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Dielectronic excitation of NeK-shell electrons in 2–170-keV N711Ne collisions
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We report on the projectile energy dependence of the cross sections for producingK Auger electrons in
2–170-keV N711Ne collisions. The present studies, which extend previous work performed at the impact
energy of 35 keV, give evidence for a dielectronic excitation process produced by electron-electron interaction.
At impact energies in the range 5–170 keV, the cross sections are found to be larger than 10217 cm2.
Molecular-orbital energy diagrams were determined to analyze details of the collision. Analytic models were
used to evaluate cross sections associated with dielectronic excitation. The results show good agreement with
experiment. The dielectronic excitation process is dominant when three electrons from the target are transferred
into an excited state of the projectile.@S1050-2947~99!05306-8#

PACS number~s!: 32.80.Hd, 34.50.2s
d
w

d
b
an
to
-
se
cl
e
ita
o
ex
tio
s

yz
a

s

e

-
s
can
tron
f

nic

n-
y

ion

er-
an-
ing
on
ce
x-

f
-

r the
are

r-

cal-

the
N

I. INTRODUCTION

In the last two decades, considerable work has been
voted to multiple-electron capture in collisions of slo
highly charged ions on few-electron target atoms@1–5#. Par-
ticularly, the study of double-electron capture has receive
great deal of attention. Mechanisms responsible for dou
capture have been extensively studied experimentally
theoretically @2,4–11#. Specific effort has been devoted
electron correlation effects@6,12,13#. These effects are pro
duced by mutual interaction of two electrons which cau
deviations from the prediction of the independent parti
model. A characteristic example of dielectronic process
associated with dynamic electron correlation, is autoexc
tion, where one electron is transferred from the target t
deeper level of the projectile, while another electron is
cited to a higher Rydberg state. Examples for autoexcita
processes occurring during the collision are the processe
correlated double capture~CDC! @2,6,12# and correlated
transfer excitation~CTE! @13#.

Double capture processes have been extensively anal
in the case of a helium target. It has been commonly
cepted that, in most collision systems@14–16#, configura-
tions of ~near-! equivalent electronsnln8l 8 (n8'n) can be
produced by independent monoelectronic transitions cau
by electron-nucleus interaction. For example, in the case
the system Ne1011He at a projectile velocity of 0.5 a.u., th
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configurations 3ln8l 8 (n854 – 5) are populated by mono
electronic processes@16#. However, in specific cases, it wa
shown that configurations of near-equivalent electrons
also be populated by dielectronic processes due to elec
correlation@4#. The situation is different for configurations o
nonequivalent electronsnln8l 8 (n8@n). The production of
such configurations was uniquely attributed to dielectro
mechanisms@2#. As a recent example, for the Ne1011He
collision system at a projectile velocity of 0.5 a.u., the co
figurations 3ln8l 8 (n8>6) were shown to be populated b
dielectronic processes@16#.

Here we focus our attention on the inverse autoexcitat
process, also referred to asdielectronic excitation@17#. Due
to electron-electron interaction, an electron from a high
lying level is deexcited, transferring its excess energy to
other electron which, in turn, is removed from a deeper-ly
level. It is noted that this process is dominant at low collisi
energies, at which ionization and excitation fail to produ
inner-shell vacancies. The first indication for dielectronic e
citation has been provided by Afrosimovet al. @18# studying
the singly charged system N11Ar. Similar measurements o
vacancy creation in theL shell of the heavier collision part
ner in the collision Ar11Si have also been performed@19#.
In this latter example, a promotion of twoL-shell electrons
of Si occurs, so that resonance conditions are created fo
inverse autoexcitation process. Thus, the two vacancies
simultaneously filled by transitions from a higher-lying o
bital and an electron from the 2p orbital of Ar. This dielec-
tronic excitation process has been confirmed by model
culations@20#.

