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We have measured the impact-parameter dependence P(b) of Ne K-Auger- and 6-electron pro-
duction for 0.23- and 0.13-MeV/u F'+ + Ne collisions. For the higher energy an improved agree-
ment with multiple-state atomic expansion theory has been found compared to previous data. A
strong damping in the oscillatory structure of the P (b) which appears at the smaller collision ener-

gy shows a significant discrepancy, of experiment and theory. For 5-electron production it is

shown that dominant contributions arise from very distant collisions greater than or equal to 0.4
a.u.

I. INTRODUCTION

The qualitative understanding of the K-K charge-
transfer process in heavy-collision systems has seen some
impressive progress since the first data on K-electron cap-
ture' exhibited large discrepancies of experimental results
with the only theory then available on total cross sec-
tions. The ab initio calculations by Fritsch and Lin have
shown very good agreement with a large body of data on
total cross sections as well —a far more sensitive test —as
with some impact-parameter (b) -dependent studies of the
K-K charge transfer.

For the single K-K charge transfer in F + + Ne, agree-
ment of theory and experiment at 0.53 MeV/u is very
good in both absolute probabilities and the location in b of
extrema and turning points. At 0.23 MeV/u there is a
discrepancy between the position of the minimum which
was experimentally found at b =0.21 a.u. and that found
by theory at b =0.18 a.u. Also, at larger impact parame-
ters the second maximum in the experiment was found to
be damped compared to the theoretical prediction. Simi-
larly, for S' + + Ar, the agreement of theory and experi-
ment at the lowest collision energies is only marginal and

no indication of a reason for this to be so is evident. For
this reason it was considered important to systematically
extend the data set for the F + + Ne collision system to
lower collision velocities where an expected richer struc-
ture in the impact-parameter dependence of the K-K
charge-transfer probability P(b) should allow a deter-
mination of more extrema and turning points in the P(b)
distribution. We thus measured the impact-parameter
dependence of target K Auger and continuous energy
electron probability for 0.23- and 0.13-MeV/u F + pro-
jectiles and derived from these data K-K charge-transfer
probabilities.

II. EXPERIMENTAL PROCEDURE

A tandem Van de GraafF accelerator in its normal
mode of operation will prouce high-quality beams for
ions in charge states close to the equilibrium charge
state q attained by standard foil or gas stripping of ions
at the accelerator terminal. However, at a given veloci-
ty the fraction of projectiles in charge states far above q
falls rapidly below useful levels. For example, in our ex-
periment investigating K-K charge transfer for bare F +
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cidences of electrons with particles at angles 0;+60;
(that is, ring number i) to all particles scattered into the
angles 8;+b,8; (slit-scatter corrections taken into ac-
count). The conversion of scattering angles into impact
parameters was done using a screened Coulomb poten-
tial with a previously experimentally determined screen-
ing radius a =0.52 a.u. Absolute probabilities were de-
rived from normalizing the relative experimental P(b)
distribution for 0.23-MeV/u F + which was measured
with the same setup as for 0.13 MeV/u to achieve an op-
timum overlap with previously measured data and using
the normalizing factor derived from this case then for
the 0.13-MeV/u data as well. Details are discussed in
Sec. V.

III. RESULTS AND DISCUSSION

A. Noncoincident electron spectra for 0.23 MeV/u
and 0.13 MeV/u

Figure 2 shows the electron-emission spectrum for
0.23-MeV/u F + + Ne between 605 and 880 eV recorded
at 90 observation angle with respect to the beam axis.
All electrons in the region covered are expected to be
originally bound to the target. Trautmann' has shown
that the probability for (target or projectile) K-electron
ionization into the continuum is negligible. The Ne K
Auger spectrum is clearly separable from the smooth ex-
ponentially shaped background of the continuum-electron
spectrum resulting from target L-electron ionization into
the continuum. For the Ne K Auger spectrum two
groups identified as KLL and KLM Auger transitions are
associated with the generation of a Ne K vacancy through
2pm. -2po. rotational coupling or K-K charge transfer into
the projectile K shell and subsequent Auger decay. The
significant intensity of the KLM group points to strong
simultaneous electron excitation processes during col-
lisions where a Ne K electron is transferred to the projec-
tile. "

