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Angular distributions of Ar reflected from molten metal surfaces
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Recent experimental measurements of the angular distributions of monoenergetic beams of Ar
atoms, with incident energies of up to 1 eV scattered from a molten In surface, are compared with
calculated intensities. The data are described by classical scattering theory and the agreement
indicates that the shapes of the lobes are dominated by single collisions with the surface, and the
interaction potential has a smooth repulsive barrier similar to that commonly used to describe
rare-gas scattering from crystalline metals. The attractive adsorption well of the interaction potential
is considered, and is shown to have significant effects on the angular distributions at low incident
energy. The dependence of the angular distributions on surface temperature is also well described.
© 1999 American Institute of Physids$0021-960809)70124-§

I. INTRODUCTION scattering process and the In liquid were described by

Lennard-Jones pairwise potential models, indicated that clas-
Understanding the scattering distribution of a singlesical scattering theory is adequate to describe this syStam.

atomic or molecular projectile incident on a clean surface ighis note it is suggested that these new data can be explained

the problem fundamental to a description of the energy trandn the context of a relatively simple classical scattering

fer and forces acting at a surface under conditions of rarefietheory, but that these experiments further narrow the possible

gas flow. Clearly, the choice of a rare gas as the probingcattering models, and hence, give a more precise picture of

projectile provides the least complicated atom—surface interthe interaction.

action potential and, hence, can produce surface sensitive

information with the simplest analysi€. For example, He

atom scattering at thermal and hyperthermal energies th THEORY

produced enormous amounts of detailed information on sur-"

face structure and dynamics for metals, semiconductors, and |n the classical limit of large incident energies and high

insulators’ However, He atoms at energies of up a hundredsurface temperatures the scattering of an atomic projectile by

meV or more act as quantum-mechanical particles. On thg continuous, smooth, vibrating surface can be described by

other hand, the more massive rare gases at these same ingidifferential reflection coefficient for scattering an incident

dent energies can often be treated with classical mechanicGeam of particles with momentump, into the small final

yet the energy is still sufficiently low that the probability of solid angledQ; and small final energy intervalE;. The
excitation of atomic states or creation of surface damage igesult is given b§70—12

negligible? Thus the heavier rare gases such as Ar are po-

tentially a highly useful tool as a probe of surface structure  dR(p;,p;) m2v2R| o 5 T 32
and dynamics. : : : dQdE; _47T3ﬁ2pizSu.c.|T”| AEokgTs
A series of new and very interesting experiments re- R
cently has been carried out for the scattering of the heavier (Ef—Ej+AEq)*+2vgP? !
rare gases Ne, Ar, and Xe from the molten metal surfaces of xexp — 4kgTSAE, (@

Ga, In, and BP® The energy-resolved scattering intensities
have been examined with classical scattering tHeangl the ~ whereE; andE; are the final and initial energy of the pro-
comparison with data indicates that the scattering can be bgectile whose energy in a given momentum stades given
sically described as binary collisions with the substrate atby Eq=p§/2m with m the projectile massTg is the surface
oms with important contributions coming from multiple col- temperature andg is the Boltzmann constan§, .. is the
lisions with the surface. Further analysis of the temperaturarea of a surface unit celbg is a weighted average of pho-
dependence of this energy-resolved datdicated that these non velocities at the surfacdd,| 7|2 is the scattering form
molten metal surfaces act as smooth but corrugated repulsifactor,# is the Planck constant, anxE is the recoil energy.
barriers similar to the types of potentials found for the caséThe momentum of a projectile is decomposed into compo-
of He atom scattering from metal crystal surfatés. nents parallel and perpendicular to the surface according to
Recently, additional data have become available on the,=(P,,p,,) with the z axis taken as normal to the surface
scattered total angular distributions for monoenergetic ArandP=P;—P; is the parallel momentum transfer. The recoil
beams incident on the liquid In surface at several differenenergy appearing in Eql) is, in the simplest case, given by
initial energies of up to one e¥°? Initial analysis of this AE,=p?/2M wherep=p;— p; is the scattering vector ari
data using a molecular-dynamics simulation, in which theis the mass of a surface atom. The Gaussian-like term in the
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parallel momentum transfé® in Eq. (1) arises from vibra- functions!’ In the semiclassical limit of a hard, repulsive

