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Different contributions to radiative stabilization in Ne1011He collisions at projectile energies of 10 and 150
keV are studied. For both energies, radiative stabilization is found to be equal to'0.3 when referred to the
total double capture. In Ne1011He collisions doubly excited states 3lnl 8 and 4lnl 8 (n>4) are either pro-
duced by uncorrelated two-electron transitions or by dielectronic mechanisms due to electron-electron inter-
action. A strong contribution ('0.15) to the stabilization follows from the decay of near-equivalent electrons
3lnl 8 and 4lnl 8(n54,5). Another major contribution~0.10–0.25! to stabilization is due to the decay of
configurations 3lnl 8 (n>6) of nonequivalent electrons produced by the dielectronic process of autoexcitation.
A small contribution is found to be due to the configurations 3lnl 8 (n.9) created by dielectronic phenomena
in the postcollisional and asymptotic regions ('0.04). @S1050-2947~96!06606-1#

PACS number~s!: 32.80.Hd, 34.50.Fa

I. INTRODUCTION

In the past few years an increasing interest has been de-
voted to double-electron capture in slow collisions of multi-
ply charged ions with neutral atomic targets@1–5#. Two-
electron transfer results in the creation of doubly excited
states due to the configurationsnln8l 8 of the projectile. After
the collision, the doubly excited states decay either by Auger
electron emission or by photon emission. The photon emis-
sion gives rise to the radiative stabilization of the electrons at
the projectile ions. Radiative and nonradiative decay pro-
cesses allow the investigation of the double-capture pro-
cesses by means of photon spectroscopy@6,7#, translational
spectroscopy@8#, and Auger-electron spectroscopy@1,4,5#.
These methods have extensively been used to measure cross
sections for populating doubly excited states in many colli-
sion systems. Moreover, the mechanisms for radiative stabi-
lization of doubly excited states in few-electron systems
have been the subject of several studies and extensive dis-
cussions@5,9–13#.

For the analysis of radiative stabilization, it is useful to
consider two categories of doubly excited configurations
nln8l 8, i.e., involving ~near! equivalent electrons (n'n8)
and nonequivalent electrons (n8@n). ~In the following, con-
figurations of near-equivalent electrons are also referred to as
equivalent electron configurations.! In the case of equivalent
electron configurations, the Auger yieldanln8 l 81L , attributed
to the statenln8l 81L, is dominant and, hence the related
fluorescence yield is rather weak. This has been verified by
van der Hart and Hansen@14# for the configurations 3l3l 8
and 3l4l 8 of C41 ions. The situation is quite different for
nonequivalent electron configurations which include a core
electron and a high-lying Rydberg electron. In this case, due
to the small overlap of the corresponding wave functions, the
interaction between the electrons is reduced. Therefore the
probability for an independent two-electron decay by photon
emission becomes considerable. Hence fluorescence yields

associated with nonequivalent electron configurations are
likely to be significant.

Large fluorescence yieldsv2lnl 8 have initially been ob-
tained for the radiative transitions from initial states formed
by the configurations 2lnl 8 (n>3) of the ion C41 @5#. For
instance, values ofv2l7l 8 as large as 0.8 have been found for
the configurations 2l7l 8of the ion C41. It is emphasized that
the creation of these configurations during the collision is
caused by the dielectronic process of autoexcitation~AE!
involving the transfer of the electrons to high Rydberg states
@4,5,15#. Thus it has previously been shown that radiative
stabilization plays an important role for double-capture pro-
cesses into multicharged ions since the population of non-
equivalent electron configurations is important@5#.

