PHYSICAL REVIEW A VOLUME 59, NUMBER 6 JUNE 1999
Dielectronic excitation of NeK-shell electrons in 22170-keV N'* +Ne collisions
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We report on the projectile energy dependence of the cross sections for pro#uéinger electrons in
2-170-keV N*+Ne 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 taonf0
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 projectile51050-2947®9)05306-9

PACS numbd(ps): 32.80.Hd, 34.50:s

[. INTRODUCTION configurations &’'l’ (n'=4-5) are populated by mono-
electronic processd46]. However, in specific cases, it was
In the last two decades, considerable work has been deshown that configurations of near-equivalent electrons can
voted to multiple-electron capture in collisions of slow also be populated by dielectronic processes due to electron
highly charged ions on few-electron target atdrhis5]. Par-  correlation[4]. The situation is different for configurations of
ticularly, the study of double-electron capture has received aonequivalent electronsin’l’ (n’>n). The production of
great deal of attention. Mechanisms responsible for doubleuch configurations was uniquely attributed to dielectronic
capture have been extensively studied experimentally anghechanismg2]. As a recent example, for the Né+He
theoretically[2,4-11. Specific effort has been devoted to collision system at a projectile velocity of 0.5 a.u., the con-
electron correlation effect®,12,13. These effects are pro- figurations 3n’l’ (n’=6) were shown to be populated by
duced by mutual interaction of two electrons which causeslielectronic processd46].
deviations from the prediction of the independent particle Here we focus our attention on the inverse autoexcitation
model. A characteristic example of dielectronic processesprocess, also referred to dielectronic excitatiof17]. Due
associated with dynamic electron correlation, is autoexcitato electron-electron interaction, an electron from a higher-
tion, where one electron is transferred from the target to dying level is deexcited, transferring its excess energy to an-
deeper level of the projectile, while another electron is ex-other electron which, in turn, is removed from a deeper-lying
cited to a higher Rydberg state. Examples for autoexcitatiotevel. It is noted that this process is dominant at low collision
processes occurring during the collision are the processes ehergies, at which ionization and excitation fail to produce
correlated double capturéCDC) [2,6,19 and correlated inner-shell vacancies. The first indication for dielectronic ex-
transfer excitatio(CTE) [13]. citation has been provided by Afrosimet al.[18] studying
Double capture processes have been extensively analyzesk singly charged system™-Ar. Similar measurements of
in the case of a helium target. It has been commonly acvacancy creation in the shell of the heavier collision part-
cepted that, in most collision systeri4—-164, configura- ner in the collision Af +Si have also been performéi9].
tions of (near) equivalent electronaln’l’ (n’~n) can be In this latter example, a promotion of twioshell electrons
produced by independent monoelectronic transitions causesf Si occurs, so that resonance conditions are created for the
by electron-nucleus interaction. For example, in the case dhverse autoexcitation process. Thus, the two vacancies are
the system N¥*+He at a projectile velocity of 0.5 a.u., the simultaneously filled by transitions from a higher-lying or-
bital and an electron from thep2orbital of Ar. This dielec-
tronic excitation process has been confirmed by model cal-
*Present address: Department of Physics/220, University of Neculations[20].
vada, Reno, NV 89557-0058. Recently, we provided clear experimental evidence for the
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FIG. 1. Diagram of orbital energies for the systenfs MNe and N*+Ne. In N'* +Ne collisions(left diagran), resonance conditions
lead to a simultaneous transfer of a-Jand a 2-target electron by means of dielectronic excitation. This process produces target configu-
rations decaying byK Auger-electron emissiofdashed lings In N®"+Ne (right diagram, Ne K-shell excitation is unexpected, since
electron transfer from theslorbital of Ne to the % orbital of N can be excluded at low collision energies.

