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Figure S1 displays one-dimensional cuts of the EMT-PES and the CRP-PES along with
the input data which have been used to optimise the EMT energy expressions for an opti-
mised W(110) slab at 0 K. Under those conditions, the interpolated CRP-PES provides a better
accuracy compared to the EMT-PES. This higher accuracy comes at the cost of a reduced di-
mensionality which prevents explicit treatment of lattice motion—see main text for details.

Figure S2 displays, for the H/W(110) system, the distributions of (X,Y) coordinates on the
surface at the minimum turning point, for the T- (Zyin > 0.8 A), HB- (=0.2 A> Z,;, > 0.8
A) and S- (Zyin < —0.2 A) contributions . For the T-component the minimum rebound occurs
on top of a tungsten atom while it spans the Hollow and Bridge areas for the HB component.
For the S-component, the rebound also appears in the Hollow and Bridge areas, but, in this
case, between the surface and on the second layer of tungsten atoms. The results are in good
agreement for the EMT and CRP models.

In Figure S3, the mean energy loss of all scattering events is split into the mean energy
that is transferred by the H atom to the electrons and to the phonons. Note that while the
total mean energy loss is in good agreement between both models, the individual parts show
more pronounced differences between each other. The energy transfer to the lattice is negligibly
small in the CRP model and also depends on the surface temperature. In the full-dimensional
EMT-based simulation the mean energy transfer to the lattice is approximately 1/6 of the entire
mean energy loss and can be reasonably rationalised with a binary collision model. [1]
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Figure S1: Potential energy plotted against the z coordinate of the H atom at the high symmetry
sites, depicted in Figure 1 in the main text. The grey crosses mark the DFT data used for the

construction of the EMT-PES, which is represented as solid, black line.

represent the CRP-PES.
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Figure S2: Distributions of (X,Y’) coordinates of the minimun turning points, for the T-, HB- and
S-contributions for Effective Medium Theory (EMT, left) and Corrugation Reduction Procedure
(CRP, right) models. The initial conditions for the simulations are E. = 2.76 eV, ¢; = 0°,
0; = 45°, T, = T0K. The red circles represent the tungsten surface atoms at their equilibrium
positions. The black contour lines are separated every 50 units and the areas with a value

Zmin > 0.8A
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greater than 500 are excluded.
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Figure S3: Decomposition of the mean energy loss (Eiqt), depicted in the first row, into the
two possible energy transfer channels, i.e. ehp and phonon excitation for all investigated ¢; and
0;. The second and third row show the mean energy loss due to ehp excitation and phonon
excitation, respectively.
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