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Comment on “Quantum Scattering of Heavy
Particles from a 10 K Cu(111) Surface”

In a recent Letter Althoffet al. [1] reported a study of
scattering of thermal Ne, Ar, and Kr atoms from a Cu(11
surface in which they assessed the corresponding Deb
Waller factor (DWF) as a function of the particle massm
in a wide range of substrate temperatureT . The experi-
ments were interpreted by the semiclassical DWF theo
[2–4] in which the projectile moves on the classical reco
less trajectoryrstd and the surface vibrations are quantize
This gives the DWF in the formI00  expf22W sm, T dg
where the Debye-Waller exponent2W (DWE) in the es-
sentially one-dimensional (1D) approach of Refs. [2–
and the limitT ! 0 depends on the particle incoming en
ergy Ei, surface Debye temperatureQD , and the static
atom-surface potentialV szd, but not onm. On the other
hand, in the scattering regimeT ¿ Qt  h̄yskBtd and
Qt , QD , wheret is the effective collision time, it scales
as2W ~ m1y2T . However, the experiments described i
[1] were carried out in the quantum scattering regime
which, as we show below, neither of the above semiclas
cal scalings holds and the semiclassical DWE significan
deviates from the exact quantum one both in the low a
high T limits, irrespective of the form ofV szd. Hence, the
quantum scattering data [1] cannot be reliably interpret
by the semiclassical but rather by the quantum theory.

To substantiate these statements we carry out a fu
three-dimensional quantum [5–7] and semiclassical [
calculation of the DWF relevant to the experiments o
Ref. [1]. We start from the quantum DWE [cf. Ref. [6]
Eq. (3)] in which we also include prompt sticking pro
cesses because of their large contribution to the quant
DWF and use theoreticalV szd’s from [1] which produce a
closer fit of the semiclassical DWF to the data. The qua
tum DWF has the correct semiclassical limit [5] which en

FIG. 1. Calculated temperature dependence of the quant
(full curves) and semiclassical (dashed curves) Debye-Wal
factor for Ne, Ar, and Kr scattering from Cu(111) and
experimental results [1] (full symbols).
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FIG. 2. Dependence of quantum (full curves) and semiclas
sical Debye-Waller exponent (dashed curves) on particle ma
for fixed V szd andEi in the low and high temperature limits.

ables pinpointing the breakdown of the semiclassical de
scription. A comparison of the measured [1] and calcu
lated DWF’s shown in Fig. 1 reveals general agreeme
between the measured and quantum and not the semicl
sical values, confirming the validity of quantum approach
A systematic small underestimate at very lowT appears
because our results are uncorrected forT -independent dif-
fuse elastic scattering. The breakdown of the semiclassic
approach is illustrated in Fig. 2 which shows them depen-
dence of the quantum and semiclassical DWE’s calculate
in the low (main panel) and high (inset)T limits for fixed
V szd andEi . It is seen that the semiclassical 1D scaling
results for the DWE are reached for masses which large
exceed those of the scattered atoms. Hence, although o
calculations support the conjectures of Ref. [1] on them
dependence of the DWF for heavy particle-surface sca
tering in theclassicallimit, they also demonstrate that the
semiclassical approach is not yet applicable in the studie
scattering regime and that thequantumapproach should be
used instead.
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