Recently, we provided clear experimental evidence for
e-
4399 ©1999 The American Physical Society
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FIG. 1. Diagram of orbital energies for the systems N611Ne and N711Ne. In N711Ne collisions~left diagram!, resonance conditions
lead to a simultaneous transfer of a 1s- and a 2l -target electron by means of dielectronic excitation. This process produces target co
rations decaying byK Auger-electron emission~dashed lines!. In N611Ne ~right diagram!, Ne K-shell excitation is unexpected, sinc
electron transfer from the 1s orbital of Ne to the 1s orbital of N can be excluded at low collision energies.
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dielectronic excitation process when multiply charged io
are used as projectiles@21#. In that study, the collision sys
tem 35-keV N711Ne was investigated by means of Auge
electron spectroscopy. The mechanism of dielectronic e
tation can be understood in terms of the orbital energy-cu
diagram shown in Fig. 1, which illustrates resonance con
tions for electron transfer in N611Ne and N711Ne colli-
sions@21#. In the incident channel, two electrons occupy t
Ne-1s orbital and eight electrons fill the Ne-2l orbital. In
both collision systems, the Ne-1s orbital does not cross th
orbitals of the projectile. Thus, the capture of a 1s-target
electron by means of asingle-electron transition is very un
likely in both systems.

In the case of the N711Ne collision~left side of Fig. 1!, it
is seen that at internuclear distances of;1 a.u. resonance
conditions are created for the dielectronic excitation proc
in which a 2l and a 1s electron from the Ne target are s
multaneously transferred into the 1s orbital of the N projec-
tile. The presence of two 1s vacancies initially in the projec
tile is essential for the dielectronic excitation process. Th
it is clear that the dielectronic excitation process is unlik
for the N611Ne collision system~right side of Fig. 1! since
the 1s-projectile orbital is already occupied by one electro

After the dielectronic excitation process in the N711Ne
system, the target is in an excited state with a vacancy in
K shell. Hence, the target may decay viaK Auger-electron
emission. Therefore, the dielectronic process can be stu
by means of target Auger-electron spectroscopy. It is imp
tant to note that the peaks corresponding to the dielectr
excitation process are well separated from Auger peaks
to other mechanisms which may contribute to electron c
ture in N711Ne collision @21#.

In the case of systems involving multiply charged io
such as C61 or Ne101 and a He target@22,23#, the relative
contribution of the dielectronic processes versus that of
monoelectronic processes was shown to be significantly
hanced when the projectile energy decreases. In Fig. 2
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ture cross sections calculated by means of the Landau-Z
model @24# and associated with two different capture cha
nels for the system Ne1011He are reported as a function o
projectile velocity. In the case of monoelectronic transitio
~dashed curve in Fig. 2!, the coupling matrix elementVi f is
of the order of 0.3 a.u. Thus, according to the Landau-Ze
model@24#, the corresponding cross section exhibits a ma
mum at relatively large impact velocities~;2 a.u. in Fig. 2!.

In contrast to the monoelectronic interactions, t

FIG. 2. Cross sections calculated using the Landau-Zener m
for single-electron capture~dashed curve! and double-electron cap
ture due to electron-electron interaction~full curve! in Ne1011He
collisions, as a function of impact velocity. Typical matrix elemen
~labeled Vi f ! for monoelectronic and dielectronic couplings a
given.
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FIG. 3. Spectra of Auger electrons produced in 7- and 105-keV N611Ne and N711Ne collisions at an observation angle of 150°. T
peaks in the range 0–500 eV correspond to the decay of multiexcited states of the projectile@21#. The group of peaks centered at;710 eV
in N711Ne collisions is produced by dielectronic excitation, which simultaneously creates a vacancy in theK shell of the target and a
transfer of a 2l -target electron. It is seen that the collision N611Ne does not create aK vacancy in the target.
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electron-electron interaction is small~Vi f is of the order of
0.03 a.u.!. The maximum for the cross sections~full line in
Fig. 2! is thus shifted to lower impact velocities. Cons
quently, dielectronic processes are likely to be dominan
very low impact velocities~;0.05 a.u.!. Thus, in the presen
paper, the objective is to perform a comprehensive stud
the dielectronic excitation process in the N711Ne system at
collision velocities from 0.67 down to 0.07 a.u.~i.e., at im-
pact energies from 170 down to 2 keV, respectively!. Since
the K Auger emission following aK neon vacancy produc
tion is dominant@25#, the experiments were performed usin
the method of Auger-electron spectroscopy.

The paper is structured as follows. Experimental meth
and Auger spectra are presented in Sec. II. In Sec. III, Au
emission cross sections resulting fromK neon vacancy are
evaluated. Auger yields for each configuration of the ioniz
target are also determined. Average Auger yields are t
deduced to extract total cross sections. In Sec. IV, molecu
orbital diagrams are given. Using these diagrams, Land
Zener calculations were performed to evaluate cross sec
associated with the dielectronic excitation process. From
comparison with experimental results, the dielectro
mechanism is further discussed.

