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Here we report computational details of the three-dimensional wave packet (WP3D)

approach followed in this work. As outlined in the paper, the atom moving towards the

membrane is represented by a wave packet on a grid in the three-dimensional cartesian

space. For the coordinates paralell to the membrane (x, y), 64×64 evenly spaced points

along the unit cell were chosen whereas for the perpendicular coordinate (z) a very large

grid was defined in order to include regions where the absorption of the wave packet (detailed

below) can be smoothly performed: typically 512 evenly spaced points ranging from -30 to

45 Å.

The initial wave packet is

Ψ(r, t = 0) = G(z; z0, kz0, α)
exp [iK ·R]

(∆x∆y)1/2
(1)

where G(z; z0, kz0, α) is a Heller’s Gaussian wave packet1

G(z; z0, kz0, α) =

(
2 Im(α)

π~

)1/4

exp
[
iα(z − z0)

2/~ + ikz0(z − z0)
]

(2)
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where zo = 12 Å and kz0 are the central values of the wave packet in the position and

momentum spaces, respectively, while α is a pure imaginary number that determines the

width of this function in both spaces. In this way, a given initial wave packet involves

a distribution of translational energies around
~2k2z0
2µ

. For both systems, different runs were

carried out by varying kz0 (and eventually Im(α), in the range between 0.097 to 0.388 atomic

units) in order to cover the complete range of translational energies studied.

Wave packets were propagated in time by means of the split operator method2 and

the Fast Fourier transform using a time step of 0.05 fs. To prevent unphysical behavior

of the wave packets at the edges of the grid of the non-periodic coordinate (z), they were

smoothly splitted every 5 fs into interaction and product wave packets3,4 using damping

functions defined within the asymptotic regions (z < z− = -5 Å and z > z+ = 20 Å) as

f±(z) = exp [−β(z − z±)2], with β = 3 × 10−3 Å−2. After splitting, propagation is resumed

using the interaction portion of the wave packet. No further analysis of the product wave

packets is performed. The stationary wave function and its derivative at the flux surface

(zf= -3 Å), needed to obtain the transmission probability as a function of the translational

energy (Eq. 2) were computed by accumulating the integrand of the time-energy Fourier

transform along the propagation time.5 Computation runs until most of the wave packet (≥

99%) has been absorbed in the asymptotic regions. The involved total propagation times

ranged between 10 (for the higher translational energy range in non-resonant scattering) and

80 ps (for the lowest energy range when selective adsorption resonances are present).

Many convergence checks were carried out by varying the number of grid points, the grid

size along coordinate z, the position of the flux surface, the time step, absorption regions,

absorption frequency, etc. The computed transmission probabilities barely changed upon

these modifications. A significant example is the estability of the resonant pattern of the 3He-

P7 probabilities shown in Fig. S1, where three different calculations were carried out with

simulation parameters detailed in Table S1. Other test calculations with an increased number

of coordinate points or an increased size of the grid along z (keeping constant the density
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Fig-SI-eps-converted-to.pdf

Figure S1: Detail of the transmission probabilities of Fig. 4 of the main text, for three
different calculations with set of parameters detailed in Table S1.

of points and the size of the absorption regions) are not show because the corresponding

probabilities are identical to the reference calculation (Set 1) at the escale of Fig. S1.
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Table S1: Parameters of the calculations leading to the probabilities of Fig. S1. Remaining
simulation parameters are as especified in the text.

Set 1 Set 2 Set 3
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