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Neutralization of slow multicharged ions at a clean gold surface: Total electron yields
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Total slow-electron (E, (60 eV) yields as derived from measured electron-emission statistics are
presented for impact of various slow (u~ ( 10' m/s) multicharged ions (N'+, N +,Ne' —Ne' +,
Ar + —Ar' +, Kr'+ —Kr' +, Xe +,Xe'+, Xe' +, and I' +,I' +, I '+, I +) on atomically clean polycrystal-
line gold. The experimental data can successfully be modeled by classical over-barrier-type calculations,
in which way three different electron-em&ssion processes have been identified, i.e., autoionization of the
transiently neutralized projectile ("hollow atom") on its approach toward the surface, promotion into
vacuum of electrons captured by the projectile, and "peeling off" of electrons remaining bound in highly
excited states until projectile impact on the surface. The relative importance of these three processes de-

pends strongly both on projectile species and impact velocity.

PACS number(s): 79.20.Nc, 31.50.+w, 79.90.+b

I. INTRODUCTION

Production and decay of so-called hollow atoms has
become a most interesting topic in the field of ion-surface
interactions. Such highly inverted, multiexcited atoms
can be formed by fast resonant neutralization (RN) dur-
ing the approach of slow (U «1 a.u. ) multicharged ions
(MCI's) toward a metal surface. The first evidence for
the existence of hollow atoms near a surface has been
found from the analysis of the resulting soft-x-ray emis-
sion (Ka satellites) [1,2] and fast-Auger-electron emission
[3—5] in the course of MCI-surface collisions.

The formation of hollow atoms near a surface can be
studied in several ways, e.g. , by analyzing the resulting
total electron emission [6,7], the ejected electron energy
distributions [4,5,8 —13], the refiected ion charge states
[14,15] and angular distributions [15,16] and the emission
of soft x rays [1,2, 10,17,18]. The observed electron ener-

gy distributions are dominated by broad low-energy con-
tinua (E, & 30 eV) [8,19,20] with some much smaller con-
tributions from fast Auger electrons [4,5,9—13,
19—21]. Several reviews on the interaction of slow MCI's
with surfaces [10,22 —24] are available and related semi-
classical [25] and classical [26] calculations have recently
been conducted. In addition, some quantum-mechanical
calculations on the involved resonant neutralization or
ionization (RN or RI) [27] and autoionization (AI) [28]
processes have been made.

The now widely accepted scenario for a slow MCI ap-
proaching a metal surface consists of resonant neutraliza-
tion of the projectile by capturing electrons from the met-
al conduction band near the Fermi edge, followed by
deexcitation in small energy steps (auto-ionization cas-
cades). Taking a closer look, however, the following
questions may be asked:

Are there other mechanisms, besides autoionization,
which can produce the observed slow electrons? There is
some evidence that AI processes alone cannot be respon-
sible for the observed velocity-dependence of the total
electron emission yields [29].

When, where, and how do the inner-shell vacancies de-
cay which have been formed during the projectile's ap-
proach towards the surface?

Finally, what happens on the outgoing part of the tra-
jectory of a scattered hollow atom?

In the following, a study is presented on slow-electron-
emission yields resulting from impact of slow MCI's on a
clean gold surface, which have been derived from mea-
sured electron-emission statistics (ES), i.e., the distribu-
tion of probabilities 8'„ for emission of n =0, 1,2, . . .
electrons due to the impact of individual projectiles on
the surface. Some of these results for Ar + ions (q 16)
have already been published but only interpreted in a
qualitative way [29]. Section II contains a detailed
description of our experimental setup and data evaluation
procedure, and in Sec. III we present sets of total electron
yields for Ar ions (q & 16) as well as for Nq+ (q =5,6),
Ne +

(q 10), Kr + (q 10), Xe + (q=6, 8, 10), and
I~+ (q =16,20, 23, 25). A quantitative interpretation of
all related data on the basis of an extended classical
over-the-barrier model [25] will be given in Sec. IV.

In the present paper only the total-electron-emission
yields will be considered, but further useful information
can be deduced from the measured electron-emission
statistics themselves, as will be shown in a companion pa-
per. Atomic units are used unless otherwise stated.