Recently, several experiments have been performed to
study other radiative stabilization mechanisms@8,16,17#.
Roncin and co-workers@8,17# and Gaboriaud, Roncin, and
Barat@16# quoted that radiative-decay branches are relatively
large for equivalent electron configurations in many systems.
To explain such large contributions to radiative decay, Ron-
cin and co-workers@17# and Bachau, Roncin, and Harel@10#
have proposed a postcollisional autoexcitation process, re-
ferred to as autotransfer to Rydberg states~ATR!, where the
two-electron transition occurs at one atomic center. How-
ever, these authors found that the experimental values for
radiative stabilization are generally higher than those ex-
pected from ATR. To understand this finding, Kazansky and
Roncin @18# suggested an enhancement of ATR due to the
production of Rydberg states with high angular momenta. In
this work we will show that other dielectronic processes have
to be considered to explain the high amount of radiative
stabilization.

It should be noted that in their previous work Roncin and
co-workers@17# and Bachau, Roncin, and Harel@10# have
systematically neglected other dielectronic processes produc-
ing nonequivalent electron configurations. Thus they have
given the impression that the postcollisional ATR process is
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the only mechanism that produces the enhancement of radia-
tive stabilization. However, as previously pointed out by
Vaeck and co-workers@19#, various dielectronic mechanisms
are responsible for the transfer to high Rydberg states. In
addition to the collisional autoexcitation process observed
previously ~15!, atomic configuration interaction~CI! of
equivalent electrons and nonequivalent electrons may en-
hance stabilization@9,19,20#. Recently, this latter phenom-
enon has also been included in the work by Sa´nchez and
Bachau@21#.

To provide more insight into the dielectronic processes, in
Fig. 1 we depict schematically the mechanisms creating con-
figurations of equivalent and nonequivalent electrons in the
system Ne1011He. In the incident channel two electrons
occupy the 1s orbital of the target He. During the collision,
independent two-electron transfers give rise to equivalent
electron configurations 4lnl 8 and 3lnl 8 with n54 and 5 at
intermediate internuclear distances of typically 5–10 a.u.
@15#. In addition, dielectronic processes create the non-
equivalent electron configurations 3lnl 8 involving high-
lying Rydberg states. These dielectronic mechanisms are
rather similar. However, it should be emphasized that char-
acteristic differences occur in the ranges of populated Ryd-
berg statesn and the internuclear distances.

First, during the collision the dielectronic process of au-
toexcitation creates the Rydberg states 3lnl 8 with significant
probabilities forn values being in the range from 6 to 9@15#.
Higher Rydberg states (n.9) are also produced by AE;
however, their populations are small as the corresponding
cross sections decrease strongly with increasingn @15#. Sec-
ond, in the post-collisional region the ATR mechanism pro-
duces two-electron transfers from the configurations 4l4l 8 to
the Rydberg series 3lnl 8 with n values including the range
from about 9 to 12@21#. The ATR process occurs in the
range of internuclear distances from typically 10 to 20 a.u.
Moreover, Vaeck and co-workers@19# and van der Hart and

Hansen@20# have shown that in the asymptotic region, con-
figuration interaction occurs between 4l4l 8 and 3lnl 8 series
with n values being larger than 10. In the following, both
ATR and CI are referred to as CI mechanisms since both of
them are similar processes of configuration interaction be-
tween the states 4l4l 8 and 3lnl 8.

Until today no complete study has been performed to ana-
lyze quantitatively the different contributions to radiative sta-
bilization. In the present paper an attempt is made to inves-
tigate in detail the different contributions to stabilization in
slow Ne1011He collisions. In particular, the main goal of
this work is the comparative study of dielectronic mecha-
nisms which, until now, have been treated rather separately
by different groups@9–11#. In this way, our study combines
experimental cross sections and theoretical results. The ex-
perimental method and the spectra are presented in Sec. II.
Then, in Sec. III the total double-capture cross sections and
the different contributions to radiative stabilization are evalu-
ated.

