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Abstract. The energy loss of hydrogen atoms with energies of 400 eV and 1 keV is studied in coincidence
with the number of emitted electrons during grazing scattering from atomically clean and flat KI(001)
and LiF(001) surfaces. The energy loss spectra for specific numbers of emitted electrons are analyzed in
terms of a binary interaction model based on the formation of transient negative ions via local capture
of valence band electrons from anion sites. Based on computer simulations we derive for this interaction
scenario probabilities for the production of surface excitons, for electron loss to the conduction band of
KI, for emission of electrons, and for formation of negative hydrogen ions. The pronounced differences of
data obtained for the two surfaces are attributed to the different electronic structures of KI and LiF.

PACS. 79.20.Rf Atomic, molecular, and ion beam impact and interactions with surfaces – 79.60.Bm Clean
metal, semiconductor, and insulator surfaces

1 Introduction

It is known for a long time that electron emission is very
efficient for impact of atomic particles on insulator sur-
faces [1]. As prominent example, we mention total electron
yields observed for ionic crystals which in general clearly
exceed those for metal targets [2,3]. Since occupied elec-
tronic levels in ionic crystals have higher binding ener-
gies (typically 10 eV) compared to the work function of a
clean metal target (about 4 to 5 eV), this finding is at first
glance surprising. In an early interpretation, this feature
was partly explained by larger electron transport length
within the bulk of insulators owing to the wide electronic
band gap of these materials. In recent years, detailed in-
vestigations on the scattering of fast atoms and ions from
alkali halide and oxide surfaces have been performed by a
number of groups and revealed new details on the inter-
action mechanisms [4–8]. In summarizing those studies, it
turns out that for projectiles with velocities below 1 a.u.
(1 a.u. = v0 = Bohr velocity) the formation of negative
ions plays a key role for the interaction of atomic parti-
cles with ionic crystals. Evidence for this mechanism was
first obtained from the observation of large fractions of
negative ions in the scattered beams which can amount
in specific cases close to 100 percent [6,7]. This effect was
attributed to a local capture of electrons from anion sites
which form the flat valence band of the crystal. The con-
fluence of levels during this process is mediated by the
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Madelung potential for a site active in charge transfer
acting on the affinity level of the negatively charged pro-
jectile ion [9,10]. Then the energy defect in those binary
collisions is substantially reduced resulting in considerable
probabilities for electron transfer and for the formation of
negative ions. By recording the projectile energy loss in
coincidence with electrons emitted during grazing scatter-
ing of 600 eV protons from a LiF(001) surface, Roncin and
coworkers [11] identified the population of surface excitons
as important excitation channel. In similar studies using
hydrogen atoms over a wide energy range and measure-
ments of negative ion fractions for the scattered beam, a
detailed analysis was recently performed by us and pro-
vided an effective microscopic description for the complex
interaction scenario [12–14].

For a LiF(001) surface, three steps dominate the elec-
tronic excitation process: (1) formation of a negative ion
via electron capture from a F(2p) lattice ion, (2) popula-
tion of a surface exciton or escape of a negative ion from an
active site, (3) detachment of negative ions under emission
of electrons. This interaction sequence is repeated during
the passage of further lattice sites over complete trajec-
tories. For scattering under a glancing angle Φin of typi-
cally 1◦, the number of effective collisions ncoll amounts to
about 10. For the initial capture event the energy defect
plays an important role, since this quantity determines the
probability for the negative ion formation. This is evident
from experiments on the formation of negative ions using
different alkali halide surfaces, where for targets with lower
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binding energies of valence band electrons Ebind a substan-
tial increase in the negative ion fractions is observed for
elements with higher electron affinity (e.g., O, Cl, or F) [7].
It turns out, however, that for the formation of H− ions the
reduction of Ebind from about 12 eV for F(2p) in LiF(001)
to 8 eV for I(5p) in KI(001) does not lead to the expected
increase for the H− fractions. This was attributed to direct
electron loss to the conduction band owing to the differ-
ent energy of the bottom of the band for KI compared to
LiF. The work presented here was motivated by the issue
to understand this electron loss in more detail. We have
performed experiments with a KI(001) mono-crystalline
surface and recorded all excitation and interaction prod-
ucts during complete grazing scattering events of atomic
hydrogen atoms. From the detection of the energy loss
of scattered projectiles in coincidence with the number
of emitted electrons and measurements of H− fractions,
we are able to quantify contributions from the relevant
electronic excitation channels within the framework of a
probability approach in computer simulations. We reveal
that electron loss to the conduction band plays indeed an
important role for KI(001), whereas this contribution can
be neglected for scattering from LiF(001) [14,15].