tional correlations of adjacent parts of the smooth repulsivéarrier B— this (and all other similar matrix elementgo

surface due to vibrations polarized both parallel and perperto the limit®

dicular to the surface, and this is the only dependence of Eq. _

: 7t; = 4PtPiz /M. (©)

(1) on the actual form of the surface phonon spectral density.

The parametepy appearing in this Gaussian-like term can The differential reflection coefficient of Ed1) combined

be calculated from the phonon spectral density and fowith the form factor of Eq(3) constitute a smooth, flat sur-

smooth, close-packed metal surfaces is expected to be of tifiace, classical model for the scattering which depends on

order of the Rayleigh phonon velocity. However, for only the single parameters and this is the primary model

rougher and less correlated surfaces such as the liquid meta$ed here to compare with experiment.

considered here, it is expected to have smaller values reflect- However, there are other more elaborate forms that clas-

ing the smaller range of correlation for the surface vibrationssical models can take. An intermediate model, which con-

A table of values ofvg obtained for a number of different nects the discrete model of E@) and the flat surface model

surfaces and atomic projectiles is given in Ref. 13. of Eq. (1), has been obtained by considering a smooth but
Another model, which has also been used to discussorrugated potential barriérBy using models based on the

rare-gas scattering from surfaces, regards the surface asferm of the scattering source function for a hard wall corru-

collection of discrete scattering centers. In this case, the cogated surface, this intermediate classical model produces a

relation between different scattering centers is lost and thdifferential reflection coefficient of the form

parametew g=0. However, the correct classical differential dR(p;.p;) m?|ps| - 1/2

reflection coefficient is not obtained from Ed) simply by Lo =7 |Tﬂ|2( )

taking the limitv g— 0. The correct derivation for this model dQdE; 874"

produces an expression which differs from Eg). not only " p{ (Ef— Ei+AEO)2]

exp —————

in that the Gaussian-like term in parallel momentum transfer
disappears, but also the prefactor involvihg, and Tg ap-

pears raised to the powerinstead of. The differential Y
reflection coefficient for this discrete model is given by X KeTSAEo/2h 202+ 72
P2
dR( pf lpi) mzlpf| 2 ™ V2 X exq — } (4)
40,08, 8%, | AEokgTe 4(kgTsAE/ 205+ 477 |’
(E;—E,+AE,)? wherey is the corrugation parameter of the source function.
xexp — ——— % | 2 In the limit of smally (nearly flat surfaceEq. (4) reduces to
AkgTSAE,

the continuum model of Eq1), while in the limit of large
v it goes to the limit of Eq.(2). For the scattering of Ar
Equation(1) has been shown to give the correct temperaturgrom liquid In and Ga, the temperature dependence of the
and energy dependence for He atom scattering from metanergy-resolved scattering data has been explained by the

surfaces in the classical limit of high incident energies andntermediate model of Eq4) with a value for the parameter
large surface temperaturEs'* For ion scattering at much y=20A"1 andvr=400m/s’