Before the data analysis, it is useful to add a few remarks
about notations. To date, it became common use to replace
the term ‘‘fluorescence yield’’ by ‘‘stabilization ratio’’
@9,10,17#. We feel that the use of two different terms for the
same quantity introduces ambiguities in the study of radia-
tive transition processes. In particular, the attribution of the
word ‘‘stabilization’’ to individual states or limited number
of states appears to be incompatible with its original sense.
Therefore we shall use the term ‘‘fluorescence yield’’ to de-
note the radiative branching ratio for individual states. We
shall use the notation ‘‘radiative stabilization’’ to refer to the
mean branching ratio for radiative decay with respect to the
total number of populated doubly excited states.

II. EXPERIMENTAL METHOD AND SPECTRA ANALYSIS

The experiments at 150 and 10 keV were carried out at
the 14-GHz Electron Cyclotron Resonance Ion Sources at

FIG. 1. Diagram of the differ-
ent contributions to stabilization
for the system Ne1011He. Four
mechanisms are presented: An un-
correlated two-step process~in-
clined arrows! and three types of
dielectronic processes~vertical ar-
rows!. As shown for the case of
4l4l 8, the configurations of
equivalent or near-equivalent elec-
trons are dominantly populated by
uncorrelated two-step transfers.
Configurations of nonequivalent
electrons~such as, e.g., 3l6l 8) are
created by collisional autoexcita-
tion of the projectile. The configu-
rations 3lnl 8 with n.9 are pro-
duced either by the postcollisional
process ATR or the asymptotic
configuration mixing CI. Stabiliza-
tion originates from the radiative
decay of the populated states.
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the Grand Acce´lérateur National d’Ions Lourds~GANIL ! in
Caen and at Hahn-Meitner Institut~HMI ! in Berlin, respec-
tively. At both accelerators we used Auger-spectroscopy ap-
paratus developed at HMI. These apparatus have been de-
scribed before@22,23# so that only a few details are given
here. Ions of 150-keV Ne101 extracted from the ion source
were magnetically analyzed and directed into the scattering
chamber. The low beam energy of 10 keV was achieved by
means of an electrostatic deceleration of the 150-keV ions
before entering the scattering chamber. The beam was colli-
mated to a diameter of 2 mm. For the beams of 10 and 150
keV typical currents of about 0.4 and 10 nA, respectively,
were collected in a Faraday cup and were used to normalize
the spectra. In the scattering chamber, the beam collided a
gas-beam target of helium created by an effusive gas jet.

In the present experiments care was taken to maintain
single-collision conditions. The average target pressure was
estimated to be;1024 mbar. During operation of the gas jet,
the residual pressure in the chamber was;1025 mbar, while
the base pressure was below 531027 mbar. The fraction of
charge states other than the primary one present in the inci-
dent beam was estimated to be about 15%. For instance, line
intensities due to Li-like configurations~i.e., 1s3lnl 8) pro-
duced by multiple collisions were observed to be rather
small.

Auger electrons created after the collision were measured
in a wide range of observation angles including 0° by a
tandem electron spectrometer@22,23# which consists of two
electrostatic parallel-plate analyzers. The entrance analyzer
steered the electrons out of the ion beam and suppressed
background electrons. The exit analyzer determined the en-
ergy of the electrons with high resolution. The intrinsic reso-
lution of the exit analyzer was 5% within the full width at
half maximum~FWHM!. A constant energy resolution of 1.5
eV was achieved by decelerating the electrons in the region
between the analyzers, to 30 eV.

Figure 2 shows typicalL-Auger spectra obtained for pro-
jectile energies of 10 and 150 keV. The observation angle is
40° with respect to the incident beam direction. The peaks
are attributed to the configurations 3lnl 8 with n54–9. The
line group centered at 180 eV is associated with the configu-
rations 4l4l 8 and the series limit of the configurations
3lnl 8, which decay to the 2l e l 8 continuum by means of
Auger transitions. Auger electrons from the configurations
4lnl 8 (n55–6! have also been observed in the present ex-
periment. The associated peaks due toM -Auger transitions
are observed in the electron-energy range from 20 to 50 eV.
The 4l7l 8 Auger intensity is barely visible in the spectra.