2 Model for electronic excitations
during scattering from surfaces of ionic
crystals

In recent years a detailed understanding for the electronic
excitations during grazing scattering from surfaces of ionic
crystals has been achieved. The transient formation of neg-
ative ions and the wide band gap of the target are impor-
tant features of the interaction during the atom-surface
collision. Grazing scattering proceeds in the regime of sur-
face channeling where atomic projectiles are steered in
terms of small angle scattering from the topmost layer
of surface atoms (“surface channeling”) [16,17]. In this
regime of scattering, projectiles are specularly reflected
from the surface on well defined trajectories passing over a
fair number of lattice sites of the crystal. Interactions with
the surface proceed in a sequence of defined charge trans-
fer and excitation events. In Figure 1 we show a sketch of
the interaction mechanisms for the scattering of a hydro-
gen atom from the surface of an ionic crystal. The energy
diagram shown holds for the case of KI. The interaction
cycle starts with electron capture of an electron from an
anion site (here: I−) where the confluence of levels for
the efficient formation of the negative ions is mediated by
the Madelung potential of the adjacent point charge lat-
tice [9,10]. The energy defect ∆E between initial (H◦+I−)
and final (H−+I◦) potential curves determines the proba-
bility for an electronic transition Pbin. In previous studies
with LiF(001) we have shown that this probability can be
approximated by the Demkov approach [18,19]

Pbin =
1
2

sech2

(
πα∆E

2v

)
(1)

Fig. 1. Sketch of potential energy curves for illustration of
interaction mechanisms during grazing scattering of hydrogen
atoms from KI surface (for details see text).

with α being the decay length of the coupling and v the
projectile velocity. Pbin increases for smaller energy defects
∆E and increasing velocity. Since the minimum of binding
energies for valence electrons of KI (8 eV) is clearly smaller
than for LiF (12 eV), we expect substantially higher Pbin

for interactions with KI surfaces compared to LiF (see
below). During escape from the active site after charge
transfer, the shifted H− level will cross the surface exci-
ton level, a localized electron-hole pair excitation of the
anion. The chance for population of an exciton (1− PLZ)
can be derived from Landau-Zener theory [19] from the
probability PLZ for staying on the (H− + I◦) potential
curve during crossing with (H◦ +I−∗). After survival from
this crossing of potential energy curves, an H− ion can lose
its electron to unoccupied states of the conduction band
via a resonant electron tunneling process.

It is important here that the conduction band of KI
begins closely above the exciton level at about 2 eV below
vacuum energies, whereas for LiF the band gap of 14 eV
extends to about 2 eV above vacuum. Whereas for the
analysis of the interaction scenario for LiF electron loss to
the conduction band turns out to play a minor role, we will
show below that the data obtained for the KI(001) surface
can only be understood by taking into account a consid-
erable probability PCB for transitions from the H− level
to unoccupied states of the valence band of KI. Fractions
of H− ions which have survived electron loss to exciton
and conduction band states may detach with probability
Pdet during interactions at adjacent lattice sites. Negative
ions which have overcome detachment will affect the in-
teraction sequence in a specific manner (see also reaction
scheme in Fig. 2) and will lead in the final part of the
scattering event to H− ions found in the scattered beam.