II. EXPERIMENTAL SETUP
AND DATA EVALUATION

The multicharged ions applied in this study have been
produced by a recoil ion source [30] in the following way.
Fast-heavy-ion beams (3—11 MeV/amu) from the GSI
UNILAC accelerator (Darmstadt, Germany) have been
directed through suitable gas or vapor targets. The re-
sulting slow, highly ionized recoil ions were extracted by
a small potential diff'erence (about 2 V) and subsequently
accelerated by a few hundred volts and charge-to-mass
separated in a 180 magnet. After passing a di6'erentially
pumped drift region of ca. 1 m the ions could be either
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further accelerated or decelerated by a four-cylinder lens
assembly, before hitting the target surface under normal
incidence. The rather small spread in initial kinetic ener-
gy of the recoil ions [31] gave access to "nominal" (see
below) final impact energies as low as E„;„~(2+1)q eV (q
being the projectile ion charge). Typical ion fiuxes at the
target surface were, e.g. , 10 Ar' + or 10 Ar' + ions/s.
All electrons ejected from the target with energies
E, ~60 eV into the full 2~ solid angle were deAected by a
highly transparent (96%) conical electrode and then,
after extraction from the target region, accelerated and
focused onto a surface barrier detector (Canberra PD
100-12-300 AM) connected to +26 kV with respect to
the target [32]. Figure 1 shows a sketch of the last sec-
tion of the deceleration-target-detector unit with typical
primary ion —as well as ejected electron trajectories. In
this particular example, the potentials of the various
parts have been set in order to decelerate ions Z~+ from
an initial kinetic energy of 400q eV down to Uq eV, and
at the same time to extract the emitted electrons towards
the solid-state detector.

The target (polycrystalline gold) was regularly sputter
cleaned [33] with a built in 2-keV Ar+-ion gun. By
means of a turbomolecular pump, a Ti-sublimation pump
and liquid-nitrogen-cooled baNe the whole deceleration-
target-detector assembly was kept in UHV at a base pres-
sure below 3 X 10 Pa during all measurements.

All electron emission events induced by an individual
impinging projectile particle will be Gnished within less
than 10 " s [24], which is much shorter than the resolu-
tion time of the applied detection electronics ( ~ 10 s).
Thus, n electrons emitted due to impact of one projectile
are registered like one electron of n X26 keV rather than
a number n of 26-keV electrons. Consequently, the area
below the nth peak of the resulting electron "energy"
spectra is directly related to the probability 8'„ for emis-
sion of n electrons. Equation (1) gives the relation be-
tween the individual probabilities 8'„and the total-
electron-emission yield y (i.e., the mean number of elec-
trons emitted due to impact of one projectile):

@=g nW„, g W„=l. (1)
n=1 n=0

The probability 8'o that no electron is emitted cannot
be determined directly, but may practically be neglected
for yields y ~ 3. Electrons which are reAected from the
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FIG. 1. Setup for measuring statistics of ion-induced electron
emission for impact of slow (Ek;„~2q eV} highly charged ions
on a clean gold target. Indicated potentials refer to deceleration
of a beam of ions Zq+ from 400q eV down to a final kinetic en-
ergy of Uq eV on the target.
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FIG. 2. (a) Measured pulse height spectrum for impact of 100
eV Ar +

(U~ =2.2X10 m/s) on gold (full symbols) and corre-
sponding fit (solid line) taking account of electron backscatter-
ing from the detector surface. (b) Fit to the above spectrum
shown as a sum of contributions for emission of 1,2, 3, . . . elec-
trons. Contributions related to probabilities for the emission of
even numbers of electrons are shaded for guidance. The area of
the nth "stripe" is equal to the probability 8'„ in Eq. (1). (c)
Probability distribution 8'„resulting from this fitting pro-
cedure. The solid line is a Gaussian distribution fitted to the
8'„, whereas the dashed line is a Poissonian distribution with
the same mean value y.



2184 KURZ, AUMAYR, LEMELL, TOGLHOFER, AND WINTER 48

III. EXPERIMENTAL RESULTS

As described above, we have measured ES to derive
from them the total slow electron emission yields for the
projectile species N +,N +,Ne —Ne' +, Ar + —Ar' +,

5+ Kr10+ X 6+ Xe8+ Xe10+ and I16+ I20+ I23+
7 7

I + impinging on clean gold. The nominal (see below)
kinetic energy of these projectiles was varied between
typically 2q eV and 400q eV, and the resulting total
slow-electron yields y have been plotted versus projectile
velocity v in Figs. 3 and 4. For the moment, the solid
lines which represent fits according to Eq. (2) [29] are
only meant for guidance:

Ci
y(U )= +y„. (2)