To evaluate absolute cross sections from the observed
electron spectra~Fig. 2!, we used methods described previ-
ously@22#. First, the measured Auger spectra were integrated
to determine single-differential cross sectionsdsn,n8

a /dV for
Auger-electron emission attributed to a given complexn/n8.
Moreover, total cross sections for Auger-electron emission
sn,n8
a were evaluated by integration ofdsn,n8

a /dV over the
electron-emission angle. The results are given in Table I. The
absolute uncertainties for the evaluated cross sections are
about 30% and the relative uncertainties with respect to a
variation of the emission angle are 20%. The experimental
data were used to determine total double-capture cross sec-

tions sn,n8 by dividing sn,n8
a by the corresponding average

Auger yield an,n8 calculated theoretically. The obtained
double-capture cross sections are given in Table II.

The calculations of the average Auger yields are pre-
sented in Ref.@24#. Also, the principle of the theoretical
method has been discussed in detail by Stolterfohtet al. @5#
so that only a brief description is given here. Using the
Hartree-Fock code by Cowan@25#, radiative and nonradia-
tive decay rates for the statesunln8l 8gJg& @26# were evalu-
ated to determine the associated individual Auger yields
anln8 l 8gJg

. The averageL- andM -Auger yields for the con-

figurations 3lnl 8 (n54–9! and 4lnl 8 (n54–6!, respec-
tively, were obtained by means of the expression

an,n85 (
l ,l 8,g,J

Qn,n8~ l ,l 8,g,Jg!anln8 l 8gJg
, ~1!

whereQn,n8( l ,l 8,g,Jg) is the probability for the production
of the stateunln8l 8gJg&. A simple model was adopted in
which this probability is factorized@5,24#,

Qn,n8~ l ,l 8,g,Jg!5qn~ l !qn8~ l 8!p~Jg!s~g!, ~2!

whereqn( l ), qn8( l 8), and p(Jg) are the occupation prob-
abilities associated with the quantum numbersl , l 8, and
Jg , respectively, ands(g) is the squared coefficient of the
singlet component of the intermediate coupling stateg.

For details of the calculations ofqn( l ), qn8( l 8), p(Jg),
ands(g) the reader is referred to Refs.@5,24#. The probabil-
ity p(Jg) was obtained by assuming a statistical population
of the state specified by the total angular momentumJg . The
probabilities qn( l ) and qn8( l 8) were estimated using the

FIG. 2. High-resolution spectra ofL-shell Auger electrons pro-
duced in Ne1011He collisions at projectile energies of 10 and 150
keV. Each peak corresponds to the Auger decay of states associated
with a configuration 3lnl 8 (n54–9!. The peak centered at 180 eV
corresponds to the limit of the 3lnl 8 series and to the configurations
4l4l 8 which decay to the 2l« l 8 configurations.
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model by Burgdo¨rfer, Morgenstern, and Niehaus@27#. In ac-
cordance with experimental results of Meyeret al. @28#, the
population of high-angular-momentum states was included
in the distributionqn8( l 8). It is emphasized that the variation
of qn( l ) andqn8( l 8) with respect to the collision energy was
found to be weak in the investigated range from 10 to 150
keV. Furthermore, the average Auger yieldsan,n8 were
found to be rather insensitive to the distributionsqn( l ) and
qn8( l 8) @24#. Hence in contrast to the suggestion of Kazan-
sky and Roncin@18# we concluded that the choice of the
distributionsqn( l ) andqn8( l 8) is uncritical for the determi-
nation of the average Auger yieldsan,n8 @24#.