dielectronic excitation process when multiply charged iongure cross sections calculated by means of the Landau-Zener
are used as projectild21]. In that study, the collision sys- model[24] and associated with two different capture chan-
tem 35-keV N +Ne was investigated by means of Auger- nels for the system N&"+He are reported as a function of
electron spectroscopy. The mechanism of dielectronic exciprojectile velocity. In the case of monoelectronic transitions
tation can be understood in terms of the orbital energy-curvédashed curve in Fig.)2the coupling matrix element;; is
diagram shown in Fig. 1, which illustrates resonance condiof the order of 0.3 a.u. Thus, according to the Landau-Zener
tions for electron transfer in N+Ne and N*+Ne colli- model[24], the corresponding cross section exhibits a maxi-
sions[21]. In the incident channel, two electrons occupy themum at relatively large impact velociti€s-2 a.u. in Fig. 2.
Ne-1s orbital and eight electrons fill the Nel 2rbital. In In contrast to the monoelectronic interactions, the
both collision systems, the Neslorbital does not cross the
orbitals of the projectile. Thus, the capture of a-thrget Ne'”+ He
electron by means of single-electron transition is very un-

V,=03au.

monoelectronic

likely in both systems.
In the case of the N +Ne collision(left side of Fig. 1, it
is seen that at internuclear distances~ef a.u. resonance 77N
conditions are created for the dielectronic excitation process
in which a 4 and a & electron from the Ne target are si-
multaneously transferred into thes brbital of the N projec-
tile. The presence of twoslvacancies initially in the projec-
tile is essential for the dielectronic excitation process. Thus,
it is clear that the dielectronic excitation process is unlikely
for the N°* +Ne collision systendright side of Fig. 1 since
the 1s-projectile orbital is already occupied by one electron.
After the dielectronic excitation process in thé N-Ne
system, the target is in an excited state with a vacancy in the
K shell. Hence, the target may decay WaAuger-electron
emission. Therefore, the dielectronic process can be studied
by means of target Auger-electron spectroscopy. It is impor-
tant to note that the peaks corresponding to the dielectronic
excitation process are well separated from Auger peaks due 10
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to other mechanisms which may contribute to electron cap-
ture in N"+Ne collision[21].

such as € or Ne'°* and a He targef22,23, the relative
contribution of the dielectronic processes versus that of theollisions, as a function of impact velocity. Typical matrix elements
monoelectronic processes was shown to be significantly ertabeled V;;) for monoelectronic and dielectronic couplings are
hanced when the projectile energy decreases. In Fig. 2 cagiven.

Projectile velocity (a.u.)

| ) ) ) FIG. 2. Cross sections calculated using the Landau-Zener model
In the case of systems involving multiply charged ionssor single-electron captur@ashed curveand double-electron cap-
ture due to electron-electron interactiémll curve) in Ne'®" +He
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FIG. 3. Spectra of Auger electrons produced in 7- and 105-k&+¥e and N*-+Ne collisions at an observation angle of 150°. The
peaks in the range 0-500 eV correspond to the decay of multiexcited states of the pri@éttiltne group of peaks centered-a?10 eV
in N”"+Ne collisions is produced by dielectronic excitation, which simultaneously creates a vacancyKnstel of the target and a
transfer of a 2-target electron. It is seen that the collisiofi'N-Ne does not create & vacancy in the target.

electron-electron interaction is smaW;; is of the order of in Berlin. Higher-energy beams were achieved in Caen,
0.03 a.u.. The maximum for the cross sectioffsll line in  while beams of energies below 35 keV were produced in
Fig. 2 is thus shifted to lower impact velocities. Conse- Berlin. Beam energies lower than 10 keV were realized using
quently, dielectronic processes are likely to be dominant athe advanced beam-deceleration method installed at the ECR
very low impact velocitieg~0.05 a.u.. Thus, in the present source of HMI. lons of Ni* were extracted from the ECR
paper, the objective is to perform a comprehensive study o§ource and collimated to a diameter-e mm, with typical
the dielectronic excitation process in thé'N-Ne system at  cyrrents of about 30 nA. In the collision chamber, the beam
collision velocities from 0.67 down to 0.07 a.i.e., at im- a5 colliding with an effusive Ne-gas jet target. During the
pact energies from 170 down to 2 keV, respectiye§ince  acquisition, the pressure of3x 10 ° Torr was maintained
the K Auger emission following & neon vacancy produc- in the chamber. This pressure was sufficiently low to avoid
tion is dominan{25], the experiments were performed using myltiple charge-exchange collisions for the incident ions.
the method of Auger-electron spectroscopy. Auger electrons produced in ‘K+Ne collisions were
The paper is structured as follows. Experimental methogneasured at detection angles of 120° and 150°, with respect
and Auger spectra are presented in Sec. Il. In Sec. lll, Augef the incident beam direction, using a single stage spectrom-
emission cross sections resulting frdfnneon vacancy are eter developed at HMI which consists of an electrostatic
evaluated. Auger yields for each configuration of the 'On'zedparallel-plate analyze26]. The resolution of the analyzer
target are also determined. Average Auger yields are thefas 504 full width at half maximuniFWHM). At the exit of

orbital diagrams are given. Using these diagrams, Landayshanneltron electron multiplier.