In Figure 2 we display a schematic diagram for the in-
teraction sequence starting with an incident neutral atom
which undergoes with probability Pbin a transition to form
a H− ion. With probability (1 − Pbin) no charge trans-
fer takes place, and the next chance for electron capture
will occur during passage of the following anion site. Dur-
ing escape from the site active in electron transfer, the
transient negative ion state has a probability PLZ to sur-
vive the crossing with the exciton level. With probability
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Fig. 2. Reaction scheme for illustration of interaction mech-
anisms during grazing scattering of hydrogen atoms from KI
surface (for details see text).

(1−PLZ) a surface exciton is produced, and the projectile
continues the scattering process as neutral atom. Electron
loss to the conduction band with probability PCB will re-
sult in a detachment of the H− ion.

In addition, other mechanisms of ion detachment (col-
lisions with adjacent lattice atoms, resonant coherent ion-
ization owing to the periodic potential of the point charge
lattice of the crystal, etc. [6–8,20] with an overall probabil-
ity Pdet may occur. The separation of these two different
processes for detachment is chosen here, since their out-
come has a substantial effect on electron emission. Elec-
trons excited to the conduction band with probability PCB

will not contribute to electron emission. In the final part
of the interaction sequence H− ions have a probability
Psurv = (1−PCB) (1−Pdet) to survive from detachment.
We note that those fractions of surviving H− ions can not
undergo electron capture or populate surface excitons and
are “trapped” in the detachment circle during collisions
with further lattice atoms with probability Psurv.

In our work on scattering of atoms from LiF(001) we
have initially described the data in terms of an analysis
based on concepts of binomial statistics. The complex in-
teraction scenario as sketched in Figures 1 and 2 indicates,
however, that it is hardly possible to model the sequence
of collisions in a closed analytical form. We therefore ana-
lyzed our data in terms of Monte-Carlo simulations where
the collision sequence is followed over complete trajecto-
ries. For a modelling of the complete scattering event, all
probabilities in the reaction scheme have to be known as
function of distance from lattice sites and projectile ve-
locity. This implies calculations of the relevant potential
curves which are not available at present. We therefore
perform an effective description of the atom-surface colli-
sions. A mean interaction length, i.e. an effective number
of collisions ncoll enters the computer simulations, where
probabilities Pbin, PLZ , PCB, and Pdet are free parame-
ters. It turns out that the experimentally observed elec-
tronic excitation channels as well as the final H− fractions
can be reproduced fairly well by a reasonable choice of
parameters.

3 Experiment and results

The experiments were performed in an UHV scattering
chamber at a base pressure of 3 × 10−11 mbar. A well

collimated beam of protons with energies of 400 eV and
1 keV is chopped by a pair of electric field plates with
a voltage of some 10 V and rise times of some ns and is
thereafter neutralized in a gas target operated with Kr
gas. The neutral atoms are scattered under grazing an-
gles of incidence Φin between about 1◦ and 2◦ from the
clean and flat LiF(001) and KI(001) surface. The tar-
get surface is prepared by cycles of grazing sputtering
with 25 keV Ar+ ions and subsequent annealing at about
270 ◦C. During the experiments the target is kept on a
temperature of about 100 ◦C, in order to avoid effects
of macroscopic charging of the target on low energy elec-
trons. The motion of projectiles parallel to the surface
proceeds with energy E‖ = E cos2(Φin) ≈ E, the normal
motion with Ez = E sin2(Φin). Trajectory lengths scale as
s = z/ sin(Φin) ≈ vzt/Φin ∼ 1/Φin for a constant normal
velocity vz = v sin(Φin) [17]. Specularly reflected projec-
tiles are detected 1.28 m behind the target by means of
a channelplate detector which provides the “start” sig-
nal for our time-of-flight (TOF) setup. The overall time
resolution in our experiments is typically 1 to 2 ns and
is determined by the chopping of the incident ion beam
and the stability of the electronic delay for the chopper
signal. For the projectile beam the full width at half max-
imum (FWHM) of the TOF spectra is 8.6 ns (400 eV)
and 7.5 ns (1 keV) which is equivalent to an energy reso-
lution of 2.2 eV at a projectile energy of 400 eV and 4.4 eV
at 1 keV. TOF spectra are recorded in coincidence with
the pulse height of a surface barrier detector (SBD, pulse
height ∼ number of emitted electrons) biased at a voltage
of 25 keV [21]. A highly transparent grid of about 98 per-
cent transmission on a voltage of some 10 eV is used to
collect emitted electrons. This method of detection allows
us to obtain information on the relevant elastic and in-
elastic interaction events (for details see Ref. [14]). TOF
events coincident with the noise signal of the SBD are
attributed to processes without emission of an electron.
With a pair of electric field plates behind the target and a
second channeltron detector we analyzed the charge frac-
tions of the scattered beam and obtained the fractions of
H− ions nmin.