It is of particular interest to compare the calculated Auger

yields with the most accurateab initio calculations per-
formed by van der Hart, Vaeck, and Hansen@29,30#. First, a
comparison between the individual Auger yieldsanln8 l 8gJg

and results given by van der Hart and co-workers@29,30# for
the singlet states 4l5l 8 shows good agreement@24#. For the
present analysis, we determined average Auger yields for
which the uncertainties of individualanln8 l 8gJg

are smoothed

out. In Table I, typical average Auger yieldsan,n8 are com-
pared with the calculations performed by aB-spline-based
method@29,30#. Good overall agreement is obtained between
the two sets of methods. The differences between the corre-
sponding Auger yields are smaller than 10%. It is therefore
reasonable to invoke an uncertainty of about 10% for the
average Auger yields used in this work. Since the experi-
mental uncertainties are as large as 20%, the uncertainties for
the average Auger~and fluorescence! yields provide a small
contribution to the uncertainties for the double-capture cross
sections and hence play an unimportant role for the follow-
ing conclusions.

After the determination of the average Auger yields, we
focused attention on the configuration interaction between
4l4l 8 and 3lnl 8 (n.9). The spectrum peak centered at 180
eV ~Fig. 2! was integrated to determine the total cross sec-
tion s (180 eV)

a for Auger-electron emission from the configu-
rations 4l4l 8 and 3lnl 8 with n.9. The cross section
s (180 eV)
a is a summation over three different Auger-emission

contributions as follows:

s~180 eV!
a 5s3,n.9a3,n.91s4,4ta3,n.91s4,4~12t!a4,4.

~3!

In this summation, the terms3,n.9a3,n.9 accounts for the
Auger-emission cross section for the configurations 3lnl 8
(n.9) created by the collisional autoexcitation process. The
corresponding double-capture cross sections3,n.9 summed
overn was estimated by means of an extrapolation by fitting
the functionn2a to the intensities of the states 3lnl 8 with

TABLE I. Total Auger-electron emission cross sectionssn,n8
a measured for the configurations of doubly

excited states 3lnl 8 and 4lnl 8 (n>4) produced in 10- and 150-keV Ne1011He collisions. The experimental
uncertainties are about 20%~see text!. The corresponding Auger yieldsan,n8 and fluorescence yields
vn,n8, which were previously calculated by means of the Cowan code@24#, are also given. The average
Auger yieldsan,n8 are compared with thosean,n8

VH given by van der Hart, Vaeck, and Hansen@29,30#.

Configurations sn,n8
a (10217 cm2)

nln8l 8 10 keV 150 keV an,n8
an,n8
VH vn,n8

3l4l 8 1.2560.25 4.0760.81 0.75 0.25
3l5l 8 1.3260.26 2.9960.60 0.67 0.33
3l6l 8 3.7760.75 1.5060.30 0.60 0.40
3l7l 8 1.3260.26 1.0260.20 0.56 0.59a 0.44
3l8l 8 0.8860.18 0.5060.10 0.52 0.48a 0.48
3l9l 8 0.4460.09 0.3360.07 0.47 0.43a 0.53
3lnl 8 (n.9) 0.4460.09 0.4160.08 0.45 0.55

180-eV peak 1.3760.27 3.6160.72
4l5l 8 3.6460.73 9.8061.96 0.91 0.94 0.09
4l6l 8 0.8760.17 2.3560.47 0.79 0.21

aSee Ref.@30#.

TABLE II. Total double-electron-capture cross sectionssn,n8
obtained for the configurations of doubly excited states 3lnl 8 and
4lnl 8 (n>4) produced in 10- and 150-keV Ne1011He collisions.
For the evaluation of the double-capture cross sections attributed to
the configurations 3lnl 8 (n.9) and 4l4l 8 see Sec. II. At the bot-
tom of the table, the total cross sections tot including all double-
capture states is given for the collision energies of 10 and 150 keV.