Zener calculations were performed to evaluate cross sections Figyre 3 shows typical Auger-electron spectra for the sys-
associated with the dielectronic excitation process. From thgsms N+ and N'*+Ne at 7- and 105-keV projectile ener-

compari;on _ with expt_arimental results, the dielectronicgies_ Peaks in the energy range 20—500 eV are attributed to
mechanism is further discussed. electrons emitted by the projectil1]. As mentioned previ-
ously, double-electron capture populates configurations of
near-equivalent electronslr8’ and 4nl’ (n=4), which
give rise toL Auger electrons in the range 0-100 ¢Nig.

The measurements were carried out at the 14-GHz ele®). The line intensities in the range 200-500 eV are essen-
tron cyclotron resonancéECR) ion sources at the Grand tially due to capture into triply excited states.
Accdérateur National d’lons Lourd§GANIL) in Caen and For the particular case of the’N+Ne system, Auger
at the lonenstrahl-Labor of the Hahn-Meitner Institdtvil) peaks in the range 600—900 eV are observed at both projec-

II. EXPERIMENTAL METHOD
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FIG. 5. Mean centroid energEC (squarep of the Ne Auger

FIG. 4. Spectra of Auger electrons produced ifit MNe colli- peaks as a function of the projectile velocity. The associated mean
sions at projectile energies of 7, 35, and 105 keV. The peaks coumbern, of spectator electrons is also givénght side of the
respond to thek Auger decay of the target. Gaussian curves arefigure). The full line represents the result of the present model cal-
used to fit the spectr@ull line). From the fit procedure, the centroid culations.

energy of the peaks is deducécbrtical lineg. . . . . I
o P et ) the present systenin addition to the dielectronic excitation

process. In the following, thedeshell electrons will be re-
ferred to asspectator electronsvhile the electrons which
interact by means of dielectronic excitation will be called

tile energies. This is attributed to the occurrence of dielec
tronic excitation, where two & and 2A-target electrons are
transferred into the g-projectile orbital due to electron-

i . X active electrons
electron interactior(see Fig. 1 and Re{21]). Thus, a va- Information about the mean numbey can be extracted
cancy is created in thK shell of the target. After the colli-

sion, the target deexcites by emission df &uger electron. from the mean centr_0|d enerdyc pf th_e K Auger-electrpn

As mentioned in the Introduction, twasvacancies in the peak at the different impact velgmuemg. 4. To determine
projectile are essential for the occurrence of the dielectroni¢he experimental centroid energy, the spectra were fitted
excitation process. In the M+Ne system, a 4-projectile by Gaussian curvegig. 4). In the entire range of the studied
orbital is already occupied by one electron, so that the diProjectile velocities it is seen that the group of peaks is cen-
electronic process is impossible. It is clearly seen in Fig. 3ered at about 710 eV. From the relationship previously
that K Auger target electrons are not detected whéfi ¢ given[27], this centroid energy corresponds to mnvalue
used as a projectile. As noted previously for other collisionof about 3.5. .
systems[27], the Auger electrons from the neon target Itis also seen thaEc is shifted to lower energieig. 4)
(~700 eV are influenced by the azimuthal broadening effectwhen the projectile velocity decreases. Typically, the mea-
produced by the random direction of the recoil momentumsured shift is of the order of 10 eV when the projectile ve-
This effect is particularly large at low impact velocities, aslocity varies from 0.09 to 0.7 a.uFig. 5. Note that this
shown in Fig. 4. At 7 keV the azimuthal line broadening wasvalue is significantly larger compared to the experimental
estimated to be-18 eV at an observation angle of 150°. uncertainties of the Auger-electron energy. For example, the
Consequently, fine structures of the spectrum are not visibleaxperimental error OEC at the velocity of~0.6 a.u. was