As example for the coincident detection of TOF and
electron emission events, we have plotted in Figure 3
a 2D-spectrum (time of flight vs. SBD pulse height)
recorded during scattering of 400 eV hydrogen atoms from
a KI(001) surface under Φin = 1.8◦. Similar as in previ-
ous work with a LiF target [11–14] a number of discrete
peaks can be identified in the spectrum. It is straightfor-
ward to ascribe the peak with very small energy loss and
related to events without electron emission to elastically
scattered projectiles (peak in lower left corner of plot in
Fig. 3). The transfer of projectile energy to the crystal
in terms of elastic binary collisions with lattice atoms is
negligibly small for our scattering conditions [22]. The fur-
ther peaks observed without electron emission stem from
excitations of surface excitons [11]. The peaks found for
higher pulse heights of the SBD are related to the emis-
sion of one electron and additional populations of surface
excitons.
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Fig. 3. (Color online) TOF – SBD pulse height representa-
tion of coincident data for scattering of 400 eV H◦ atoms from
KI(001) under Φin = 1.8◦. 2D-plot shows raw data. Left col-
umn from bottom to top: events related to emission of no elec-
tron (elastic scattering, production of one, two, etc. excitons),
next column from bottom to top: events related to emission
of one electron without and with production of one, two, etc.
excitons.

For a more detailed analysis, we select events with SBD
pulse heights equivalent to the noise of the detector (no
electron emission) and project the data onto the TOF axis.
After transformation to an energy scale we obtain the en-
ergy loss spectrum displayed in Figure 4. The solid curve
is a best fit to a number of discrete peaks with Gaus-
sian line shapes of constant FWHM of 3.5 eV. Similar
as for scattering of H atoms from LiF we observe promi-
nent peaks which are ascribed to elastic scattering (energy
loss ≈ 0 eV) and population of discrete numbers of sur-
face excitons. The excitation energies obtained from the
fit are multiples of 6.8 eV; this is clearly less than 12 eV
observed for LiF [7,11–14].

A closer inspection of the spectrum, however, indi-
cates that additional components are present. The dashed
curves in Figure 4 represent additional peaks with the
same line width which lead to a perfect reproduction of
the measured spectrum. These additional structures can
consistently be understood by electron loss of H− ions to
the conduction band of KI. The small peak at an energy
loss of 9.5 eV is attributed to loss of one electron, the more
prominent peak at 16.3 eV (6.8 eV + 9.5 eV) to produc-
tion of one exciton and loss of one electron, and at 19.0 eV
we find an indication for loss of two electrons to the con-
duction band. The peak at 23.1 eV (13.6 eV + 9.5 eV)
stems from the production of two excitons and loss of one
electron.

The time and energy resolution of our setup does not
allow us to perform studies with higher resolution on these
peak structures. However, the values for the discrete en-
ergy losses are fairly consistent with the established elec-
tronic structure of KI. From the excitation energy of the

Fig. 4. Energy loss spectrum coincident with emission of no
electron for scattering of 400 eV H◦ atoms from KI(001) under
Φin = 1.8◦. Full circles: experiment, solid curves: fit to data
with Gaussian line shape. Thin solid curves: elastically scat-
tered projectiles and production of surface excitons; dashed
curves: electron loss to conduction band.