Configurations sn,n8
(10217 cm2)

nln8l 8 10 keV 150 keV

3l4l 8 1.6660.42 5.4361.36
3l5l 8 1.9760.49 4.4661.12
3l6l 8 6.2861.57 2.5260.63
3l7l 8 2.3660.59 1.8260.46
3l8l 8 1.6960.42 0.9660.24
3l9l 8 0.9360.23 0.7160.18
3lnl 8 (n.9) 0.9760.24 0.9260.23

4l4l 8 1.4760.36 5.0861.27
4l5l 8 4.0061.00 10.7662.69
4l6l 8 1.1060.28 2.9760.74

s tot (10
217 cm2) 22.4365.61 35.6368.91
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n56–9. The double-capture cross sections forn.9 were
found to be small in comparison with the cross section asso-
ciated with 4l4l 8 ~Table II!.

In Eq. ~3!, the terms4,4ta3,n.9 refers to the total cross
section for Auger emission from the Rydberg components
3lnl 8 (n.9) created by both postcollisional and asymptotic
CI mechanisms. The quantitys4,4 is the total cross section
for producing the doubly excited states 4l4l 8 in the colli-
sional region. The quantityt refers to the total fraction of the
initial 4 l4l 8 population which dilutes into the nonequivalent
electron configurations 3lnl 8 by CI processes.

Hence the last term of the summation in Eq.~3!, i.e.,
s4,4(12t)a4,4, accounts for Auger-electron emission from
the components 4l4l 8. The average Auger yielda4,4 was
found to be 0.9@30#. From the results obtained for cross
sectionss (180 eV)

a ands3,n.9 , the double-capture cross sec-
tion s4,4 for producing the doubly excited state 4l4l 8 in the
collisional region was determined by means of Eq.~3!.

Recently, Sa´nchez and Bachau@21,31# have studied the
CI mechanisms in the case of doubly excited ions Ne81.
They found that the fractiont is equal to;0.6. We consider
this number as an upper limit estimate for the postcollisional
and asymptotic mechanisms of configuration interaction.

III. RESULTS AND DISCUSSION

Table II gives the results for the total double-capture cross
sections obtained for the collisions Ne1011He at impact en-
ergies of 10 and 150 keV. It is seen that the cross sections for
producing the configurations of near-equivalent electrons
3lnl 8 and 4lnl 8 (n54,5) are dominant for 150 keV,
whereas they decrease at 10 keV. On the contrary, the pro-
duction of the nonequivalent electron configurations 3lnl 8
with n values ranging from 6 to 9 increases significantly at
10 keV. At this energy, the production of nonequivalent elec-
tron states becomes as large as that of near-equivalent elec-
tron states. As noted above, the observed high Rydberg states
3lnl 8 (n56–9! are predominantly produced in the colli-
sional region at internuclear distance of typically 5 a.u. Thus
our study provides experimental evidence for the fact that the
nonequivalent electron configurations 3lnl 8 created by the
collisional autoexcitation play a significant role for radiative
stabilization.

The different contributions to stabilization with respect to
the total double-capture cross section were based on the ex-

perimental cross sections given in Table II. The contributions
are denoted by letters indicated in Fig. 1: The quantity
ymono
X refers to the contribution which follows from the decay
of the near-equivalent electron configurations 3lnl 8
(n54–5! and 4lnl 8 (n54–6! mainly produced by mono-
electronic processes. The contribution originating from the
decay of the nonequivalent electron configurations 3lnl 8
(n56–9! created by the dielectronic process AE is referred
to asyAE

X . The quantityyCl
X is the contribution to stabilization

due to photon emission from the high Rydberg states 3lnl 8
produced in the postcollisional and asymptotic regions:

ymono
X 5

sn,n8vn,n8
s tot

, ~4!

yAE
X 5

s3,nv3,n

s tot
, ~5a!

yCl
X 5

s4,4tv3,n.9

s tot
, ~5b!

where s tot is the total cross section including all double-
capture states andvn,n8 is the average fluorescence yield
associated to a given configurationnln8l 8 summed overl
and l 8 ~Tables I and II!. Equation~4! refers to the uncorre-
lated two-electron transfers and Eq.~5! to the dielectronic
processes. It is pointed out here that the radiative stabiliza-
tion is given by the sum of the individual contributions as

S5ymono
X 1yAE

X 1yCl
X . ~6!