found to be smaller than 1 eV. Hence, lag varies notice-
IIl. ANALYSIS OF THE SPECTRA ably, the mean number is found to increase from about 3
to 4 when the projectile velocity decreases from 0.7 down to
As seen in Fig. 4, the wide energy range of the Auger0.09 a.u.(Fig. 5.
spectrum(600—800 eV indicates that the spectrum exhibits ~ To obtain information on the projectile-velocity depen-
a large number of overlapping lines. These lines originatelence of the dielectronic process, Auger emission cross sec-
from the transfer oh_ L-shell target electron®=<n, <5 for  tions were determined. Single-differential cross sections
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TABLE I. Auger emission cross section$ for producing neon " 2
. . ! Ne(1 Ne(1s2¢
K vacancy in 2—-167-keV N +Ne collisions. The experimental 10 \Lﬂ)— Lu
uncertainties are about 20%ee text The mean numben, of a) b)
spectator electrons is derived from the relationship given in Ref. y \A Ny
[27]. or dsy - 4s,
/%gNe —’——/35
— 0= 55 2p,.
p (a.u) o (10—17crn2) n. ~ 1o fZSN
3 0k n
0.075 0.7-0.3 4.0 <
0.086 0.95:0.20 4.0 5 0L L 1
0.11 1.0-0.2 3.9 o 1s
0.14 2.1-0.4 3.9 £ o /
0.30 1.6-0.3 3.7 © 50 -
0.43 2204 3.7 1
0.53 1.9-0.4 3.6 ol — L 15"
0.67 1.4:0.3 36 R=12a.. /_
0 R.=0.7 a.u.
50 =
do?/dQ) for Auger-electron emission were evaluated by in-

tegration of the spectra with respect to electron energy. As-
suming an isotropic emission of the target Auger electrons, -60 t—=——nd— ol Lol e enal

total Auger-electron emission cross sectiefi was derived " Distance (a.u.)10 D:S‘ance (@u) 0
by multiplying do?/dQ by 44r. The isotropy was observed
for the particular projectile energy of 35 keV. FIG. 6. Molecular-orbital energies for the system-+Ne)’*

The results are presented in Tablg28]. The experimen- evaluated by diagonalization of model matrix elemd2g. Data
tal errors for the cross sections are estimated to be abof@r (a) three andb) five spectator electrons. The arrows labefed
+20%. These errors account for uncertainties due to statigthow the crossings of the corresponding potential curves.
tics and background subtraction. Moreover, difficulties due
to beam deflection were encountered to normalize the spectt®on effects. We plan to present the complete description of
at the projectile energies lower than 3 keV. Hence, for theseur theoretical results and a systematic comparison with the
energies the uncertainties are abai80%. Auger emission other theoretical and experimental values in futig4).
cross sections are found to slowly increase with decreasing The average Auger yiel& was determined, using a
projectile velocity in the range 0.14—-0.67 a(d-—167 keV. simple arithmetic averaging procedure. The value of about
At velocities lower than 0.14 a.u. the cross sections decreads9 was found and assumed to be independent of the colli-
significantly. sion velocity. Total cross sectiom® for producing aK va-

The radiative and nonradiative decay rates for the statesancy in the target was then evaluated by dividirffgby the
|1s21™.J) were calculated to determine the associated indiquantitya, . To explain the role of the spectator electrons
vidual Auger yieldsanL(lsZImL) for a givenn, value. The during the collision and the dependence of the cross sections