higher energies the discrete model of E@) appears to
apply® and this is reasonable because high-energy ionﬁI RESULTS
would be expected to interact with the hard cores of the ™
substrate atoms and not with the much weaker electron den- Figure 1 shows experimental data points for a series of
sity extending outside the surface layer which is the origin otthree polar plots exhibiting the scattered total angular inten-
the repulsive force experienced by low-energy atomic prosities for three different incident energy monoenergetic
jectiles. beams of Ar incident at an angle of 55° with respect to the
The final quantity needed in order to fully specify the surface normal on a liquid In surface at a temperature of
differential reflection coefficient of Ed1) is the form factor 436 K (6 K above the melting temperaturé®©ne is immedi-
|74i|2. A constant form factor is correct for classical hard- ately struck by the fact that this data clearly shows behavior
sphere scattering, however, this is not appropriate for scawhich is far from an equilibrium distribution, as a gas in
tering from a smooth repulsive barrier. Instead, the semiequilibrium with the surface would have the Knudsen cosine
classical form factor can be obtained from the quantumdistribution which appears in a polar plot as a circle tangent
mechanical transition matrix in the appropriate limit. Theto the origin. The lobes shown as solid curves in Fig. 1 are
guantum-mechanical form factor is given by the transitioncalculated from Eq(1) with the form factor of Eq(3). The
matrix of the elastic part of the interaction potential extendedheoretical curve plotted idR/dQ ¢, which is the integral of
off the energy shell to final momenta corresponding to theEg. (1) over all final energies.
inelastic translational energy lo¥sFor example, a widely Quite good agreement with the data is achieved with a
utilized form factor for elastic and inelastic He atom scat-value ofvg~450 m/s at the incident energi&s= 36 and 96
tering is the Jackson—Mott form which is the matrix ele- kJ/mole(373 and 995 me)/ At the lowest incident energy of
ment of an exponentially repulsive potential, e.¥\(z) 6 kJ/mole (62 me\) a smaller value ofvg=100m/s was
=Vgexp(—pB2), taken with respect to its own eigen- used. In solids the value of; is expected to be smaller than
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FIG. 1. Polar plots of angular lobes for Ar scattered by liquid InTat Energy (kJ/mol)
=436 K for the three incident energigs;=6, 36, and 96 kJ/mole as
marked. The incident angle is 55°. The solid curves are the theoreticaFIG. 2. Comparison of three different classical models with the experimen-
calculations with the corresponding valuesvgf indicated. tal data at 96 and 92 meV and for the three incident angles-of5°, 55°,
and 65°. The calculations are for single scattering only, in which the solid
curve is the discrete model of E@) with a constant form factor, the dashed
curve is the continuum model of E¢l) with the hard wall form factor of
the bulk or surface wave velocitghe sound velocity in lig- Eg. (3), and the dash—dot curve is the continuum model with a constant

uid Ar is 2215 m/s at its melting temperatﬂﬁ')e and for form fgctor. Each panel cqntains calculations using all three of these mpdels.
liquids where the correlation between atoms is less than iﬂr:)edgl'sccljre\igolesgonqt:”s o parameters, while for both of the continuum
solidsvg is expected to be even smaller. Thus the values o?] : '

vR Obtained here are well within expectations.

It is argued below in connection with Fig. 4 that the perature. Such a comparison is shown in Fig. 2 which com-
smaller value ofvg required for the lowest incident energy pares the TOF dat@onverted to energy transjeat an inci-
using the simple flat repulsive barrier model of Ed) is  dent energyg;~1 eV at three angles near the most probable
primarily due to neglect of the attractive van der Waals ad4intensity of aboutd;=50° with both the discrete and con-
sorption potential. The depth of this potential well is prob-tinuum models. The three calculated curves are for the dis-
ably similar to that expected for typical metal surfaces whererete model with a constant form factor, and two curves for
for Ar it has been variously estimated at roughly 40—100the continuum model usingg=450 m/s, one with the con-
meV ?° thus the well depth may be comparable to the inci-stant form factor and one with the hard wall form factor.
dent energy in this case. Only the single scattering contribution is shown in each case.

