. S7 (“Dimer con-

tribution”), again as solid blue line (full model) and dashed red line (uncoupled dimer).
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Also in this case the lines almost overlap, further confirming that the dimer is separable

from the rest of the complex.
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Figure S7: Total absorption spectra and a603-a609 dimer contribution (77 K). Blue solid lines indicate
the spectra calculated using the full Hamiltonians, while to calculate the spectra in red dashed lines we
have set to zero the couplings between the dimer (i.e. a603∗,a609∗,a603+a609−,a603−a609+) and
the other Chls. All spectra are calculated using the Hamiltonians from simulations MD1, MD2, MD3,
MD4.
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S6 Supplementary figures

Figure S8: (a) LVC parameters of diabatic energies and corresponding vibrational frequencies calcu-
lated for the LE and CT states of the a603-a609 dimer from the optimized5 Lhca4 crystal structure.15

This model contains 437 normal modes, corresponding to the modes of the whole dimer. (b) LVC pa-
rameters for the reduced 72 modes model. (c) Representation of a603-a609 dimer; arrows indicate the
vibrations with higher coupling to the diabatic energies. Different normal modes are indicated with
arrow of different colors. (d) Total reorganization energy of each diabatic state.
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Figure S9: Population dynamics for a single frame (case 1, ECT > ELE) extracted from MD sim-
ulations (MD2). The solid lines represent the dynamics obtained by neglecting the LVC parameters
on coupling (gkij=0, i ̸= j), while the dashed lines show the populations obtained by including these
parameters.

0.0 0.2 0.4 0.6 0.8 1.0
Population

0

5

10

15

20

25

30

35

De
ns

ity

ex1
ex2
ex3
ex4

Figure S10: Distribution over MD2 of the delocalized diabatic states, obtained by initially
populating the bright exciton and transforming it into the localized diabatic basis. This state
is then used as the initial state for the ML-MCTDH dynamics. The distributions are obtained using
Gaussian kernels for a kernel-density estimate.
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Figure S11: (a,c,e) Populations and (b,d,f) coherences (absolute value) dynamics calculated using
the ML-MCTDH method for the a603-a609 dimer, with the initial state set on a603∗ (a,b), a609∗

(c,d) and the delocalized diabatic state ex1 (e,f). The results are averaged over the molecular dynamics
simulation (MD2 of Ref. 5).
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Figure S12: Expectation values of the position operator for the three modes with highest reorganiza-
tion energies, projected onto the a603+a609− CT state (left panel), the a603∗ state (central panel)
and the a609∗ state (right panel). The expectation values are averaged over the frames extracted from
the MD simulation (MD2 of Ref. 5). The numbers of the normal modes indicated in the legend refer to
the 72-modes model.
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Figure S13: Potential energy surfaces of the diabatic states (solid lines), along the direction connecting
the minimum of the ground state to the minimum of the CT state, for one MD frame (intermediate
between case 1 and case 2) where the energy of the CT state is similar to that of the LE states. The
adiabatic eigenstates (S1, S2, S3) are shown in black dashed lines. The color scheme is identical to
Figure 3 in the main text.
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Figure S14: (a) Dipole strength (defined in Eq. 8) and (b) charge separation (defined in Eq. 9) along
the ML-MCTDH dynamics. The black lines show the results averaged over the Molecular Dynamics
simulation (MD2 of Ref. 5). Instead, the magenta and blue lines show the MD snapshots introduced
in Fig. 3, named case 1 and case 2 respectively. (c) Coherences (absolute value) between the LE states
and the a603∗a609− state, for the case 1.
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Figure S15: Distributions of the transition dipoles for the delocalized diabatic states. The dipoles used
are from the Molecular Dynamics simulation (MD2 of Ref. 5). The distributions are obtained using
Gaussian kernels for a kernel-density estimate.
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Figure S16: Dynamics of populations (a) and coherences (absolute value) (b) for a single frame
(case 1, ECT > ELE) from MD2 simulations. Modes with reorganization energy below 50 cm−1 in
all diabatic states are excluded, yielding a 20-mode model (solid lines), where modes are shared across
electronic states. Dashed lines show a model with 80 independent modes, each state coupled to its own
copy.
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Figure S17: Dynamics of populations (a), coherences (absolute value) (b) and density matrix purity
(c) for a single frame (case 1, ECT > ELE) from MD2 simulations. Modes with reorganization energy
below a cutoff in all diabatic states are excluded. Solid lines: 72-mode model (cutoff = 20 cm−1).
Dashed lines: 124-mode model (cutoff = 10 cm−1).
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Figure S18: ML-MCTDH tree used for the simulations of the a603-a609, using the 72 modes reduced
model. The numbers of single particle functions used to describe each layer have been indicated on the
lines connecting the corresponding layers of the tree.
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