At lower collision energies the situation changes
dramatically. Figure 3 shows the electron-emission spec-
trum under the same conditions as above, but now at 0.13
MeV/u. The relative intensities of continuous and
discrete parts of the spectra are more or less reversed.
The Ne KLL Auger group is just visible as a shoulder in
the continuous part of the spectrum and in the noncoin-
cident spectra it is almost impossible to separate the KLM
group from the background. As the analysis of the coin-
cident spectra in the next paragraph shows, this is not so
much due to the decrease of the K Auger production
cross section (originating from a smaller EC Kcharge--
transfer probability) but due to an increase in the proba-
bility for continuous electron emission perpendicular to
the beam direction.

B. Coincident Ne EC Auger spectra

The noncoincident spectra contain all electrons emitted
into the solid angle covered by the electron spectrometer
which fall into the indicated electron energy range, re-
gardless of the scattering angle of the incident projectile
which excited the electron into the continuum. Requiring
a coincidence between electrons and scattered projectiles
will yield for every impact-parameter interval b+Ab two
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electron spectra coincident with projectiles scattered into
b+Ab: one for the "real" coincidences, and one for the
"random" coincidences; the true events are then derived
by an appropriate subtraction of random from real coin-
cidences.

Figure 4 shows two time-coincident electron spectra be-
tween 590 and 880 eV for 0.13-MeV/u F + + Ne for im-
pact parameters 0.05 —0.3 a.u. and 0.3 —0.6 a.u. respec-
tively, ' that is, ranges of impact parameter smaller and
larger than three times the Ne K-shell radius. The sum-
mation of coincident spectra into two groups has been
done here only to illustrate some of their interesting struc-
tures. For the calculation of Ne K Auger-production
probabilities, the electron spectrum coincident with each
ring of the 16-ring PPAD was evaluated individually.

Turning our attention now to the two electron spectra,
it is directly seen that the Ne KLL Auger group dom-
inates the spectra in both ranges. For impact parameters
smaller than 3' the Ne K Auger spectrum is much more
intense than the continuous electron background and evep
the KLM group can be clearly resolved from the 6-
electron background. We emphasize that the intensity ra-
tio I(KLM)/I(KLL) is clearly smaller than that found
for higher collision velocities iridicating that the relative
probability of exciting Ne L electrons into the M shell is
significantly smaller at this velocity Up j/Ul 0 12 The
centroid of the energy of the KLL line group is shifted 20
eV to higher energies compared to the spectra taken at
0.23 MeV/u whereas the KLM group shows no shift.
This is consistent' with an average charge state of 4+
before the K Auger decay for a configuration

~

ls'2l ) or
~

ls '2l 31' ) . This clearly indicates a degree of average
outer-shell ionization simultaneous with a K-vacancy-
creating event which is low by about Aq =3 compared to
the case of 0.53 MeV/u, where coincidences with the final
charge state of the electron-emitting ion were measured
and used to determine electron configurations of Ne ions
after excitation during K-K charge transfer. Thus the
high average Auger yield' for present configurations of
=0.95 reduces the uncertainty of converting Ne K Auger
production probabilities to K-K charge-transfer probabili-
ties.

For impact parameters larger than 3' the centroid of
the KLL group is (after the corrections for the steep slope
of the underlying 5e spectrum) the same as for the
smaller impact parameters. For the KLM group the coin-
cidence of both centroid energies is directly recognizable.