II. EXPERIMENTAL METHOD

The measurements were carried out at the 14-GHz e
tron cyclotron resonance~ECR! ion sources at the Gran
Accélérateur National d’Ions Lourds~GANIL ! in Caen and
at the Ionenstrahl-Labor of the Hahn-Meitner Institut~HMI !
at
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in Berlin. Higher-energy beams were achieved in Ca
while beams of energies below 35 keV were produced
Berlin. Beam energies lower than 10 keV were realized us
the advanced beam-deceleration method installed at the
source of HMI. Ions of N71 were extracted from the ECR
source and collimated to a diameter of;2 mm, with typical
currents of about 30 nA. In the collision chamber, the be
was colliding with an effusive Ne-gas jet target. During t
acquisition, the pressure of;331025 Torr was maintained
in the chamber. This pressure was sufficiently low to av
multiple charge-exchange collisions for the incident ions.

Auger electrons produced in N711Ne collisions were
measured at detection angles of 120° and 150°, with res
to the incident beam direction, using a single stage spectr
eter developed at HMI which consists of an electrosta
parallel-plate analyzer@26#. The resolution of the analyze
was 5% full width at half maximum~FWHM!. At the exit of
the spectrometer the Auger electrons were detected b
channeltron electron multiplier.

Figure 3 shows typical Auger-electron spectra for the s
tems N61 and N711Ne at 7- and 105-keV projectile ene
gies. Peaks in the energy range 20–500 eV are attribute
electrons emitted by the projectile@21#. As mentioned previ-
ously, double-electron capture populates configurations
near-equivalent electrons 3lnl 8 and 4lnl 8 (n>4), which
give rise toL Auger electrons in the range 0–100 eV~Fig.
3!. The line intensities in the range 200–500 eV are ess
tially due to capture into triply excited states.

For the particular case of the N711Ne system, Auger
peaks in the range 600–900 eV are observed at both pro
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4402 PRA 59C. BEDOUETet al.
tile energies. This is attributed to the occurrence of diel
tronic excitation, where two 1s- and 2l -target electrons are
transferred into the 1s-projectile orbital due to electron
electron interaction~see Fig. 1 and Ref.@21#!. Thus, a va-
cancy is created in theK shell of the target. After the colli-
sion, the target deexcites by emission of aK Auger electron.

As mentioned in the Introduction, two 1s vacancies in the
projectile are essential for the occurrence of the dielectro
excitation process. In the N611Ne system, a 1s-projectile
orbital is already occupied by one electron, so that the
electronic process is impossible. It is clearly seen in Fig
that K Auger target electrons are not detected when N61 is
used as a projectile. As noted previously for other collis
systems @27#, the Auger electrons from the neon targ
~;700 eV! are influenced by the azimuthal broadening eff
produced by the random direction of the recoil momentu
This effect is particularly large at low impact velocities,
shown in Fig. 4. At 7 keV the azimuthal line broadening w
estimated to be;18 eV at an observation angle of 150
Consequently, fine structures of the spectrum are not vis

III. ANALYSIS OF THE SPECTRA

As seen in Fig. 4, the wide energy range of the Aug
spectrum~600–800 eV! indicates that the spectrum exhibi
a large number of overlapping lines. These lines origin
from the transfer ofnL L-shell target electrons~0<nL<5 for

FIG. 4. Spectra of Auger electrons produced in N711Ne colli-
sions at projectile energies of 7, 35, and 105 keV. The peaks
respond to theK Auger decay of the target. Gaussian curves
used to fit the spectra~full line!. From the fit procedure, the centroi
energy of the peaks is deduced~vertical lines!.
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the present system! in addition to the dielectronic excitation
process. In the following, theseL-shell electrons will be re-
ferred to asspectator electronswhile the electrons which
interact by means of dielectronic excitation will be calle
active electrons.

Information about the mean numbern̄L can be extracted
from the mean centroid energyĒC of the K Auger-electron
peak at the different impact velocities~Fig. 4!. To determine
the experimental centroid energyĒC , the spectra were fitted
by Gaussian curves~Fig. 4!. In the entire range of the studie
projectile velocities it is seen that the group of peaks is c
tered at about 710 eV. From the relationship previou
given @27#, this centroid energy corresponds to ann̄L value
of about 3.5.