In Table I total electron emission yields y for three
selected impact velocities have been collected, and in the
last column the velocity-independent fitting parameter
y has been added.
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FIG. 3. Measured total electron yields vs impact velocity U~

for Arq ions impinging on clean gold.

detector surface (fraction =15% [34]) will deposit only
part of their kinetic energy in the detector and thus add
to the simple Gaussian peak shapes [a full width at half
maximum (FWHM) of approximately 6 keV] a broader
structure [35] of well-known shape [36,37] on the low-
energy side of each peak. These structures become dom-
inant for peaks corresponding to higher numbers of elec-
trons [cf. Fig. 2(b)]. A least-squares fit of a linear com-
bination of such peak shapes to the measured pulse
height spectra [Fig. 2(b)] delivers the emission probability
distributions W„[Fig. 2(c)], from which the total electron
yields can then be obtained directly via Eq. (1).

Already on first sight, the following general trends are
obvious:

Within the charge-state manifold of each projectile
species the yields y increase with q, but decrease with in-
creasing projectile velocity, and consequently level ofI' at
high impact velocity towards apparently constant values
y„[cf. Eq. (2)]. For projectile velocities up to 2X10
m/s the kinetic emission yields for the respective singly
and doubly charged ions remain well below 0.5
electrons/ion [32,38] and thus cannot be responsible for
the just-mentioned leveling-off behavior.

The total electron yield for impact of I +, which was
the highest charged ion accessible to us thus far, varies
from 40 up to 70 electrons per incoming ion, whereas for
fully stripped (Ne' +

) and hydrogenlike ions (N + and
Ne +) almost constant yields over the whole impact-
velocity range can be observed.

In Fig. S(a) electron yields have been plotted versus the
total potential energy W „carried by ions Ar i (closed
symbols, v =4.9X10 m/s). W „is defined as

(3)
i=1

where 8' 1, is the ionization potential of Z' "+, i.e.,
the energy needed to remove one electron from the ion
Z' "+. These ionization potentials have been calculat-
ed by using Slater's rules [39],and are equal within 5% to
the sum of ionization potentials of the corresponding
ground state ions given by Kelly and Palumbo [40]. As
has been noted by diff'erent authors [7,8, 11] for charge
states q ~ 8 the yields y(q) remain directly proportional
to the corresponding values W „. In Fig. 5(a), the slope
of the dashed line fitted to the y values for q ~ 8 corre-
sponds to an average energy of 80 eV needed for emission
of one slow electron. For q ~ 10 the yields may again be
approximated by a straight line, which now, however,
corresponds to a "cost" of about 250 eV for emitting
each additional electron. Ar ions of charge states q ~ 8
have completely filled K and L shells, whereas for q ) 8
an increasing number of L-shell vacancies will show up.
Assuming that the RN-AI deexcitation cascades do not
find enough time to fill these vacancies before the projec-
tiles reach the surface (i.e. , Auger transitions into the L
shell have practically not yet taken place, cf. also Refs.
[5,10,13)), they will reach the surface with about q elec-
trons in the M shell and/or higher shells, and still (q —8)
vacancies in the L shell. Consequently, the potential en-
ergy of such a (q —8)-fold highly excited atom has not
yet been made available for emission of slow electrons in
the RN-AI cycle. Plotting the observed total yields y
versus the remaining ("usable" ) potential energy [open
symbols in Fig. 5(a)] indicates that the proportionality of
y with potential energy as obtained for q ~ 8 is continued
also for q & 8 up to the highest charge states investigated
if only this usable potential energy is considered.

In Fig. 5(b) we compare the dependence of slow-
electron yields on 8'~, for Ne, Ar, and Kr ions of equal
velocity v =4.9X10 m/s. For both Ne and Ar projec-
tiles the additional potential energy carried by inner-shell
vacancies in the case of charge states q ) 8 (IC-shell va-
cancies for Ne~+, L-shell vacancies for Ari ), where the
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The interaction of an ion with its image charge will ac-
celerate the projectile toward the surface, thus resulting
in a gain in kinetic energy of the order of AEq
eV [15,16,29]. For slow projectiles (Ez;„(100 eV) in
high charge states (q ~ 15), bEq, may even exceed the
initial kinetic energy and the actual impact velocity will
then be increased by up to a factor of 1.5. Throughout
this paper the terms "nominal" kinetic energy and "nom-
inal" projectile velocity refer to the value without image
charge acceleration taken into account. The deviation of
the data points at low impact energies from the fitted
curves for higher charge states of Arq+ in Fig. 3 may be
related to the just explained gain in projectile velocity
due to image charge attraction. R, (q) = +Sq +21

2 8'@ (4)

IV. DISCUSSION OF EXPERIMENTAL RESULTS
IN COMPARISON WITH MODEL CALCULATIONS

In order to describe the neutralization and deexcitation
processes of MCI's during their interaction with a meta1
surface, we have applied a classical over-the-barrier mod-
el (CBM) first presented in Ref. [25]. The main assump-
tions of this model (for a more detailed description the
reader is referred to [25]) are the following.