A remarkable feature of the two electron spectra will be
noticed only if one recalls what is known so far about the
dynamics of 6-electron production and K-K charge
transfer. At 0.53 MeV/u a systematic investigation of the
impact-parameter dependence of 5-electron production
had shown that the impact-parameter dependence of 5-
electron production displayed a clear maximum at 0.15
a.u. , for 6-electron energies between 200 and 1600 eV and
emission angles between 45' and 135', in good agreement
with the semiclassical approximation (SCA) calculations
of Trautmann and co-workers. ' ' This maximum lies
well inside the range of impact parameters of dominant
contribution to the K-K charge-transfer channel.

Even before a quantitative statement about the K-K
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Sec. III E. The substantial corrections in the calculation
of the E Auger group intensities due to the presence of
the strong 5-electron intensity were taken into account
by fitting an exponential background through the regions
below and above the K Auger line groups and subtract-
ing background intensities underneath the Auger groups
using this exponential fit for every ring, i.e., every im-
pact parameter.

C. Relating scattering angles to impact parameters
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In a previous experiment we established that an experi-
mentally screened Coulomb potential

V(R, a) = VR„„hexp( —R /a)

with a screening parameter a =0.52 a.u. will fit the mea-
sured angular distribution of the scattered projectiles for
the case of 0.23-MeV/u F + + Ne.

In Fig. 5 we compare the measured angular distribution
of noncoincident scattered particles and that of random-
coincident scattered particles with two calculated distribu-
tion functions, one for the unscreened Coulomb potential
which follows proportional to 9 (a constant b,r/r for all
detector rings introduces a factor 0 into the pure Ruther-
ford scattering rate which is proportional to 0, therefore
the particle yield should be proportional to b ) and one
for the screened potential following b„. The significant
deviation from the Rutherford potential for scattering an-
gles smaller than 3 mrad is clearly visible in the graph.
For illustrative reasons the unweighted angular distribu-
tion for a pure Rutherford potential following 0 is in-
cluded. The fIuctuation of experimental data points
around the b„ function is due to small imprecisions in the
discriminator threshold settings of the PPAD.

For 0.13-MeV/u F + impact, the large range of scatter-
ing angles over which a significant coincidence rate was
detected could not be covered with the PPAD at one dis-
tance from the interaction zone only (Fig. 6). Data were
taken at two different distances from the target to cover
small and large scattering angles, i.e., distant and close
impact parameters. Again the angular distribution for
noncoincident "singles" scattered particles and random
scattered particles are compared with b„(9) and good
agreement is seen for a screening radius of a =0.52 a.u.
The experimental data points showing large deviations
from the continuous b„ functions at 1 mrad and at =3
mrad are again rings where the discriminator settings
were incorrect. At both detector distances (called "long
pipe" and "short pipe,

" respectively) the same rings
display this behavior.

D. Impact-parameter dependence of K-E charge transfer

0.23-Me V/u collision energy

In Fig. 7 we compare the present data on Ne E Auger
productions probabilities for the 0.23-MeV/u projectile
with our previous data and two-state atomic expansion
theory (TSAE) and multistate theories by Lin and co-
workers. ' ' Our present results are in general in good
agreement with our previous measurement. However,
after normalizing the present relative P (b) distribution to
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FIG. 7. Impact-parameter dependence for E-E charge
transfer for 0.23-MeV/u F + incident on Ne. The dashed line
represents the TSAE calculation and the solid line the AO+ 6
calculations of Lin (see text).

yield a maximum overlap with previous absolute probabil-
ities, we find some significant systematic differences be-
tween the two sets of data: slightly larger probabilities for
very large impact parameters and smaller probabilities for
small impact parameters. We believe that the larger prob-
abilities found in the present experiment for large impact
parameters are due to an improved experimental method.
In the previous run the pass energy which was selected for
the electron spectrometer was the peak of the ELI. Auger
group and due to a low beam intensity we did not scan the
whole spectrum. Another reason for doing this had been
that at 0.53 MeV/u the scanned coincident Ne K Auger
spectra did not show any impact-parameter dependence.