It is of interest to note that for the angular distribution It is immediately apparent that all of these calculated curves
lobes of Fig. 1, good agreement is found with the continuumare quite similar in shape and are distinguished only by a
model of Eq.(1), but not with the discrete model of E(®). slight difference in the position of the maximum. Only if the
The discrete model produces lobes which are too broad ancbrrelation parametery, is raised to values larger than 500
whose most probable intensities are not at the correct posim/s does the continuum model produce an intensity peak
tions, regardless of which of the two form factors are used, @appreciably narrower than the discrete model.
constant or the hard wall expression of E8). In principle, Thus, on the sole basis of TOF data taken at angles near
of the two form factors, only the constant form factor is to the maximum intensitie@vhich in this case is also near to
appropriate for the discrete model on physical grounds, anthe specular directignit appears difficult to distinguish be-
this gives quite poor agreement with the angular distributween the discrete and continuum models. Of course, the two
tions. At first glance this result seems to be in disagreemenhodels do have a different dependence on surface tempera-
with the fact that in earlier work the energy-resolved time-ture which is clear from the envelope factors of Edg.and
of-flight (TOF) intensity distributions for this same Ar—In (2), and we discuss this aspect further below in connection
system were explained rather well using the discrete modelyith Fig. 5.
with the inclusion of multiple scattering with the surface It is also of importance to note from Fig. 2 that the single
atoms™ The explanation for this apparent contradiction isscattering contribution alone does a moderately reasonable
that both the discrete and continuum models produce verjob of matching the width and shape of the measured energy-
similar results for the energy-resolved intensities if one lim-resolved intensities and appears to dominate the area under
its the comparison to scattered angles near to the maximuthe intensity curve. In the earlier work it was found that the
(or most probableintensities and for a single surface tem- multiple scattering contributions were important in matching
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FIG. 3. Calculated dependence og of the angular distribution lobe of Ar - Dio meV v (b)
scattering from liquid In withE; =36 kJ/mole(373 meV as in Fig. 1. The 55° o B;:?gom:ev 55°

parametew i takes on the valuesg=1, 250, 450, and 650 m/s as marked.

E=96 kJ/mol
the calculations to the high- and low-energy tails of the l
datal® while the single scattering term was the dominant
contribution to the total intensity. FIG. 4. Dependence of the scattered angular distribution on the depth of the
Figure 3 shows calculated predictions at the incidentttractive potential well for the scattering of Ar from liquid In &
beam energy of 36 kJ/m0(673 me\b for the dependence of =436 K. (a) E;=6 kd/mol, and(b) E;=96 kJ/mol as in Fig. 1. The three

o . . calculated curves are for well depths Bf=0 (solid curvg, D=50 meV
the angular distributions on the parametgg. Figure 3 (short-dashed curyeand D =100 meV (long-dashed curve all with the

shows that the effect of |ncre_aS|_ng _the Valuem 1S tO_ _ parametervg=450 m/s. Additionally, on graplia) for E;=6 kJ/mol the
narrow the scattered angular distribution lobe and to shift itSiash—dot curve shows a somewhat better fit vidtr 100 meV andvg

center away from the normal directigeupraspecular shjit ~ =350m/s.
This is to be expected because, as seen from the Gaussian-
like term in the parallel momentum transfer in E@), the
effect of a largev is to restrict the final parallel momentum Fig. 4 for the smallest and largest incident energigss 6
to values very close to the incident parallel momentum.and 96 kJ/mol, shown in Fig. 1. The angular distribution data
However, the dependence op is not strong, and reasonable are compared to the continuum model calculation with well
agreement with the data is still obtainedf is varied by as  depths ofD =0, 50, and 100 me\0, 4.8, and 9.6 kJ/mol; the
much as 10% about its optimal value. solid, dashed, and long-dashed curves, respeclivalywith