During the approach of a MCI (charge state q) toward
a metal surface (decreasing ion-surface distance R), at a
critical distance R, (q)

TABLE I. Total electron emission yields y for impact velocities v~ =2.2X10 m/s, 4.9X10 m/s,
and 9.8X 10 m/s, respectively. y is the velocity-independent fitting parameter obtained from Eq. (1).

Total yields y(U~)

2.2 49 9.8

N 3.0
5.0

3.0
5.1

3.0
5.0

2.9
5.0

5
6
7
8
9

10

3.7
4.8
6.7
8.7

12
15

3.6
4.7
6.2
8.2

11
15

2.9
3.7
4.8
6.8

10
13

Ar 5

6
7
8
9

10
11
12
13
14
15
16

3 ' 3
4.5
6.4
8.1

10
13
14
20
22
26
26
27

2.9
4.2
5.4
6.7
9.0

12
13
17
21
23
25

2.5
3.7
4.7
6.3
8.6

10

16

21

2.0
3.0
3.5
4.7
6.4
7.8
9.4

13
16
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5

6
7
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10

2.8
4.3
6.1

8.5
11
14

2.4
3.6
5.3
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9.5
12

1.9
2.4
3.6
4.6
6.2
7.4

Xe 6
8

10

3.5
7.1

11
5.8
9.8

2. 1

3.7
6.7

16
20
23
25

31
45
61
68

26
38
47
55

33
40
47

16
22
24
29
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( W'~ is the work function of the metal), the potential bar-
rier acting upon an electron of the height

V= — &Sq +2, (5)
2R

formed by the projectile's potential, its image potential,
and the image potentia1 of the electron to be captured is
decreased below the Fermi level of the metal. Conse-
quently, at R, the ion can start to capture electrons reso-
nantly from the conduction band (resonant neutraliza-
tion, RN) into highly excited projectile states (cf. Fig. 7).
This RN stops as soon as the captured electrons decrease
the ion charge state q and, as a consequence, the potential
barrier will rise again above the Fermi level. With fur-
ther approach, the condition R ~R, (q) can again be
satisfied and RN will continue. In parallel with the RN,
A er processes can promote electrons bound on the pro-uge
jectile either above the vacuum level (AI) or tnto emp y
states above the Fermi level of the conduction band
("Auger-loss to conduction band, "AL).

The rojectile energy levels are shifted upwards due toep
1m-(a) interaction with the image charge of the ion core

age shift, " IS) and (b) screening of the charge of the ion
b electrons already occupying lower levels due to

1025 .previous RN-AI processes ("screening shift, "SS) [, ].
Electrons that are shifted above the potential barrier

and the Fermi level, can of course be lost again in empty
states of the conduction band (resonant ionization, RI).
Since the AI-related electron yield should decrease with
increasing projectile velocity (i.e., decreasmg Aight time
from the critical distance R, to the target surface), AI
cannot account for the velocity-independent part y of
the measured yields (cf. Sec. III). Therefore other emis-
sion mechanisms have to be responsible for this contribu-
tion. Two promising candidates for such mechanisms
have been mentioned in Ref. [25] and have therefore been
introduced into our model calculations. On the one
hand, electrons "surviving" AI and RI can be promoted
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above the vacuum level and thus escape ("IS+SS promo-
tion"). On the other hand, as soon as the hollow atom
strikes the surface, a third electron-emitting process
should become operative. The still populated outer shells
of such a projectile are "peeled off" (PO), because of
dynamical screening inside the solid [25,42]. Our model
considers an electron to be peeled off, if its corresponding
Bohr radius rz =n /q at the moment of projectile impact
on the surface is still larger than the screening length for
surface plasmons A,, =v~/co~ of the metal (vF is the
Fermi-velocity; m is the surface plasmon frequency; in
the case of a gold target, A, = 3 a.u. ).

