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

In a recent Letter Althofket al. [1] reported a study of
scattering of thermal Ne, Ar, and Kr atoms from a Cu(111)
surface in which they assessed the corresponding Debye-
Waller factor (DWF) as a function of the particle mass
in a wide range of substrate temperat@tre The experi-
ments were interpreted by the semiclassical DWF theory
[2—4] in which the projectile moves on the classical recoil-
less trajectory (¢) and the surface vibrations are quantized.
This gives the DWF in the forndyy = exd —2W(m, T)]

where the Debye-Waller expone2t (DWE) in the es- - . m [amu]
sentially one-dimensional (1D) approach of Refs. [2-4] ,, . L 10 190 250
and the limit7 — 0 depends on the particle incoming en- 1 10 m [amu] 100 250

ergy E;, surface Debye temperatuf@p, and the static FIG. 2. Dependence of quantum (full curves) and semiclas-

atom-surface potential(z), but not onm. On the other  gjca) pebye-Waller exponent (dashed curves) on particle mass
hand, in the scattering reginie > O, = /i/(kg7) and  for fixed V(z) andE; in the low and high temperature limits.
0, < Op, wherer is the effective collision time, it scales
as2W « m'/2T. However, the experiments described inables pinpointing the breakdown of the semiclassical de-
[1] were carried out in the quantum scattering regime inscription. A comparison of the measured [1] and calcu-
which, as we show below, neither of the above semiclassiated DWF’s shown in Fig. 1 reveals general agreement
cal scalings holds and the semiclassical DWE significantlypetween the measured and quantum and not the semiclas-
deviates from the exact quantum one both in the low andical values, confirming the validity of quantum approach.
high T limits, irrespective of the form o¥ (z). Hence, the A systematic small underestimate at very l@wappears
guantum scattering data [1] cannot be reliably interpretetbecause our results are uncorrectedifendependent dif-
by the semiclassical but rather by the quantum theory. fuse elastic scattering. The breakdown of the semiclassical
To substantiate these statements we carry out a fullgpproach is illustrated in Fig. 2 which shows thelepen-
three-dimensional quantum [5—7] and semiclassical [4Hence of the quantum and semiclassical DWE's calculated
calculation of the DWF relevant to the experiments ofin the low (main panel) and high (insef)limits for fixed
Ref. [1]. We start from the quantum DWE [cf. Ref. [6], V(z) andE;. It is seen that the semiclassical 1D scaling
Eqg. (3)] in which we also include prompt sticking pro- results for the DWE are reached for masses which largely
cesses because of their large contribution to the quantuexceed those of the scattered atoms. Hence, although our
DWF and use theoretica(z)'s from [1] which produce a calculations support the conjectures of Ref. [1] on the
closer fit of the semiclassical DWF to the data. The quandependence of the DWF for heavy particle-surface scat-
tum DWF has the correct semiclassical limit [5] which en-tering in theclassicallimit, they also demonstrate that the
semiclassical approach is not yet applicable in the studied
scattering regime and that theantumapproach should be
used instead.

A. Siber and B. Gumhalter
Institute of Physics of the University
P.O. Box 304, 10001 Zagreb, Croatia

Cu(111) ] Received 13 January 1998 [S0031-9007(98)06697-6]

_ 1 PACS numbers: 68.35.Ja, 34.50.Dy, 82.65.Pa
E; =36 meV |
®i = 700 - [1] F. Althoff, T. Andersson, and S. Andersson, Phys. Rev.

] Lett. 79, 4429 (1997).
] [2] A.C. Levi and H. Suhl, Surf. Sci88, 221 (1979).

B [3] R. Sedlmeir and W. Brenig, Z. Phys. 35, 245 (1979).
1oo_|_ K150 200 250 [4] K. Burke and W. Kohn, Phys. Rev. B3, 2477 (1991).
(K] [5] A. Bilic and B. Gumhalter, Phys. Rev. B2, 12307

FIG. 1. Calculated temperature dependence of the quantum (1995)-

(full curves) and semiclassical (dashed curves) Debye-Waller[6] A. Siber and B. Gumhalter, Surf. S@85 270 (1997).
factor for Ne, Ar, and Kr scattering from Cu(111) and [7] J. Braun, D. Fuhrmann, ASiber, B. Gumbhalter, and Ch.
experimental results [1] (full symbols). Woll, Phys. Rev. Lett80, 125 (1998).

1742 0031-900798/81(8)/1742(1)$15.00 © 1998 The American Physical Society