The results obtained for the different contributions to ra-
diative stabilization are given in Table III and shown in Fig.
3. The radiative stabilization valueS of the doubly excited
system Ne1011He is found to be about 0.30 for the impact
energies of 10 and 150 keV. Within the experimental uncer-
tainties, the present stabilization valuesS agree with recent
measurements performed by means of recoil ion spectros-
copy @32,33#.

The contribution to radiative stabilization due to equiva-
lent electron configurations is found to be of the same order
of magnitude as the contribution attributed to nonequivalent
electron configurations. In the case of 150-keV Ne1011He
collisions, the decay of equivalent electron configurations
provides the largest contribution to radiative stabilization.

TABLE III. Contributions to radiative stabilization of doubly excited Ne81 ions originating from the 10-
and 150-keV Ne1011He collisions. These contributionsyX are due to the decay of the doubly excited states
nln8l which are produced by the different mechanisms. In the first column, the label ‘‘mono’’ refers to
mechanisms involving monoelectronic processes and AE and CI refer to dielectronic processes. In the last
row, the fractionSof ions Ne81 which stabilize radiatively with respect to the total number of doubly excited
ions Ne81 is given.

Configurations Contributions to stabilizationyX

Mechanisms nln8l 8 10 keV 150 keV

mono 3lnl 8 (n54–5! and 4lnl 8 (n54–6! 0.0860.02 0.1460.04
AE 3lnl 8 (n>6) 0.2460.07 0.0960.03
CI 4l4l 8→3lnl 8 (n.9) 0.0260.01 0.0560.02

StabilizationS 0.3460.10 0.2860.09
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The contribution associated with the equivalent electron
states is still significant at 10 keV (;0.1) ~Table III!. Fur-
thermore, although the fluorescence yieldv4,4 (;0.1)
@29,30# is nearly equal tov4,5, the 4l4l 8 contribution to
stabilization is found to be smaller than that for 4l5l 8. This
is due to the fact that the cross section for producing the
states 4l5l 8 is dominant in the group of equivalent electron
configurations.

Next, we consider the dielectronic mechanisms producing
configurations of nonequivalent electrons. At both energies
of 10 and 150 keV a significant contribution to stabilization
originates from the configurations 3lnl 8 (n>6) created by
the collisional process of autoexcitation. The remarkable fea-
ture is that this AE contribution increases strongly with de-
creasing projectile velocity so as to become the major con-
tribution to stabilization~0.24! at the collision energy of 10
keV. On the contrary, as depicted in Fig. 3, the decay of
configurations 3lnl 8 (n.9) due to postcollisional and as-
ymptotic CI processes gives rise to the smallest contribution
to stabilization, in particular at the projectile energy of 10
keV.

Our analysis shows that the major contribution to stabili-
zation originates from the states 3lnl 8 with n>4 which are
populated during the collision at internuclear distances of
typically 5 a.u.~Fig. 3 and Table III!. This is in disagreement
with the results obtained by Roncin and co-workers@17#,
who quoted that the population of the states 3lnl 8 during the
collision is negligible. These authors stated that uniquely the
equivalent electron configurations 4l4l 8 and 4l5l 8 are pro-
duced in 10-keV Ne1011He collisions. Then, they supposed
that the postcollisional and asymptotic mechanisms play the
major role for the radiative stabilization. In view of our re-
sults, their conclusions above the different contributions to
stabilization are incorrect.