Fig. 5. Same as Figure 4, but spectrum coincident with emis-
sion of one electron.

surface exciton (5.9 eV) [23] we conclude that the major-
ity of electrons is excited from about 1 eV below the top of
the valence band. This is also consistent with the binding
energy of 8.2 eV [24] for the top of the valence band, since
the emission of electrons and the excitation to the conduc-
tion band is observed at energies slightly above 9 eV. At
higher projectile energies, the energy resolution gradually
decreases and does not allow us to resolve peak structures
in the energy loss spectra (see spectra for projectile energy
of 1 keV shown in Fig. 8).

In Figure 5 we display from the data in Figure 3 the
energy loss spectrum for the emission of one electron. The
peak at an energy loss of 9.3 eV is attributed to the exci-
tation of a valence band electron to vacuum energies and
subsequent emission via detachment of the negative ion.
We note that this energy loss is slightly less than 9.5 eV as
observed for the electron loss to the conduction band. The
subsequent peaks in the spectrum can be ascribed, sim-
ilar as for the emission of no electron, to the additional
production of surface excitons and excitation to the con-
duction band. With a slightly larger FWHM of 4.2 eV we
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Fig. 6. Bar graphs for energy loss channels during scattering
of 400 eV H◦ atoms from KI(001) surface under Φin = 1.8◦, or-
dered as measured energy loss peaks shown in Figures 4 and 5.
Left panel: no electron emitted, right panel: one electron emit-
ted. Full bars: experiment, open and hatched (production of
excitons) bars: results from simulation.

can fit the data of this spectrum fairly well. Note that
also here contributions of electron loss to the conduction
band have to be incorporated in order to reproduce the
spectrum.

From the spectra shown in Figures 4 and 5 we obtain
the contributions of the relevant interaction channels and
plot in Figure 6 their probabilities normalized to an arbi-
trarily chosen number of events. The left panel contains
events without emission of an electron, the right panel
events related to the emission of one electron (note that
the scale of the right panel is enlarged by a factor of 5).
The full bars are results from the experiment, the open and
hatched bars represent results from our simulations where
hatched bars indicate additional excitations of excitons
only. Based on trajectory calculations and the lattice con-
stant of the KI crystal (a = 13.2 a.u.) we have chosen an
effective number of collisions ncoll = 12. Reasonable agree-
ment with the distribution of reaction products shown
in Figure 6 is achieved with Pbin = 0.16, PLZ = 0.22,
PCB = 0.3, Pdet = 0.3.

In view of our effective approach we consider these pa-
rameters as first estimates for the relevant interaction pa-
rameters. A more detailed analysis can only be performed
in terms of theoretical treatments where the pronounced
dependences of the relevant parameters on the distance
from the surface is taken into account over the full trajec-
tory. We note that the parameters given reproduce the ex-
perimental total electron yield γ = 0.170 and the H− frac-
tions in the scattered beam of about 4 percent. From our
simulations we find that Pelast = 7.8 percent of the projec-
tiles are elastically scattered and that Pel = 9.5 percent of
the electronic excitations end up in the emission of an elec-
tron. The majority of excitation goes with Pex = 73 per-
cent into the excitonic branch, whereas electron loss to the
conduction band is only PCB = 10 percent. These small
contributions, however, have to be taken into account in
order to reproduce details of the energy loss spectra (cf.
Figs. 4 and 5).

Fig. 7. Energy loss spectrum coincident with emission of no
electron for scattering of 400 eV H◦ atoms from LiF(001) sur-
face under Φin = 1.8◦.