In the present experiment the decelerated H-like beam
of 0.23-MeV/u F + from the Brookhaven Double Em-
peror delivered enough intensity to the target to permit a
scan of the electron-energy spectrum between 590 and 880
eV thus covering the Ne E Auger spectrum and the adja-
cent parts of the 5-electron continuum. It appears now
that the intensity ratio I(KLM)/I(KLL) strongly varies
with the impact parameter and takes values between 0.40,
at large impact parameters, and 0.15, at small impact pa-
rameters. The M shell of Ne being initially unoccupied
the intensity ratio I(KLM)/I(KLL) rejects the decrease
of I, ~M electron-excitation probability with smaller im-
pact parameters. If the number of electrons in the L, shell
were known at all impact parameters, the impact-
parameter dependence for the absolute L ~M excitation
probability PL ~(b) could be derived from the measured
intensity ratios. A consequence of the largerI (KLM)/I (KLL ) ratio at very large impact parameters is
that we underestimate the total Ne K Auger production
probability in this collision range when the electron spec-
trometer is set at 700 eV as it was in the previous experi-
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ment. The same argument leads to the slightly smaller
probabilities for impact parameters below 0.2 a.u. due to
the very much smaller I (KLM ) /I (KLL ) ratio. The
present data show now very good agreement with the re-
cent modified atomic orbital (AO+ ) approach by Fritsch
and Lin' for impact parameters larger than 0.25 a.u. and
confirm the appearance of the minimum of P (b) at larger
impact parameters than predicted by the TSAE theory. '

A small discrepancy between experiment and theory at
impact parameters at about 0.2 a.u. persists. One may
speculate that this is due to the non-negligible channels of
rotational coupling to higher states; however, it appears
not to be permitted just to subtract the measured rota-
tional coupling contribution and thus a multichannel
treatment appears to be necessary for b (0.2 a.u.

2. 0.13-Me V/u collision energy
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Figure 8 shows the impact-parameter dependence of Ne
K Auger production for 0.13-MeV/u hydrogenlike F +

impact excitation. A comparison with K Auger produc-
tion for incident projectiles without a K vacancy in the en-
trance channel of the collision was not considered to be
essential since total cross-section measurements' indicat-
ed a further drop in cross section at this energy compared
to the data at 0.23 MeV/u. The data exhibit two clear
maxima at 0.4 and 0.2 a.u. and two minima at 0.28 and
0.13 a.u. It is to be emphasized that at this very low col-
lision velocity a significant K Auger production probabili-
ty on the order of 10% is measured at impact parameters
six times the Ne K-shell radius which is many orders of
magnitude larger than those expected for 2@~-2po- rota-

— tional coupling excitation or direct ionization to the con-
tinuum. A comparison of the integrated tota1 cross sec-
tions is given in Fig. 9.

The statistical significance of the two innermost data
points does not permit the interpretation of the data struc-
ture as the third maximum in the P(b) distribution. On
first principles, however, an extension of data to much
smaller impact parameters b &~ rz appears desirable.

The most advanced theoretical approach, a six-state
atomic orbital expansion by Lin and co-workers, ' '

shows an almost perfect agreement in the position of the
extrema in the P(b) distribution and in fact predicts a
third maximum. somewhat inside of the smallest b data of
the present experiment. A significant discrepancy be-
tween experiment and theory appears in the absolute mag-
nitude of the probability. Whereas for both minima
theoretical charge-transfer probabilities drop to zero,
experimental-transfer probabilities remain quite strong, a
clear damping of the oscillatory structure with a much
smaller experimental than theoretical P,„/P;„which
cannot be due to the experimental resolution of impact
parameters Ab /6 =+5%. This damping may be under-
stood qualitatively in the framework of the perturbed-
stationary-state method as applied to slow nonsymmetric
charge transfer ' which leads to a factorization of the
charge-transfer probability into an oscillating term P (b)
and a damping term D (b) with

FIG. 8. Impact-parameter dependence for K-K charge
transfer for 0.13-MeV/u F'+ incident on Ne.

