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H Atom Sticking to He and He Films 100 I I I I I I Ili

Attention has been drawn by new data to the funda-
mental problem of the sticking coefficient s(T) at tem-
perature T approaching zero [I]. In the case of H im-

pinging on a He surface, s was found to deviate substan-
tially from the expected T' dependence, even in the re-
gime T =10 K. Interestingly, similar behavior was
predicted in one of several calculations of Goldman [2],
the case of an assumed potential which we call V~, see
Fig. 1. In this Comment, we describe calculations lead-
ing to the following conclusions: Goldman s potential is
too attractive at long range. When this is corrected, the
resulting s values are orders of magnitude smaller than
experiment [I]; this is true of any plausible potential re-
quired to be consistent with the measured binding energy
[31. To explain the s data, therefore, one must invoke a
source of a strong long-range attraction. This may be the
substrate if the He is actually a film. Finally, we note
that there is an important factor [4] enhancing s due to a
wave-function correction beyond the Born approximation;
this has not previously been taken into account.

The first step we took was to modify Vt by replacing its
dispersion coe%cient Cg with the theoretical coeScient C
which is smaller by a factor of 4, and incorporating the
effect of retardation [5]. The new potential is

V = V if(z) —Ch (z) I
—f(z)

I + z/I

where h(z) =z'/(z "+zn) and we have turned off the
Goldman dispersion with a Fermi-type function f=I/
Il+exp[(z b)/a]} at —a conservatively large distance
b=25 A; a=4, zn=3. 8, and i=200 A. As seen in Fig.
I, the values of s computed (from the formula of Ref. [2],
with the wave-function correction of Ref. [4]) with V~~

are orders of magnitude smaller than those calculated
with V~, due to the extreme sensitivity of the wave func-
tion to the long-range behavior. After much tinkering
with alternative short-range potentials, we have conclud-
ed that the s data are not compatible with the known

binding energy and asymptotic behavior of V. We have
therefore addressed the effects of the substrate, since the
He actually exists as a film of thickness d [6,71. The po-
tential considered is similar to V~~, apart from the effect
of the substrate:
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FIG. I. Sticking coeScient computed from the formulas ot
Refs. [2] and [4] vs atom energy for potentials discussed in the
text. The V[v case dilTers from Vin only in its use of the wave-
function correction of Ref. [4]; both use C, =5000 KA' and
Il =50 A.
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Boheim, Brenig, and Stutski [4], can explain the high-s
data if one assumes "appropriate" substrate parameters.
This situation illustrates that these experiments are in-
valuable probes of generally elusive long-range forces.

We are indebted to Tom Greytak, who informed us of
the work of Hijmans, Wa]raven, and Shlyapnikov [7]; the
latter reaches qualitatively similar conclusions, but does
not incorporate the wave-function renormalization of Ref.
[4]. This research has been supported by NSF Grant No.
9022681.
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—C[l —f(z)] [h(z) —x '],
where x =z+d and C,. is the substrate dispersion coeS-
cient; tuII=37 K and p=0.587 A ', similar to values in

V~. As seen in Fig. 1, the resulting s values are quite
compatible with the data. This conclusion depends on the
actual d and C, values in the experiment, which are not
known at present.

Vr'e conclude that the theory of sticking, as revised by
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