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SCATTERING OF 20Ne ATOMS FROM THE (001) FACE OF LiF
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österreichisches Forschungszentrum Seibersdorf
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An apparatus for measurements of inelastic scattering

processes of gas atoms from crystal surfaces is described.

Scattering experiments with Neon atoms of thermal energy

on the (001) LiF surface in the <100> azimuth are dis-

cussed. Inelastic scattering shows large contributions of

single phonon interactions as well as of modes originating

from the bulk bands.

Recent results [1] with molecular beam scattering in com-

bination with time of flight analysis demonstrate the

ability of this technique to gain information about both

the dynamics of the gas-surface interaction as well as the

dynamics of the surface lattice throughout the whole (non

dispersive and dispersive) regime.

Apparatus

For the investigation of inelastic scattering processes

a combined measurement of momentum and energy transfer is

of great importance. The accuracy of the measurement of

both quantities is determined by the angular resolution

(A9) of the apparatus and by the velocity resolution

(̂ •) of the molecular beam (being Ä0 « ± 0,1 • and ~-*

0,5 % in our case). Fig. 1 shows a general scheme of the

time of flight (TOF) apparatus in a vertical cross-sectio-

nal view. The system consists of four differentially

pumped vessels containing 1) the Ne-source with nozzle

(Nz) and scimmer (Sc), 2) a mechanical velocity selector,

3) the target and manipulator and 4) the quadrupol mass

analyser (Ql) for the detection of the scattered Ne beam.
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The source can be cooled with liquid nitrogen to vary the

thermal energy of the beam. It also can be operated at

pressures up to 100 bar in order to achieve highly ex-

panded nozzle beams with narrow velocity distributions.

In the case of Ne the velocity resolution is limited by

cluster formation to — <v 5 %. This value is reduced to

^ « 0,5 % by the use of the velocity selector which

consists of two slotted disks rotating at a precisely con-

trolled frequency (Af - 0.3 %o) up to 25 000 upm. The LiF

target has to be cleaved in air and is cleaned in situ by

resistance heating. For the scattering experiments the

crystal can be cooled by thermal contact with a cryopump

(130 K for the measurements in Fig. 2 and 3). In order to

detect extremely small signals the detector is placed out-

side the scattering chamber. Two cryopumps (Cr) which

screen the whole flight path from the target toward the

ionisation area of the mass spectrometer (Ql) effectively

help to improve the signal to noise ratio. The source-

target-detector angle is fixed at 90 * for these measure-

ments, but can be changed by different ports in steps of
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10 *. A second quadrupol mass analyser (Q2) is installed

to monitor the direct beam. The signal is fed into a

pulse counting system and into a multichannel analyser

operating in the multichannel scaling mode.

Scattering experiments

The angular distribution of the scattered intensity, which

is shown in Fig. 2, is measured by rotation of the crystal

to vary the incident angle »j.The width of the Bragg

maxima is determined by the angular resolution of the

maxima apparatus and the velocity spread of the unselected

Ne nozzle beam (—• -v 5 %). A considerable part of the

scattered intensity is accumulated in the broad feature-

less tails of the elastic diffraction maxima.
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TOF measurements help to characterize the non-Bragg com-

ponent. Fig. 3 shows such TOF spectra taken at »i = 39.6°,

39.3" and 36.6*, i. e. 0.0«, 0.3' and 3.0« out of the

direction of the (11) maximum respectively. The maximum

in the spectrum at ei * 39.6* (Fig. 3a) is due to elasti-

cally scattered Ne atoms, the maxima of Fig. 3b and 3c

result from inelastic processes. To qualify these pro-

cesses an analysis in terms of energy and momentum trans-

fer has to be performed, which is outlined in e. g. in

[23. The results for single Rayleigh phonon interactions

are indicated either by arrows for the maximum in Fig. 3b

or for the whole velocity spectrum of the beam in Fig. 3c

(shaded areas). Obviously the theoretical time shifts

agree with the observed intensity maxima. Fig. 3c gives

further information about the phonon spectrum:
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The two possible Rayleigh phonon modes (CL and CG) are

insufficient to interpret the data. The major contribution

comes from those bulk phonons, which are picked up by the

scattering conditions. These bulk modes are embedded with-

in the Rayleigh modes in the energy scale and therefore

they appear between the positions of- Rayleigh modes in

the TOF-spectruai.

Another conclusion from the TOF-spectra in Fig. 3 is the

evidence of single phonon interactions. The theoretical

width of inelastic structures caused by single phonon

events must not exceed the width due to the velocity

distribution of the beam (i. e. the width of the elastic

TOF spectrum in Fig. 3a) plus the time spread due to the

different energies of the phonons contributing to the

TOF spectra (i. e. the width between the CL and CG modes

in our case). The fulfillment of this condition in connec-

tion with the flat and unstructured background favours

an explanation in terms of single phonon scattering.(see

Fig. 3b). A theoretical semiclassical evaluation of two

phonon scattering probabilities by Meyer [4] also shows

! a considerable enhancement of the cross section at loca-

j< tions of single phonon events, but always in connection

| with a characteristic slight increase outside these
: locations which is not found in our TOF spectra. By com- T

parison with old data of more intense Ne beams [3] the «"

prevailing part of the background can be assigned to the e

*, :' ' electronic noise and to the residual Ne gas pressure in £
the system.

i Our results of a preponderance of single phonon scattering £ ing

is in contradiction to theoretical predictions, e. g. I
r' Weare's criterion [1J
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is not fulfilled. Here M. is the mass ratio ofbeam' surface
the projectile and the surface atom, E. is the normal

energy component, T and 8 are the surface and the Debye

temperature respectively. Another estimation of the pro-

bability P of a n-phonon scattering process is given in

[4]

h*

-1

lea

I nee-

where -2W is the exponent of the Oebye Waller factor.

Applied to our data this estimation yields P, * 5,9 %,

P2 - 12,7 %, P3 - 18,1 %, P4 - 19,4 %, P5 » 16,6%,P6 =

11,8 %, P? > 7,2 %, Pe « 3,9 Ü etc., which predicts a pre-

ponderance of multiphonon scattering events. Also an ex-

planation of cur experimental result by the assumption of one

high energy phonon amidst a "cloud" of small energy

phonons giving rise to a one-phonon-like process doesn't

seem likely because of the low energies of the observed

phonons (E . • 1,0 - 1,7 meV in Fig. 3b). The results

demonstrate the necessity of a proper analysis of the

inelastic scattering probabilities by accurate TOF measure-

ments preferable to global measurements of the Debye

Waller factor in order to come to an agreement with

theory.

r.

This work was supported by the Fonds zur Förderung der

Wissenschaftlichen Forschung

fing

[1] J.P. Toennies, "Phonon Interaction in Atom Scattering

from surfaces" in Dynamics of Gas-Surface Interaction,

Springer Series in Chemical Physics, 21, 1982

C2] E. Semerad, E.M. HÖrl, Surf. Sei. 115 (1982) 346

[3] E. Semerad, E.M. Hörl, Proceedings of the VIII Sym-

posium on Molecular Beams, Cannes 1981

[43 H.D. Meyer, Surf. Sei. 104 (1981) 117