Up to this point the scattering data has been treated witthe sameyg=450 m/s value used for the two higher energy
a theory based on a purely repulsive interaction potentialangular distributions in Fig. 1. Clearly the effect of the po-
However, the van der Waals force between the surface angntial well is to give a considerable broadening to the cal-
the incident atomic projectile creates an attractive well inculated angular distribution. The calculation with a rather
front of the surface. In the case of purely classical scatteringarge well of depthD=100meV is not far from being in
the primary effect of the van der Waals attractive potential iseasonable agreement with the data, anggifis reduced to
to accelerate the incoming particle in the direction normal ta350 m/s(dash—dot curvethe agreement is rather good, as is
the surface. This is a refractive effect quite similar to thealso shown in the top panel of Fig. 4. The bottom panel of
familiar Snell's law of optics in refractive media. Since re- Fig. 4 shows similar calculations compared with the experi-
fraction is the dominant effect, the potential can be modeledanental lobe data for the highest energygpf 96 kJ/mol and
by a one-dimensional potential well and for a given wellhere it is seen that the well, which in this case is much
depthD the refraction does not depend on the shape of themaller than the incident energy, has little effect on the re-
attractive part. Thus, this attractive force can be modeled bgults. Thus, it appears that the van der Waals attractive po-
an attractive one-dimensional square-well potential in frontential well can explain much of the reason why a smaller
of the repulsive barrier. If the well is made wider than thevalue ofvg was needed at low energy in order to match the
selvedge region of the surface, where the selvedge region engular distribution data with a simple repulsive barrier.
bounded by the maximum and minimum extents of the cor-  The temperature dependence of the angular distributions
rugation of the hard repulsive wall, then its width is unim- are shown in Fig. 5 for the two different incident energies
portant, and the effect on the collision process is to replac&;=6 and 96 kJ/mol and two surface temperaturés,

the perpendicular component of the momentpgp near the =436 and 586 K. Also shown in each panel of Fig. 5 are two
surface by an enhanced valiyg, which includes the well calculated curves fofs=436 and 586 K as explained in
depthD more detail below. In the experimental measurements taken

at the higher energy there is a noticeably strdrgdepen-
dence, however, this is much less apparent at the lower en-
This model of the attractive potential refracts all projectilesergy where in fact at some angles the experimental error bars
at the leading edge of the well and causes them to collidare overlapping for the points taken at the two different
with the barrier with a higher normal energy. The effects oftemperature8.As Tg is increased the angular distribution
the attractive potential well on the scattering are displayed inobe broadens, and its most probable intensity decreases and

Pa,=P5,+2mD. (5)
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It is interesting that the temperature-dependent change in
the shape and intensity of the scattered lobe at low incident
energy is much smaller than for the higher incident energy.
The primary reason for this is that at the lower energy the
average energy of an incident Ar atom is smaller than the
average vibrational kinetic energy of a surface atom. Thus

the average fractional energy loss of the incident beam is
significantly less when making a single collision than is the
K0 case for incident energies which are much higher than that of
a typical surface atom. It should also be noted that at the
lower incident energy of 6 kJ/mol it is difficult to exclude the
possibility of a contribution to the scattered intensity due to
trapping in the adsorption well with subsequent thermal dif-
fuse emissiod® Previous energy-resolved TOF measure-
ments at incident energies higher than 6 kJ/mol have dem-
onstrated that there is no significant diffuse signal for those
larger energie&? but for the combination of surface tem-
FIG. 5. Dependence of the scattered angular distribution on surface terr[—)erz.itu.reS ?nd the I(.)W incident energy used here.' Itis dl.fﬂcu“
perature for Ar scattering from liquid In at the two incident enerdi@s o distinguish the direct scattered and thermal diffuse signals
E;=6 kJ/mol, and(b) E;=96 kd/mol. On each polar plot are shown the in & TOF experiment. Thus despite the reasonable agreement

experimental data for the two temperatufles=436 K (open circles, same  shown in Fig. 5, a small contribution due to thermal diffuse
as in Fig. 2 and 586 K(X). The calculations are as follows: fd; emission cannot be ruled out