Energy levels of bound electrons have been calculated
by assuming hydrogenlike states and using Slater's rules
to account for screening of the respective nuclear charge
[39]. Subshell effects have been neglected, however.

With all the above described assumptions, a set of cou-
pled rate equations [25] can be obtained for the popula-
tions P„of the nth shells of the projectile as a function of
its distance from the surface, plus two further equations
for the number of autoionized electrons and electrons
promoted into vacuum due to SS+IS, respectively. In
addition, Newton's equation of motion governs the evolu-
tion of the perpendicular velocity of the projectile under
the inAuence of its image charge. As an example, Fig. 8

illustrates such a modeled evolution for Ar' + ions imp-
inging on clear gold ( W~ =5. 1 eV) with a nominal kinet-

ic energy of 750 eV (v =6X10 m/s), exposing the fol-
lowing development.

At the critical distance R, =26 a.u. capture into n =13
starts, and soon AL permits population of n = 12 [Fig.
8(b)]. At R =21 a.u. , the lowering of the potential barrier
and IS of the n =12 shell permits RN to proceed into it,
the result of which is that six electrons will quickly be
captured. The increased population of n =12 screens the
nuclear charge for electrons in n = 13, and eventually at
R =18 a.u. , causes their promotion into vacuum [Fig.
8(a)]. These parallel processes continue for the n =12,
11, and 10 shells. We chose to stop our simulation at a
distance of R =2 a.u. , because neither the concept of im-
age charge nor the assumption of hydrogenic energy lev-
els seems appropriate within a closer vicinity to a con-
ducting surface.

From R = 13 a.u. on, the initial Ar' + projectile
remains practically neutralized [Fig. 8(a)], but carries all
its captured electrons in highly excited states up to the
moment of impact, where 12 electrons will still be resid-
ing in the states n =8 through n =11 [cf. Fig. 9(a)]. All
these electrons are now peeled off, because the condition
r~ ~A,, permits only electrons with quantum numbers
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FIG. 8. Modeled neutralization of a 750 eV Ar' + ion
(U~=6X10 m/s) approaching a gold surface: (a) Evolution of
ion charge state q, number of emitted electrons (autoionization
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(peeling ofF) when the projectile hits the surface vs projectile-
surface distance. (b) Population of shells with principal quan-
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FIG. 9. Electron population of a hollow Ar atom resulting
from neutralization or deexcitation of an Ar' + having ap-
proached a gold surface to a distance of 2 a.u. , for two different
nominal kinetic energies.
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n & 6 to remain in bound projectile states inside the solid.
Only for initial projectile velocities U 10 m/s [21 eV
Ar' +, Fig. 9(b)] there will be enough time for some elec-
trons to reach the M and % shells. Our model calcula-
tions deliver a gain in kinetic energy of —50 eV for Ar' +

due to its image charge acceleration, in good agreement
with the value of 60 eV reported for scattering of the
Xe' on a Fe(110) single-crystal surface [16]. Within
the framework of the CBM model, the case illustrated in
Fig 9(b) represents a lower limit to the accessible range of
impact velocities imposed by image-charge acceleration
and thus also a limit to the degree of deexcitation that
can be reached by an AI cascade. This is supported by
the observation that only a small fraction of fast Auger
electrons can be emitted above the surface [10,43,44].

The now peeled off 12 electrons will of course be re-
placed within the solid almost instantaneously via pro-
cesses like resonant capture of bulk core electrons or
Auger neutralization by electrons from the conduction
band. Very likely, a new, rather short-lived multiply ex-
cited atom will be formed with its electrons now captured
into n & 6 shells, giving rise to fast inner-shell transitions,
resulting in energetic Auger electron and/or x-ray pho-
ton emission, as reported in Refs. [2,10,13,43,44]. Such
subsurface fast-Auger-electron-emission processes will be
of no further concern in the present context, however.

In Fig. 10 the impact velocity dependence of the total
electron emission as predicted by the CBM model has
been compared with that of the measured total yields for
impact of Ar' + on gold (full symbols, cf. also Fig. 3).
Note again that kinetic emission (KE) is negligibly small
in the present velocity range.