It is also seen thatĒC is shifted to lower energies~Fig. 4!
when the projectile velocity decreases. Typically, the m
sured shift is of the order of 10 eV when the projectile v
locity varies from 0.09 to 0.7 a.u.~Fig. 5!. Note that this
value is significantly larger compared to the experimen
uncertainties of the Auger-electron energy. For example,
experimental error ofĒC at the velocity of;0.6 a.u. was
found to be smaller than 1 eV. Hence, asĒC varies notice-
ably, the mean numbern̄L is found to increase from about
to 4 when the projectile velocity decreases from 0.7 down
0.09 a.u.~Fig. 5!.

To obtain information on the projectile-velocity depe
dence of the dielectronic process, Auger emission cross
tions were determined. Single-differential cross sectio

r-
e

FIG. 5. Mean centroid energyĒC ~squares! of the Ne Auger
peaks as a function of the projectile velocity. The associated m
number n̄L of spectator electrons is also given~right side of the
figure!. The full line represents the result of the present model c
culations.
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dsa/dV for Auger-electron emission were evaluated by
tegration of the spectra with respect to electron energy.
suming an isotropic emission of the target Auger electro
total Auger-electron emission cross sectionsa was derived
by multiplying dsa/dV by 4p. The isotropy was observe
for the particular projectile energy of 35 keV.

The results are presented in Table I@28#. The experimen-
tal errors for the cross sections are estimated to be a
620%. These errors account for uncertainties due to sta
tics and background subtraction. Moreover, difficulties d
to beam deflection were encountered to normalize the spe
at the projectile energies lower than 3 keV. Hence, for th
energies the uncertainties are about630%. Auger emission
cross sections are found to slowly increase with decrea
projectile velocity in the range 0.14–0.67 a.u.~7–167 keV!.
At velocities lower than 0.14 a.u. the cross sections decre
significantly.

The radiative and nonradiative decay rates for the st
u1s2l mLJ& were calculated to determine the associated in
vidual Auger yieldsanL

(1s2l mL) for a givennL value. The

exponentmL refers to the number of 2l electrons which re-
main on the target after the removal of thenL electrons and
the transfer of the 2l active electron. The calculations we
carried out using the suite of Hartree-Fock~HF! programs
written by Cowan@29#. The relativistic option has been use
in which the monoelectronic mass correction and the Dar
term are included directly in the HF optimization of the r
dial wave functions. The configuration interaction~CI! basis
set included all the configurations of the Layzer complex
addition to the intraconfiguration spin-orbit interaction whi
introduces mixing between differentLS states with the same
value of J. We have used a perturbation approach to de
mine both the radiative and autoionization rates~Ar andAa!.
The energy of the free electron used to calculate the auto
ization probabilities depends only on the average energ
the initial and final configurations. The target state is d
scribed in a monoconfigurational approach.

A number of theoretical and experimental works have
ready been achieved on theK Auger spectra of neon. Most o
the theoretical works have been performed using a sin
configuration approach either in the Hartree-Fock@30,31# or
in the Dirac-Fock formalism@32,33#. Some differences ap
pear between our results and these previous calculat
which can be easily explained by the neglect of the corre

TABLE I. Auger emission cross sectionssa for producing neon
K vacancy in 2–167-keV N711Ne collisions. The experimenta
uncertainties are about 20%~see text!. The mean numbern̄L of
spectator electrons is derived from the relationship given in R
@27#.

vp ~a.u.! sa (10217 cm2) n̄L

0.075 0.760.3 4.0
0.086 0.9560.20 4.0
0.11 1.060.2 3.9
0.14 2.160.4 3.9
0.30 1.660.3 3.7
0.43 2.260.4 3.7
0.53 1.960.4 3.6
0.67 1.460.3 3.6
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tion effects. We plan to present the complete description
our theoretical results and a systematic comparison with
other theoretical and experimental values in future@34#.

The average Auger yieldāK was determined, using a
simple arithmetic averaging procedure. The value of ab
0.9 was found and assumed to be independent of the c
sion velocity. Total cross sectionsK for producing aK va-
cancy in the target was then evaluated by dividingsa by the
quantity āK . To explain the role of the spectator electro
during the collision and the dependence of the cross sect
on the projectile velocity, calculations were perform
within the framework of molecular-orbital~MO! diagrams
described in the following section.