exponentm, refers to the number ofl2electrons which re- ©On the projectile velocity, calculations were performed
main on the target after the removal of the electrons and  Within the framework of molecular-orbitalMO) diagrams
the transfer of the Ractive electron. The calculations were deéscribed in the following section.
carried out using the suite of Hartree-Fo@kF) programs
yvritte_n by Cowar{29]. The_relativistic optiqn has been used_ IV. MOLECULAR ORBITALS AND POTENTIAL CURVES
in which the monoelectronic mass correction and the Darwin
term are included directly in the HF optimization of the ra- The model matrix elements that have been evaluated pre-
dial wave functions. The configuration interacti¢®l) basis ~ viously [27] within a screened hydrogenic modesHM)
set included all the configurations of the Layzer complex inwere used to evaluate tH&10) energies by means of nu-
addition to the intraconfiguration spin-orbit interaction which merical diagonalization. The results for orbitals are pre-
introduces mixing between differeh states with the same sented in Fig. 6, which refers to neon with a decreasing num-
value ofJ. We have used a perturbation approach to deterber of spectator electrons. At large internuclear distance, the
mine both the radiative and autoionization ratdsandA,). MO energies correlate to the orbital energies of N and Ne. In
The energy of the free electron used to calculate the autoiorthe entrance channel, the two active electrons occupy she 1
ization probabilities depends only on the average energy oind 2 (2s in Fig. 6) orbitals of neon. At small internuclear
the initial and final configurations. The target state is de-distances, energetic resonance conditions are created for the
scribed in a monoconfigurational approach. dielectronic excitation proce$Eigs. §a) and gb)]. There, at

A number of theoretical and experimental works have al-distanceRc, both active electrons are simultaneously trans-
ready been achieved on tKeAuger spectra of neon. Most of ferred from the target into theslorbital of nitrogen.
the theoretical works have been performed using a single To determine the distancRc, potential curves were
configuration approach either in the Hartree-Ff8®,31 or  evaluated. These curves are obtaifi2d| by addition of the
in the Dirac-Fock formalismi32,33. Some differences ap- MO curves of the associated active electrons. The potential
pear between our results and these previous calculatiorairve of the final configurationsf was corrected for orbital
which can be easily explained by the neglect of the correlarelaxation effects, i.e., it was shifted by a constant energy
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due to the increase of the binding of the second electron aftel 7r
removal of the first one. It is found that the quantiRy, i mie
which refers also to the curve crossings, is of the order bf

a.u. At distanceR., a simultaneous transition of the two
active electrons can occur.

For smaller values of, (n =0, 1, and 2, no crossing +
appears between the entrance channel and sherbital of — i +
nitrogen. Hence, the cross sections cannot be evaluate(§ +
within the Landau-Zener mod¢R4]. More accurate orbital
energies are needed to determine the contribution of the low-
est values oh, .

-17

10

V. CROSS SECTION CALCULATIONS AND DISCUSSION

The Landau-Zener modg24] was applied at curve cross-
ings R for the cross :sectionenL for producing aK va-

cancy, after the removal af, spectator electronsn(=3)
from the target. At a curve crossing with radig the tran-
sition probability between initial staig¢) and final statéf) is
given by[17]

Emission cross section (

27T|Vif|2
(2)

pif(b)*me- 10 |

In this expressionlN; is the number of final stateb, is the 00 01 02 03 04 05 06 07 08
impact parametei is the radial velocity, andF(R¢) is a Projectile velocity (a.u.)
measure for the relative inclination of the potential curves at
crossingRc. The dielectronic matrix element;;(Rc) de-
scribes the interaction at the curve crossing. It is pointed o
that expression(1) is an accurate approximation to the
Landau-Zener formula[24] for small perturbations
27| Vi|><vrAF(Re).

The quantity Vi¢ is defined asVii=(¢(1s'21")[1/r1  cpefficients and depends on the single-particle probalility

2 1o’ 2 i
—12ll¢(1s%)), where o(1s'2l") and ¢(1s) describe the o the removal ofL-shell electrons. As mentioned in Sec.
two active electrons located at the target and the projectilgy| the mean numben, is ~3.5. Hencep, =1, /7 is nearly

respectively. According to previous evaluatid@sl7), area-  equal to 0.5. This result is consistent with the picture that,
sonable value of 0.05 a.u. was retainedVor in our calcu-  qyring the formation of the quasi-molecule, theshell elec-
lations. This value is consistent with evaluation$/@fusing  {ons are located on both centers. After the collision, the

hydrogenic wave functions for both initial states2l and  glectrons are shared between the two centers with equal
final state 5? from neon and nitrogen, respectivgBs]. The probability (p_ ~0.5).

