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Résumé. 2014 Des résultats expérimentaux sont présentés concernant l’interaction d’atomes
métastables d’hélium et de photons U.V. produits dans une même source, avec une surface de
molybdène [110] propre. Grâce à un système de temps de vol, les spectres en énergie des électrons
secondaires dûs aux atomes métastables et aux photons peuvent être séparés et enregistrés simul-
tanément. Le traitement mathématique des courbes expérimentales et la comparaison des résultats
avec des densités d’état calculées montrent que le processus de désexcitation des He* est une ioni-
sation résonnante suivie d’une neutralisation Auger.

Abstract. 2014 Experimental results are given concerning the interaction of metastable helium
atoms and U.V. photons, produced in the same source, with a clean molybdenum [110] surface.
By means of a time of flight system the energy spectra of the secondary electrons due to metastable
atoms and photons may be separated and recorded simultaneously. Mathematical processing of
the experimental curves and comparison of the results with calculated state densities show that
the He* deexcitation process is a resonant ionization followed by an Auger neutralization.
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In 1954 H. D. Hagstrum [1] announced a means
of studying the electronic properties of solid surfaces
by their interaction with metastable rare gas atoms,
and further work along these lines has since confirmed
the interest of this research [2-6].
The results given here show that in the same way

as I.N.S. [7, 8] this experimental technique can supply
data complementary to those obtained by U.P.S.

Experimental method. - With the experimental
set-up used here, already described elsewhere [9], it
is possible by a time of flight method to separate the
secondary particles due to photons and metastable
atoms and record the corresponding signals simul-
taneously [10]. The source of photons and metastable
atoms was designed to give a beam containing no
helium atoms of high kinetic energy [11]. The secon-
dary electron energies are analysed by a cylindrical
electrostatic analyser [12] which, connected to an

electron gun, is also used to characterize the surface
by A.E.S.

The target having been cleaned in the usual way
(ion bombardment with argon and electron bombard-
ment heating), the secondary electron energy spectra
are recorded simultaneously, hence under strictly
identical experimental conditions : background pres-
sure (  10 - 8 Pa), interval between thermal flash and
start of measurement ( ~ 20 s), measurement time
(12 min.) ; the results given were obtained for a

45 degree angle of incidence and an angle of obser-
vation perpendicular to the target.

Mathematical processing method. - Until recently
when P. D. Johnson and T. A. Delchar [13] found
that the energy spectrum of electrons produced by
interaction of a beam from a non-pulsed source with
a nickel surface had to be interpreted as the result
of a one-electron mechanism (direct Auger deexci-
tation), all comparison of experimental results with
the theoretical model led to the assumption of a
two-electron mechanism (resonant ionization follow-
ed by an Auger neutralization) for these interactions,
at least for solids with a work function higher than
the ionization potential of the metastable atom in
question.
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Moreover the validity of this hypothesis was

confirmed experimentally by the observation of He +
ions formed near the surface by ionization of the He*
atoms [14]. We therefore have to find a digital comput-
ing method capable of deconvoluting the meta-

electron energy spectra, for comparison with the

photoelectron spectra and the calculated electron
state densities. This method, described in another
article [15, 16], is based on a property of spline func-
tions : the self-convolution product of a spline
function of order q is a spline function of order 2 q,
with uniqueness of solution, and uses Marquardt’s
algorithm for the digital calculation [17].

Conversely it can be useful to self-convolute the

photoelectron spectrum and to compare it with that
of the metaelectrons.
For this we need only calculate :

to obtain point by point the self-convolution product
of the function F( y).

Results-discussion. - The photoelectron and meta-
electron spectra may thus be obtained experimentally
at the same time and compared either directly or
after mathematical treatment.

FIG. 1. - la : Photoelectron spectrum. lb : Metaelectron spec-
trum. Dotted lines : experimental data. Solid lines : la : deconvo-
luted curve of the metaelectron spectrum. lb : self-convoluted

curve of the photoelectron spectrum.

Figure 1 shows the results obtained :

- Our metaelectron spectrum differs from that
obtained by Hagstrum with I.N.S. [18]. But, his

target was polycrystalline molybdenum. It should
be also observed that our spectrum has been carried
out with angle resolved electron analysis, whilst

Hagstrum’s spectrum is achieved with a R.P.D.
method on the total current.
- The two experimental curves are different.
- On the other hand the self-convolution product

of the photoelectron spectrum practically coincides
with the experimental metaelectron curve.
- It is also found that deconvolution of the meta-

electron spectrum reveals the same structures as

those obtained by photo-emission, but are more

pronounced.
Figure 2a shows the comparison of our results

with a density of states calculated by I. Petroff and
G. R. Viswanathan [19]. Figure 2b shows the same
comparison but with a local density of states cal-
culated by Spanjaard [20] for Mo [110].

FIG. 2. - 2a : Comparison of the calculated state density [15]
(solid line) with the curve obtained by deconvolution of the meta-
emission spectrum (dashed line). 2b : Comparison of the calcu-
lated state density [16] (solid line : extended D.O.S., dotted line :
surface states) with the curve obtained by deconvolution of the

meta-emission spectrum (dashed line).

In both cases the position of the peaks correspond
well.
Thus calling D(x) the density of the initial states

in the solid we may consider, according to Hagstrum,
that the probability of the elementary process leading
to neutralization of the hole corresponding to the
He+ ion ground level and to expulsion of an electron
from the solid, transition probability excluded, is :

Since we have an infinity of paired levels x - a
and x + a symmetrical with respect to the level x,
liable to cause ejection of an electron of given energy,
the total probability is thus :

This expression, the self-convolution product of the
initial state density, is similar to within a scale factor
to the mathematical model used to process the

experimental curve.
This comparison between theoretical model, expe-

rimental results and state density calculations is

satisfactory enough to confirm the validity of the
theoretical model and the ability of metastable helium
on molybdenum to give accurate information on
the density of states near the surface of the metal.
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