Recent Auger-electron spectra measured by Bordenave-
Montesquieuet al. @34# clearly showed that the configura-
tions 3lnl 8 with n>5 are strongly populated in 100-keV

Ne1011He collisions. Unfortunately, the above authors as-
sumed that the fluorescence yieldsv3,n are equal to zero for
n<9 and become significantly large forn.9. Their assump-
tions disagree with our calculated results obtained forv3,n
@24# ~see also Table I!. Hence, like Roncin and co-workers
@17#, they gave the erroneous impression that the dominant
contribution to stabilization originates from the decay of Ry-
dberg components 3lnl 8 (n.9) created in the postcolli-
sional region.

Configuration-interaction processes give rise to an en-
hancement of the 4l4l 8 contribution to stabilization since
they create components 3lnl 8 ~with n.9) which decay no-
ticeably by photon emission. For instance, the fluorescence
yield v4,4 was recently found to be about 0.1 when neglect-
ing the CI processes@30#. When the configuration interaction
between the states 4l4l 8 and 3lnl 8 (n.9) is taken into ac-
count, this fluorescence yield becomes as large as 0.25–0.35
@29,35,36#. It should be realized, however, that this increase
of the fluorescence yield plays a minor role in the total bal-
ance of stabilization. The cross section for producing the
doubly excited state 4l4l 8 is found to be rather small in
comparison with the 4l5l 8 and 3lnl 8 cross sections~Table
II !. Thus the decay of components 3lnl 8 produced by CI
contributes weakly to the stabilization process.

IV. CONCLUSION

In this work we report on the mechanisms responsible for
the production of radiative stabilization in the collision sys-
tem Ne1011He at impact energies of 10 and 150 keV. The
attempt was made to provide a complete quantitative study
of the stabilization phenomenon including monoelectronic
and dielectronic effects in the electron transfer mechanisms.
The different contributions to stabilization were extracted
from experimental double-capture cross sections and theo-
retical results for branching ratios@15,21,24#. It is shown that
the double electron capture into the states associated with the
configurations 3lnl 8 (n>4) of equivalent and nonequivalent
electrons plays a major role in the stabilization process.

On the contrary, the contribution originating from the ra-
diative decay of the configurations 4l4l 8 was found to be
rather small in comparison with the 4l5l 8 and 3lnl 8 contri-
butions. Nevertheless, specific attention was devoted to the
decay of the configurations 4l4l 8, since they have been
shown to interact significantly with the Rydberg configura-
tions 3lnl 8 (n.9) @20,21#. Sánchez and Bachau@21,31#
have found that the total probability of population of states
3lnl 8 due to postcollisional and asymptotic mechanisms is
as large as 0.60. However, the decay of high Rydberg states
created in postcollisional and asymptotic regions by CI gives
rise to stabilization whose contribution does not exceed 0.05.
For example, the CI contribution is about ten times smaller
than the contribution attributed to the autoexcitation process
producing the configurations 3lnl 8 during the collision at 10
keV.

For the determination of the average fluorescence and Au-
ger yields, we used different occupation probabilities that
were estimated in an approximative manner@24#. However,
these probabilities are found to depend only slightly on the
collision energy and they do not influence critically the fluo-
rescence yields. Therefore the major conclusions of the

FIG. 3. Contributions to stabilization originating from radiative
decay of doubly excited states produced by monoelectronic and
dielectronic processes in 10- and 150-keV Ne1011He collisions.
The label ‘‘mono’’ denotes the contribution associated with the
uncorrelated processes dominantly responsible for the production of
equivalent electron configurations 3lnl 8 (n54–5! and 4lnl 8
(n54–6! during the collision. The labels AE and CI refer to the
dielectronic processes responsible for the creation of nonequivalent
electron configurations 3lnl 8 in the collisional region, and postcol-
lisional and asymptotic regions, respectively.
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present study are not affected by the uncertainties of the
fluorescence and Auger yields.

The present work provides clear evidence that the role of
the dielectronic autoexcitation process, which occurs during
the collision, is substantial for the production of nonequiva-
lent electron configurations and for radiative stabilization. It
is evident that in future experimental and theoretical studies
the major contributions to radiative stabilization must be ad-
equately taken into account.
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