duced by removal of outer-shell electrons during the colli-, d h f . fth el
sion. For example, values as high as 30 were suggested in trﬁBL.‘S and 4 are shown as a unctlo_n oft € prolec_n € ve-
: ’ locity. The dominance ofi, =3 and 4 is consistent with the

analysis of the pnl’ configurations populated during the finding that the mean number_ of spectator electrons is

e +
collision 0" +He[17]. Hence, a reasonable value of 10 Was about 3.5(see Sec. I At the highest velocities investigated

taken forNs . . . . -
For finite internuclear distances, the total transfer prob-here’ the major cross section, Is found to originate from

FIG. 7. Experimental cross sectiofsquareys associated with
utpe production of a neol vacancy. Dashed lines and full line
represent the different contributiom&L (n_,=3 and 4 and their
sum, respectively, obtained from model calculations described in
Sec. IV.

ability is obtained as n =3 (Fig. 7). The mean numben can.be calculated as
nLZE(nLonL)/EanL. A value of about 3 is found fon, at
Pn, (D)=2pis(b)[1—pis(b)]. (2)  projectile velocities larger than 0.5 a.u. Hence, the experi-
_ . _ _ mental results obtained for_ at these velocitiegTable ) are
Finally the cross sectiomr, , for a fixed value of, is well reproduced by the present calculations. In addition, the
o relative contribution OfffnL=4 compared to that otrang is
on =Cp, f ‘omb P, (b)db. (3)  found to increase significantly with decreasing projectile ve-
tJo - locity (Fig. 7). This result agrees well with the experimental

. ) . . finding thatn,_ increases so as to reach a value of about 4 at
The quantityc, is the probability for producing the number yg|qcities lower than 0.1 a.¢Table ).

n. of the spectator electrons. To evaluatg, the statistical Also, in Fig. 7, the full calculation¢=X¢y ) is com-

method described in Ref27] was used. In the statistical pared with the experimental cross sections for producing a
treatment, multiple vacancy is governed by a binomial disneonK-shell vacancy. We note a reasonable agreement be-
tribution. The probabilitycnL is expressed using binomial tween the calculation and the experimental results, since the
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differences between calculation and experiment do not extion is sufficient enough to give rise to relatively large cross
ceed a factor oF~2. The calculated as well as the experi- sections for producingl-shell vacancies in very slow ion-
mental cross sections are found to remain relatively largatom collisions.
[~(1-2)x10"Ycn?] when the projectile velocity de- The mechanisms for the creation ofkavacancy in the
creases from 0.7 a.u. down to 0.1 a(big. 7). As qualita- target are discussed under the perspective of dynamic elec-
tively suggested by the present calculations, the experimentédon correlation effects. The discussion is based on
data show that the cross sections are likely to become smallenolecular-orbital diagrams. From these diagrams, it is seen
only at velocities lower than 0.1 a.u. Hence, the present dattnat the transfer of spectator electrons creates resonance con-
clearly show that dielectronic excitation is an efficient pro-ditions for the transfer of two active electrons via dielec-
cess for producind-shell vacancies at impact velocities as tronic excitation. It is found that dielectronic excitation is
low as a few tenths of an atomic unit. Further experimentaparticularly favored when-3 target electrons are transferred
effort is needed to investigate the importance of dielectroniénto an excited state of the projectile.
excitation at velocities lower than one-tenth of an atomic Using the Landau-Zener mode&l4] for a number of spec-
unit. tator electrons larger than 2, a relatively large cross section is
found for K-vacancy production. For smaller valuesrgf,
VI. CONCLUSION the Landau-Zener model cannot be applied. However, calcu-
) ) ) lated total cross sections are in reasonably good agreement
In this work K-shell vacancy production due to dielec- \yith experiment. Observed deviations for total cross section
tronic excitation is ;tud|ed expenmental!y_ and theoretically.g e mostly due to collisional parameters introduced in the
The present study is performed for collisions between bargyodel calculation. Improved theoretical work is thus needed
N’" ions and Ne atoms. Projectile velocities ranging fromiq characterize the dielectronic process. In particular, it

~0.1 to 0.7 a.u. are investigated. The method of Augeryould be of great interest to distinguish the role of the 2
electron spectroscopy was used to measure Cross sections {{q oo-target electrons.

producing aK-shell vacancy in the multielectron target of

Ne. At the low impact velocities investigated here, the cross

sections are shown to be of the order of 1cn?. Since ACKNOWLEDGMENTS
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