It can directly be seen that this term will most
significantly contribute at small collision velocities u.

Another contribution to damping which leads to
nonzero probabilities in the minima P =0 of the two-state
model may be due to strong mixing of other channels
with the two active channels. This is quite plausible in
view of the high intensity of 6-electron emission at elec-
tron energies comparable to the Ne K Auger energies. In
the reactions
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F +(ls)+Ne ~I'q+(ls, {n'l'J )+Ne(ls, [nl I )+s'e

Ne( ls, [nl I)+e (IC Auger)

where p is a single passage probability through the cou-
pling region and

f bE(R), dR rrP(u, Ro)—
Ug ~0~ b) (R2 R2)1/2 (5)

and

F +(ls)+Ne~F~+( ls, [n'l'I )+Ne( ls, [nl I)+E"e

(4)

where s"=E(Ne EC Auger), the channels leading to elec-
tron emission are indistinguishable and thus a direct
electron-production amplitude with an only slowly &-

dependent phase must be added to the two charge-
transfer amplitudes thus giving rise to non vanishing
probabilities for impact parameters where the two
charge-transfer amplitudes will destructively or con-
structively interfere. The strength of the possible in-
terference from mixing with channels leading to E ion-
ization can be estimated from ionization probabilities for
incident F + projectiles (see Fig. 7): in the minimum for
E-E charge transfer around b =0.20 a.u. the disagree-
ment between theory and experiment may be due to the
non-negligible ionization probability here.

3. The 1so 2pa energ-y difference

For a general discussion of theoretical approaches to
the problem of quasiresonant K-K charge transfer, the
reader is referred to the literature. In a model of two
active potential curves with a long-range coupling, two
amplitudes from different paths contribute to the transfer
probability; because they are indistinguishable they have
to be added coherently. However, these two amplitudes
accumulate different phases resulting in constructive and
destructive interferences in the impact-parameter depen-
dence of the charge-transfer probability

P=4p(1 —p)sin P,

I

mon procedure of integrating the phase integral numeri-
cally with b,E (R ) derived from Hartree-Fock (HF) calcu-
lations, Schuch et al. used a parametrization of bE(R)
first given by Muller,

Eu —Es z 62 100 fm

2+R 2 Zg +ZB
2

which allows for an exact integration yielding an analyti-
cal expression resulting in

E E (R&
A'vP =p tan

( 2+b 2)1/2
( 2+b 2)1/2

(R 2 b 2)1/2

A best fit to our data is achieved with R, =0.5 a.u. and
E„=3.5 keV, p= 8000 fm and E, =0.08 keV (dash-dotted
line in Fig. 10). The continuous line results from an in-
tegration of Eq. (5) with P=0 using a Hartree-Fock pro-
gram by Piacentini and Salin for the H-like F+ Ne col-
lision system. The resultant energy difference from this
procedure is clearly smaller than b,EHF (see Fig. 11). It
would be very desirable to compare the fit to experimental
data with improved HF energies based on measured
charge distributions on projectile and target.

E. The continuous electron spectrum

The Ne K-Auger-electron spectra which signify a K-E
charge-changing event are superimposed on a 6-electron
continuum. This continuum principally carries the im-
mediate information about the collision system because
the electrons in it are emitted promptly during the col-
lision and not many hundreds to thousands of collision
times later as products of nonradiative rearrangement of
the collision partner.

with R the internuclear distance, Ro ——Ro(b) distance of
closest approach, and the phase factor P is small com-
pared to the first term. ' ' ' b,E (R ) is the energy difference
of the two potential curves. If P takes values of integral
multiples of m. one gets minima for P; for half-integral
multiples of ~ maxima will occur. In the literature ' it
has been established to write P=(n —