The dashed curves indicate contributions of the three
electron-emitting processes as regarded above. Peeling
o6' together with SS+IS promotion provide a nearly
velocity-independent contribution. To derive the total
yields one simply has to add up the three contributions,
but the result, labeled [Xl =(AI)+(PO)+(SS or IS)], ob-
viously overestimates the measured yields. Some of the
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electrons emitted from the projectile into the 2m solid an-
gle towards the surface may be absorbed by the metal,
others will be reAected. Especially faster electrons may
produce some secondary electrons. To our knowledge
there are no reliable experimental data on refiection and
secondary electron emission coeKcients due to the impact
of primary electrons in the 1—5-eV energy range, and we
thus made two simple attempts to account "realistically"
for these phenomena. For results denoted by X2 it was
assumed that all electrons promoted or peeled off can
leave the surface, whereas only 50%%uo of the AI electrons
will be emitted towards the detector [X2=(PO)+(SS or
IS)+0.5(AI)]. On the other hand, by XI X0.7 we have
denoted a situation where 30% of all electrons emitted by
the projectile will be absorbed by the target metal. Both
assumptions —however arbitrary —lead to surprisingly
good agreement with the experimental data. Good agree-
ment was found as well for the charge states q =10, 14
and 16, whereas for q & 8 our model predictions and the
experimental results disagreed by up to a factor of 2,
which is probably caused by our too simple assumptions
on the structure of electronic projectile levels involved.

Figure 11(a) illustrates that all three contributions to
the modeled yield increase more or less linearly with the
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projectile charge state q. Of course any weighted sum of
these contributions will also remain linear in q, in excel-
lent agreement with the behavior of both the measured
total yields and the fitting parameter y resulting from
Eq. (2) [cf. Fig. (6)]. The velocity dependence of the AI
part of the total yield [Fig. 11(b)] can be described quite
well by a v curve, again in good agreement with our
measurements and the empirical formula [Eq. (2)]. The
CBM simulations thus corroborate our initial assumption
[29], that the total electron emission yields are composed
of two contributions, only one of them depending on the
projectile impact velocity U, and identify this contribu-
tion to result from AI electron emission. The rest of the
electrons contributing to the measured total yields seems
to depend only rather weakly on U, and can be explained
by IS+SS promotion during the approach of the projec-
tile to the surface and by peeling off upon surface impact,
respectively.

Finally, we found our model to be rather insensitive to
the only source term in the system (i.e., RN), since the
latter could be varied by up to a factor of 5 without any
crucial changes for the evolution of the electronic popula-
tion of the approaching projectile. We therefore con-
clude that within the framework of the CBM model,
mainly the height of the barrier (which "opens" and
"closes" the channel for RN) determines where and how
many electrons are captured, whereas other parameters
like the current density of captured electrons or the to-
pology of the potential surface do not seem to restrict
RN, once over-the-barrier capture has become possible.
Variation of the assumed AI rates, however, will change
not only the number of emitted Auger electrons, but also
the number of electrons subject to both SS+IS promo-
tion and peeling off, because both mechanisms depend on
the distribution of electrons over the different projectile
shells, i.e., how far the AI cascade has already pro-
gressed.

Of course the projectile's evolution predicted by the
calculations is much more detailed than can (or probably
ever will) be deduced from the experimental information
and the scenario presented is neither unique nor com-
plete. For example, emission of slow electrons due to
subsurface processes has been neglected completely but
might play a non-negligible role. Since the calculated re-
sults agree in velocity dependence as well as charge-state

dependence and (within certain limits) even in absolute
magnitude with our experiment, we believe that our
scenario is a rather reasonable one, although refinements
might be necessary in the light of future experience.

V. CONCLUSIONS

An innovative technique of measuring electron-
emission statistics, combined with production of rather
slow MCI by means of a recoil-ion source, has been ap-
plied to determine rather precise total electron yields for
very low Auxes of highly charged projectiles. This
method seems to be almost ideally suited to study elec-
tron emission from ions in higher charge states impinging
perpendicularly on a metal surface with rather low kinet-
ic energy. In this way the slow electrons, which consti-
tute the overwhelming part of all electrons emitted, can
be detected almost completely.

We applied a classical over-the-barrier model to de-
scribe the dynamics of neutralization, deexcitation, and
electron emission during the MCI approach toward a
clean gold surface. Despite some crude simplification in-
herent in this model, comparison with the experimental
data is rather successful and thus permits quite realistic
estimates for the involved time scales and relative
efficiencies of electron emitting processes. Furthermore,
our simulations suggest the processes of IS+SS promo-
tion and peeling off to be responsible for those slow elec-
trons that are emitted almost independent of the
projectile's velocity, as they cannot result from
autoionization-cascades during the projectile s approach
toward the surface.
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