The majority of studies on grazing scattering
from alkali halide surfaces were performed with
LiF(001) [6–8,11–15]. For LiF crystals, valence band elec-
trons have binding energies Ebind > 12 eV which is about
4 eV larger than for KI(001). As already worked out in
detailed studies on the formation of negative ions [7], the
energy gap and the resulting Pbin are clearly larger for LiF
compared to KCl or KI. This feature is demonstrated in
Figure 7 by an energy loss spectrum for scattering from a
LiF(001) surface under otherwise same conditions (400 eV
H◦, Φin = 1.8◦). We reveal that almost the complete
beam is scattered elastically from the LiF surface without
electronic excitation or electron emission. The probabil-
ity for production of a surface exciton is only 2 percent,
and the total electron yield amounts to γ = 3 × 10−3.
Therefore the probability for capture of a valence band
electron is Pbin ≈ 0.0025, almost two orders of magnitude
smaller than for KI. The data are reproduced assuming
ncoll ≈ 10 collisions, PLZ = 0.2, and Pdet = 0.25 (see also
former work on this topic [7,11–15]). The slightly smaller
ncoll for scattering from LiF(001) compared to KI(001)
is attributed to the stronger planar potential for scatter-
ing of hydrogen atoms from these surfaces. It is interest-
ing to note here that, irrespective of the vast difference
in the probabilities for electron capture, the H− fractions
are almost comparable for scattering from the two sur-
faces (nmin ≈ 1.5 × 10−3 for LiF, nmin ≈ 4 × 10−3 for
KI). We ascribe this feature primarily to the additional
detachment of H− ions via electron loss to the conduction
band (cf. Figs. 1 and 2).

The primary capture process is characterized by an en-
ergy defect ∆E in the collision which is evident from the
expression for Pbin in equation (1). As has been demon-
strated in previous studies with LiF [12–15], Pbin shows a
pronounced increase with projectile velocity (energy). It is
therefore of interest to investigate how for KI the outcome
of scattering for enhanced Pbin is affected by electron loss
to the conduction band. In Figure 8 we show for 1 keV H◦
projectiles energy loss spectra coincident with the emis-
sion of no electron (open circles), one electron (full circles),
and three electrons (open squares). The angle of incidence
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Fig. 8. Energy loss spectrum coincident with emission of no
electron (open circles), one electron (full circles), three elec-
trons (open squares) for scattering of 1 keV H◦ atoms from
KI(001) under Φin = 1.15◦. Solid (one electron), dashed (no
electron), dashed dotted (three electrons) curves: result of sim-
ulations. Dotted curves: simulation under neglect of electron
loss to conduction band (PCB = 0).

is chosen to Φin = 1.15◦ in order to match closely the same
energy for the motion normal to the surface Ez ≈ 0.5 eV
as for the 400 eV H◦ atoms. Then the distance of clos-
est approach of trajectories to the surface plane are the
same in both cases, and effective trajectory lengths scale
as 1/Φin. The substantial energy loss of typically 50 eV
and a total electron yield γ = 1.7 are clear signatures
for an enhanced capture probability Pbin. This is also the
conclusion from our analysis, however, the details of the
interaction sequence are more intricate.

The curves in Figure 8 show results from our simula-
tions with the interaction scheme outlined above. Striking
feature of this work is the finding that the spectra can
only be reproduced, if the electron loss to the conduc-
tion band is taken into account. This is demonstrated by
the dotted curve in the figure which represents the energy
loss spectrum (one electron emitted) for an evaluation as
performed in previous work with LiF, i.e. neglect of elec-
tron loss to the conduction band. We note that for this
case the electron number distribution and the experimen-
tal total electron yield are well described by Pbin = 0.3 and
PLZ = 0.4, but the calculated energy loss spectrum (dot-
ted curve) is in disagreement with the experiment. From
this result it is evident that electron loss to the conduction
band has to be taken into account for the description of
the electronic excitation processes.

A direct consequence of a nonzero PCB is a larger Pbin

in order to compensate the electron loss for the electron
emission channel. Fair agreement between simulated and
experimental energy loss spectra is obtained by enhanc-
ing the probability for initial capture to Pbin = 0.42 and
for electron loss to PCB = 0.4. For ncoll = 20 we have
furthermore PLZ = 0.39 and Pdet = 0.7. The full circles
in Figure 8 represent the energy loss spectrum coincident
with the emission of one electron which is well reproduced
by the set of parameters chosen (solid curve). Note that