=6 kJ/mol the solid curve is the continuum model with= 100 meV and The th tical t t d dent behavior f d
vr=450 m/s as in Fig. 4 and fdg;= 96 kJ/mol the solid curve is the con- € theoreucal temperature dependaent behavior toun

tinuum model withD=0 and vg=450 m/s, both forTs=436K. The  here for the angular distributions is somewhat surprising
dashed curves are the same calculations Wik 586 K. when compared to the temperature dependence found for the
energy-resolved dafaAs was demonstrated in Ref. 4, at a
given temperature the discrete model predicts rather well the
shifts toward the surface norm#bubspecular shift The forms of the TOF intensities as a function of final energy, as
broadening of the lobe is due to the larger range of finadoes also the continuum model as shown in Fig. 2. However,
states available to a scattered particle at higher temperaturdfe decrease of the most probable intensity with increasing
and concomitant with the broadening, the magnitude of thd's Was not correctly given by either of these models, the
most probable intensity must decrease as is required by thEs >~ dependence predicted by the continuum model of Eq.
unitarity of the ratio of numbers of incident to outgoing scat- (1) being too rapid, and th&g ' behavior of the discrete
tered particles. The shift towards the subspecular direction ig1odel of Eq.(2) being not rapid enough. The intermediate
expected because the average energy of the scattered parodel (4), however, with parametersg=400m/s andy
ticles increases with the surface temperature. =20A"1 gave good agreement with the available TOF data
The calculations shown at high incident energy in Fig.for both Ar—In and Ar—Ga, thus the temperature dependence
5(b) are for the simplest continuum model without a poten-of the energy-resolved TOF data would indicate that the lig-
tial well. The broadening, shift, and absolute decrease imiid metal surface is corrugated as expected. However, the
maximum intensity observed in the data at the higher temtemperature-dependent data for the angular distribution lobes
perature ofTg=586 K are correctly predicted by the con- considered heréalbeit, currently limited to only two tem-
tinuum model calculation as seen in Fighp If a well is  peraturesare consistent with the predictions of the simpler
included in the calculation the results change very little, asontinuum model.
indicated previously in connection with Fig. 4. It is of interest to use the continuum model to make
The calculations shown in Fig(& for the smaller inci- further predictions of the temperature-dependent characteris-
dent energy are done with the parameters from Fig) 4 tics of the angular distributions. The subspecular shift of the
(vr=450m/s and a well dept®=100me\}. In this case, most probable intensity with increasing temperature is rather
the broadening, subspecular shift, and the decrease in maxgubstantial and amounts to about 10° between the melting
mum intensity are much less pronounced than for the highgpoint of In andTs=1000 K. The decrease of the most prob-
energy case of Fig.(B). Again, the calculations match the able intensity of the calculated angular distribution lobes is
small temperature-dependent changes in the data reasonabather strong, and follows approximately 'Iég3’4 depen-
well. The presence of the attractive potential well is not ex-dence. The full width at half maximuit-WHM) of the lobe
pected to have an appreciable effect on the temperature dicreases withTg approximately with the power law é’3
pendence of the calculations, and in order to check this cablnder the conditions of Fig. 5. It is interesting to note that the
culations were also carried out for the parameters of F@). 1 temperature dependence as a function of final angles of the
(vg=100m/s and> =0) as well as for the better-fit param- FWHM for the angular distribution lobe is, as expected, less
eters of Fig. 4a) (vg=350m/s and =100me\j and in all  strong than the FWHM as a function of energy of the TOF
cases the agreement with the experimental data is very siménergy-resolved peaks, which for all the classical models in-
lar to that of Fig. %a). creases very nearly a2,

E=96 kJ/mol

{
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IV. CONCLUSIONS Fourier component will describe a flat surface poteritia¢

One of the conclusions that one can draw from thedverage surfageand the limiting hard wall form for its semi-

agreement shown in Fig. 1 is that the primary shape of th&lassical matrix elements will be identical with that of Eq.
scattered lobes is determined by single scattering event§3)- Thus, if the surface is not too rough, implying that the
This conclusion is consistent with the fact that the lobedhigher order Fourier components are not large, then the cur-
show distinctly nonequilibrium behavior. In order to achieverent continuum model can still give a good description of the
equilibrium, incoming particles would have to make manyintegrated angular lobes considered here. However, even in
collisions with the surface in order to attain a Maxwell—the case in which the higher order Fourier components are
Boltzmann distribution, which is clearly not the case here. Atnot small, implying a rough surface, tzedependence of the
first glance this conclusion about the predominance of singleepulsive part of all Fourier components of the potential will
scattering would appear to be in contradiction to earlier thepe gpproximately exponential in form. Since the Jackson—
oretical comparisons with the energy-resolved data for thesgioit matrix element is the matrix element of an exponen-