IV. MOLECULAR ORBITALS AND POTENTIAL CURVES

The model matrix elements that have been evaluated
viously @27# within a screened hydrogenic model~SHM!
were used to evaluate the~MO! energies by means of nu
merical diagonalization. The results fors orbitals are pre-
sented in Fig. 6, which refers to neon with a decreasing nu
ber of spectator electrons. At large internuclear distance,
MO energies correlate to the orbital energies of N and Ne
the entrance channel, the two active electrons occupy thes
and 2l ~2s in Fig. 6! orbitals of neon. At small internuclea
distances, energetic resonance conditions are created fo
dielectronic excitation process@Figs. 6~a! and 6~b!#. There, at
distanceRC , both active electrons are simultaneously tran
ferred from the target into the 1s orbital of nitrogen.

To determine the distanceRC , potential curves were
evaluated. These curves are obtained@20# by addition of the
MO curves of the associated active electrons. The poten
curve of the final configuration 1s2 was corrected for orbita
relaxation effects, i.e., it was shifted by a constant ene

f.

FIG. 6. Molecular-orbital energies for the system (N1Ne)71

evaluated by diagonalization of model matrix elements@27#. Data
for ~a! three and~b! five spectator electrons. The arrows labeledRC

show the crossings of the corresponding potential curves.
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4404 PRA 59C. BEDOUETet al.
due to the increase of the binding of the second electron a
removal of the first one. It is found that the quantityRC ,
which refers also to the curve crossings, is of the order of;1
a.u. At distanceRC , a simultaneous transition of the tw
active electrons can occur.

For smaller values ofnL ~nL50, 1, and 2!, no crossing
appears between the entrance channel and the 1s2 orbital of
nitrogen. Hence, the cross sections cannot be evalu
within the Landau-Zener model@24#. More accurate orbita
energies are needed to determine the contribution of the
est values ofnL .

V. CROSS SECTION CALCULATIONS AND DISCUSSION

The Landau-Zener model@24# was applied at curve cross
ings RC for the cross sectionssnL

for producing aK va-

cancy, after the removal ofnL spectator electrons (nL>3)
from the target. At a curve crossing with radiusRC the tran-
sition probability between initial state~i! and final state~f ! is
given by @17#

pi f ~b!'Nf

2puVi f u2

vR~b!DF~RC!
. ~1!

In this expression,Nf is the number of final states,b is the
impact parameter,vR is the radial velocity, andDF(RC) is a
measure for the relative inclination of the potential curves
crossingRC . The dielectronic matrix elementVi f (RC) de-
scribes the interaction at the curve crossing. It is pointed
that expression~1! is an accurate approximation to th
Landau-Zener formula @24# for small perturbations
2puVi f u2!vRDF(RC).

The quantity Vi f is defined asVi f 5^w(1s82l 8)u1/ur1
2r2uuw(1s2)&, where w(1s82l 8) and w(1s2) describe the
two active electrons located at the target and the projec
respectively. According to previous evaluations@2,17#, a rea-
sonable value of 0.05 a.u. was retained forVi f in our calcu-
lations. This value is consistent with evaluations ofVi f using
hydrogenic wave functions for both initial state 1s2l and
final state 1s2 from neon and nitrogen, respectively@35#. The
number of final statesNf may be large for open shells pro
duced by removal of outer-shell electrons during the co
sion. For example, values as high as 30 were suggested i
analysis of the 2pnl8 configurations populated during th
collision O611He @17#. Hence, a reasonable value of 10 w
taken forNf .

For finite internuclear distances, the total transfer pr
ability is obtained as

PnL
~b!52pi f ~b!@12pi f ~b!#. ~2!

Finally the cross sectionsnL
, for a fixed value ofnL , is

snL
5cnL

E
0

Rc
2pbPnL

~b!db. ~3!

The quantitycnL
is the probability for producing the numbe

nL of the spectator electrons. To evaluatecnL
, the statistical

method described in Ref.@27# was used. In the statistica
treatment, multiple vacancy is governed by a binomial d
tribution. The probabilitycnL

is expressed using binomia
er

ed

-

t

ut

e,

-
the

-

-

coefficients and depends on the single-particle probabilitypL
for the removal ofL-shell electrons. As mentioned in Se
III, the mean numbern̄L is ;3.5. Hence,pL5n̄L/7 is nearly
equal to 0.5. This result is consistent with the picture th
during the formation of the quasi-molecule, theL-shell elec-
trons are located on both centers. After the collision,
electrons are shared between the two centers with e
probability (pL'0.5).