Fig. 9. Energy loss spectrum coincident with emission of no
(open circles) and one (full circles) electron for scattering of
1 keV H◦ atoms from LiF(001) under Φin = 1.3◦. Solid and
dashed curves: fit to data with Gaussian line shape.

all spectra are plotted with respect to the same scale,
i.e. events with emission of one electron are most abun-
dant. The total electron yield is γ = 1.7. The open circles
and open squares are data coincident with the emission of
no electron and three electrons, respectively. Both spec-
tra are also well reproduced within the same simulation
(dashed curve for spectrum coincident with no electron
emitted, dashed dotted curve with emission of three elec-
trons). In our simulations we derive a negative ion fraction
nmin = 3.5 percent and γ = 1.6 which is in good agree-
ment with the experimental values nmin = 4.5 percent [25]
and γ = 1.7. Furthermore we reveal from our calculations
that only a negligible fraction of 2.6 × 10−5 undergoes
elastic scattering. 42 percent of all events lead to popu-
lation of surface excitons, 26 percent to excitation to the
conduction band, and 32 percent to electron emission.

The electronic structure of LiF(001) shows a minimum
binding energy for F(2p) electrons of about Ebind ≈ 12 eV
and a band gap of Eg ≈ 14 eV which extends about 2 eV
into vacuum energy [24]. Therefore the energy defect in
the primary collision is larger and Pbin is expected to be
smaller compared to KI. Furthermore, previous studies
have shown that, owing to the position of the conduction
band, electron loss to this band seems to play a minor role
for scattering from LiF.

In Figure 9 we display energy loss spectra for the scat-
tering of 1 keV H◦ atoms from LiF(001) under Φin = 1.3◦.
The dominance of the peak for elastically scattered pro-
jectiles indicates that the capture probability Pbin has to
be clearly smaller than for scattering from KI (cf. Fig. 8).
The spectra shown in Figure 9 can be described by the
parameters ncoll = 10 collisions, Pbin = 0.045, PLZ = 0.3,
and Pdet = 0.4. With these numbers we derive a nega-
tive ion fraction nmin = 0.02 and a total electron yield
γ = 0.12 which compare well with the experiment. For
the interaction scenario (neglect of electron loss to the
conduction band, i.e. PCB = 0) we reveal that 60 per-
cent of all scattering events proceed elastically, whereas
29 percent end up in production of surface excitons and
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11 percent in the emission of an electron. These exam-
ples show that electronic excitation and electron emission
during scattering of H◦ atoms from KI and LiF surfaces
are clearly different. In view of this fact, it is interesting
to note that the H− fractions of the scattered beams are
about the same for a projectile energy of 1 keV, whereas
the electron yields differ by a factor of about 10. Based on
our simulations we explain this finding by the important
role of the conduction band of KI for additional electron
loss in the collision sequence.

4 Conclusions

We have presented detailed studies on electronic emission
and excitation phenomena for grazing impact of neutral
hydrogen atoms with energies of 400 eV and 1 keV on
a KI(001) and LiF(001) surface. From measurements of
fractions of emitted electrons, population of surface exci-
tons and conduction band states as well as negative ion
fractions we describe the experimental data by an inter-
action model where in a sequence of binary collisions the
formation of transient negative ions is the key feature.
Comparison of the results for scattering from the two dif-
ferent surfaces reveals that the different electronic struc-
tures of the two materials have a pronounced effect on
the electronic interactions during the collisions in front of
the topmost layer of the surface plane. The lower binding
energies of valence band electrons for KI result in substan-
tially higher probabilities for electronic excitations. On the
other hand, the electronic structure of KI leads compared
to LiF to an additional channel for electron loss, resonant
transfer of electrons from the negative ions to the conduc-
tion band. This partly compensates the enhanced initial
capture probabilities concerning the total electron emis-
sion yields and the formation (survival) of negative ions.
Our analysis of data in terms of an effective description
may lead to a quantitative understanding of the interac-
tions of atoms in front of insulator surfaces. We hope that
our work will stimulate theoretical studies on the collision
dynamics based on potential energy diagrams for these
interesting systems.
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