same systems, where it was found that additional multiplgj . renyisive potential, all Fourier components would be

scattering was necessary in order to fully agree with the meaﬁwultiplied by the Jackson—Mott matrix element, which in the

sured TOF daté.Ho_wever, n th'$ previous work the_ single hard wall barrier limit becomes E3). The above argument
scattering contribution was dominant, and the multiple scat-:

tering was needed mainly to obtain agreement with the oblMmplies th‘"_"t '_[he form fagtor of even a rgugh surfa.cet\, in. the
served intensity in the low- and high-energy tails of the dis_hard wall limit, will contain as a.n approximate multiplicative
tribution. Thus these measurements of total angulaf@ctor, the Jackson—Mott function of E(B).
distributions, which at each final angle consist of the integral ~ Not surprisingly, it is found that the adsorption potential
over all final energies, also appear to be dominated by thwell in front of the surface barrier plays a large role in shap-
single scattering contribution. ing the scattered angular distribution when the incident en-
An equally important conclusion is that the range ofergy is small. Although the simple square-well model
classical scattering models which can explain the measurexdopted here does not have the correzt behavior of the
ments is rather severely restricted by these new experimentgading term of the attractive van der Waals potential, it does
The model which agrees with the current angular distributiorcorrectly produce the refraction effects and the higher energy
data taken at temperatur@g=436 and 586 K is the con-  of collision into the repulsive barrier due to the well. The
tinuum model of Eq(1) for a smooth repulsive barrier taken yefraction and higher normal energy of collision are the ma-

together with the semiclassical hard wall form factor of Eq'jor effects of an attractive well in classical scattering, since

(3), and at low incident energy the adsorption well must bethe backscattering of incoming projectiles by the attractive

mpluded n the potentlal. Similar galculatlons c;arned OUtvan der Walls force will be negligible. The main effect of the
with the discrete particle model, which was previously used

to analyze the earlier energy-resolved TOF data for this sam'g_C lusion of a.m attractive well, as compared to a, pqten.tlal
Ar—In systenf do not agree with the observed lobes. TheW'th no well, is to broaden the scattered angular distribution

single parametep, contained in the smooth barrier model lobes when the incident energy is comparable to or not too
takes on values which are well within the expected rangeMuch larger than the well depth.
Furthermore, this velocity has an important physical mean- The present theoretical analysis of the data currently
ing, it is a measure of the correlation between nearby pointgvailable for the scattering of Ar from liquid In surfaces has
on the surface, and can in principle be calculated indeperproduced a clearer picture of the scattering process. The
dently of the scattering proces!! shape of the energy-resolved scattered intensities is rather
Clearly, a smooth, flat repulsive barrier as embodied invell explained with a classical model in which single scat-
the form factor of Eq(3) is an overly simplistic view of the tering events are dominant, but multiple scattering is neces-
molten metal surface, which must in reality be somewhakary in order to describe the high- and low-energy tails of the
rough. In fact, the importance of the surface roughness ignergy distributiof. As shown in Fig. 2, either the discrete
evident in the fact that the earlier analysis of the TOF datgy continuum surface models of Ed4) or (2) is adequate to

required a corrugated surface in order to obtain agreemenfescribe the energy-resolved TOF data taken at a single tem-
V;’]'th the Ite?perat:cjre dep((ajntljfeﬂcﬁovaeverf, the sui_ces(,jshof perature and at final angles near to the maximum in the an-
the simple flat-surtace model for the form factor utilized here ular distributions. The newly available data for the total
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