—,
' )rr and then label

maxima in the P(b) distribution starting from large im-
pact parameters with increasing integers and the minima
between them with half integers. Following the procedure
by Schuch, one can take the dynamics out of expression
(5) and situ/ plotted versus the b position of the extrema
should form a common curve since the integral in Eq. (5)
depends only on the quasimolecular potential curves.
Plotting Pvh' against the impact parameter b for the three
collision energies for constructive and destructive interfer-
ences, one obtains indeed one common curve (Fig. 10).
From this curve quantitative information on b,E = b,E (R )

can now be derived. Instead of following now the com-

0.7

0.6

F —Ne
Rc

1lvg = hE
b

0.5

0
0 O. I 0.2

b (a.u.J

0.4 0.5

FIG. 10. Comparison of experimental values for the phase in-

tegral Aug as a function of impact parameter b with theoretical
models for the molecular orbital (MO) energies of the two levels.
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FIG. 11. Energy diff'erence for the two active potential energy

curves from HF calculations and model fits to present data

{straight line and dashed curve, respectively).

servation angle and electron energy windows at
(Es ) =630 eV (below Ne KLL), and at (Es ) =790 eV
(between KLL and KLM), and we recall that data taken
at 0.53 MeV/u did not show any discontinuities in either
observation angle or electron energy. For the lower col-
lision velocities, i.e., 0.23 and 0.13 MeV/u collision ener-

gy, a fraction of the fluorine K Auger electrons emitted
after double outer-electron capture (but no simultaneous
K Kcapt-ure) may appear in the electron spectrum at ap-
proximately 630 eV directly below the Ne KLL Auger
lines due to Doppler broadening. Only fluorine Auger
lines from decay of

~

ls2l4l),
~

ls2l5l), and
~

ls216l)
have, however, a sufficiently high rest-frame energy so
that to a small fraction they can be superimposed on the
continuous 5-electron spectrum due to the finite size of
the spectrometer acceptance angle. These excited projec-
tile states must be populated in a collision

lO

025 MeV/u F + = Ne

8 — Electron Production 8 gab = 90
~Ep~ = 650 eV &Es ~ = 790 eV

IO3

104

IO

610
CL

IO

lOS
0

I I I I I I

0.2 0.4 0.6
b { a .u. )

I I I I

0.2 0.4 0.6

b {a.u. )

FIG. 12. Impact-parameter dependence I'{b) for two groups
of 5 electrons adjacent to the Ne K Auger groups for 0.23-
MeV/u projectile energy. Data are compared with SCA calcula-
tions by D. Trautmann and co-workers for K, LI, Lz, and L3
ionization.

In a previous systematic study of triply differential
cross sections for 5-electron emission in 0.53-MeV/u
F + + Ne, it was shown' that independent of electron-
emission angle and electron energy, the impact-parameter
dependence of 5-electron production showed a maximum
at b =0.15 a.u. and an exponential decrease with impact
parameter for impact parameters above the maximum in
qualitative agreement with SCA theory for L-shell ioniza-
tion (see Fig. 12). Following established scaling laws for
ionization, the smaller adiabatic radius for smaller col-
lision energies leads to a much sharper drop for larger im-

pact parameters for 5-electron production probability at
0.23 MeV/u and 0.13 MeV/u.

The experimental situation represents itself in spite of
the limited amount of data in a very complex manner.
For both collision energies we have data only for 90' ob-

F +(ls)+Ne(ls 2s 2P )

~F +(ls2lnl; 4&n &6)