In Fig. 7 the results for the largest cross sectionssnL

(nL53 and 4! are shown as a function of the projectile v
locity. The dominance ofnL53 and 4 is consistent with the
finding that the mean numbern̄L of spectator electrons is
about 3.5~see Sec. III!. At the highest velocities investigate
here, the major cross sectionsnL

is found to originate from

nL53 ~Fig. 7!. The mean numbern̄L can be calculated a
n̄L5((nLsnL

)/(snL
. A value of about 3 is found forn̄L at

projectile velocities larger than 0.5 a.u. Hence, the exp
mental results obtained forn̄L at these velocities~Table I! are
well reproduced by the present calculations. In addition,
relative contribution ofsnL54 compared to that ofsnL53 is
found to increase significantly with decreasing projectile v
locity ~Fig. 7!. This result agrees well with the experiment
finding thatn̄L increases so as to reach a value of about 4
velocities lower than 0.1 a.u.~Table I!.

Also, in Fig. 7, the full calculation (s5(snL
) is com-

pared with the experimental cross sections for producin
neonK-shell vacancy. We note a reasonable agreement
tween the calculation and the experimental results, since

FIG. 7. Experimental cross sections~squares! associated with
the production of a neonK vacancy. Dashed lines and full lin
represent the different contributionssnL

~nL53 and 4! and their
sum, respectively, obtained from model calculations described
Sec. IV.



e
ri-
rg
-

n
al
a
o

as
ta
n
i

c-
lly
a
m
e
s

of
os

e
c
w

pr
he
it

ss
-

lec-
on
een
con-
c-
is
d

n is

lcu-
ent

ion
the
ed

, it

s in
up-
ams
OL
f
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differences between calculation and experiment do not
ceed a factor of;2. The calculated as well as the expe
mental cross sections are found to remain relatively la
@;(1 – 2)310217cm2# when the projectile velocity de
creases from 0.7 a.u. down to 0.1 a.u.~Fig. 7!. As qualita-
tively suggested by the present calculations, the experime
data show that the cross sections are likely to become sm
only at velocities lower than 0.1 a.u. Hence, the present d
clearly show that dielectronic excitation is an efficient pr
cess for producingK-shell vacancies at impact velocities
low as a few tenths of an atomic unit. Further experimen
effort is needed to investigate the importance of dielectro
excitation at velocities lower than one-tenth of an atom
unit.

VI. CONCLUSION

In this work K-shell vacancy production due to diele
tronic excitation is studied experimentally and theoretica
The present study is performed for collisions between b
N71 ions and Ne atoms. Projectile velocities ranging fro
;0.1 to 0.7 a.u. are investigated. The method of Aug
electron spectroscopy was used to measure cross section
producing aK-shell vacancy in the multielectron target
Ne. At the low impact velocities investigated here, the cr
sections are shown to be of the order of 10217cm2. Since
single excitation or ionization plays a negligible role at v
locities as low as a few tenths of an a.u., dielectronic ex
tation governed by the electron-electron interaction is sho
to be the unique mechanism that is responsible for the
duction of K-shell vacancies in the present collisions. T
remarkable feature is that the process of dielectronic exc
on
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tion is sufficient enough to give rise to relatively large cro
sections for producingK-shell vacancies in very slow ion
atom collisions.

The mechanisms for the creation of aK vacancy in the
target are discussed under the perspective of dynamic e
tron correlation effects. The discussion is based
molecular-orbital diagrams. From these diagrams, it is s
that the transfer of spectator electrons creates resonance
ditions for the transfer of two active electrons via diele
tronic excitation. It is found that dielectronic excitation
particularly favored when;3 target electrons are transferre
into an excited state of the projectile.

Using the Landau-Zener model@24# for a number of spec-
tator electrons larger than 2, a relatively large cross sectio
found for K-vacancy production. For smaller values ofnL ,
the Landau-Zener model cannot be applied. However, ca
lated total cross sections are in reasonably good agreem
with experiment. Observed deviations for total cross sect
are mostly due to collisional parameters introduced in
model calculation. Improved theoretical work is thus need
to characterize the dielectronic process. In particular
would be of great interest to distinguish the role of the 2s-
and 2p-target electrons.
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