+Ne'+(ls 2l ')+(i —2)el',

where no Ne K vacancy is created, because the K-K
charge transfer is the dominant mechanism to create a K
vacancy in Ne. It follows that at impact parameters
where the K-K charge-transfer probability takes on values
close to one, the channel for projectile K Auger emission
is closed and cannot contribute in the window at
(Es) =630 eV. If, however, electrons emitted at 630 eV
should be dominantly attributed to projectile (fluorine) K
Auger decay, there should be a structure in the P(b)
dependence like the complement of the P(b) for KK-
charge transfer. For 0.23 MeV/u an impact-parameter
range between 0.09 and 0.45 a.u. is covered. At b ~0.3
a.u. the 6-electron probability is decreasing in qualitative
agreement with SCA. At large impact parameters b )0.3
a.u. , however, we observe a constant or possibly even in-
creasing probability in clear disagreement with an expect-
ed exponential decrease. The SCA calculation is per-
formed with screened hydrogenic wave functions and
Rutherford trajectories for the projectile. Recoil effects
were taken into account and binding effects were simulat-
ed by united-atom wave functions assuming a fully
stripped projectile. Since this formulation of the SCA
ionization theory was originally formulated for the case of
asymmetric collision systems, we also did calculations
within the Briggs model approach which is more ap-
propriate for the symmetric case. However, it turns out
that the total ionization cross section is very similar to the
above-mentioned results. They are therefore not shown in
the figures. From the aforementioned it may be argued
that this rise in the emission probability for electrons with
(Es) =630 eV at large impact parameters is due to a de-
creasing K-K charge-transfer probability and thus an
opening of the Auorine K Auger emission channel at large
impact parameters, but the comparison with 6 electrons at
(,Es) =790 eV shows the strong similarity in the shape of
the P(b) curve for both electron energies, and at 790 eV
laboratory energy no interference with projectile Auger
electrons is possible. Projectile K Auger electrons thus
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nonexisting valley, the same tendency as for 630 eV. We
note as very interesting that for (Es ) =790 eV the abso-
lute probabilities for 0.23 and 0.13 MeV/u excitation en-

ergy are very closely the same. However, a more de-
tailed analysis requires data from more forward and
backward scattering angles to compare 6-electron emis-
sion and projectile K Auger decay probabilities. From
the coincident electron spectra as given in Fig. 4 in com-
parison with Fig. 3, it follows that even the dominant
contribution to the cross section of 5-electron produc-
tion must come from impact parameters outside the
range of the present experiment. In fact, the electron
spectra coincident with particles scattered under
b =0.58 and 0.52 a.u. bear the most resemblance to the
singles spectrum of Fig. 3. It might appear exciting to
speculate about quasimolecular electron emission in the
context of the data just discussed, however, before doing
so, we intend to begin a systematic study of continuous
electron emission for this collision system at these low
velocities.

FIG. 13. Impact-parameter dependence P(b) for two groups
of 5 electrons adjacent to the Ne K Auger groups for 0.13
MeV/u projectile energy. Data are compared with SCA calcula-
tions for K, L i, L2, and L3 ionization.

cannot be the explanation for the shape of the P(b) curve
at very large b for the continuous electron spectra.

An even more dramatic behavior is displayed for 0.13
MeV/u where in first order the 6-electron production
probability may be called b independent for both elec-
tron windows (see Fig. 13). However, the significant
drop in electron-production probability at (Es ) =630
eV and b =0.2 a.u. coincides with a maximum in the K-
K transfer probability; this variation does not appear for
the higher electron energy and may here indeed be inter-
preted as due to the inhibition of F K Auger decay due
to K-K charge transfer (see Fig. 8). In this case the
value of the electron-production probability in the
minimum would represent the true continuum electron-
production probability and from the depth of the
minimum follows then the F E Auger production proba-
bility following two-electron capture. On the other
hand, P (b) for electrons at 790 eV show, except for the

IV. CONCLUSION AND SUMMARY

We have measured the impact-parameter dependence
P (b) for quasiresonant K-K charge transfer for 0.23-
MeV/u and 0.13-MeV/u F + + Ne. At the higher col-
lision velocity agreement with theory may now be called
very good, where at the low velocity theory fails to repro-
duce the damping effect in the amplitude whereas the po-
sition of extrema are agreeing satisfactorily with experi-
mental data. Furthermore, the derived potential curves
are only in qualitative agreement with Hartree-Pock cal-
culations.

A highly interesting and unexpected byproduct of this
experiment is the strong enhancement of 5-electron pro-
duction probabilities at large impact parameters in clear
disagreement with present ionization theories.
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