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Different contributions to radiative stabilization in A& +He collisions at projectile energies of 10 and 150
keV are studied. For both energies, radiative stabilization is found to be eqead.® when referred to the
total double capture. In N8" +He collisions doubly excited stated¢r8’ and 4nl’ (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
3Inl" and 4nl’(n=4,5). Another major contributiori0.10—0.2% to stabilization is due to the decay of
configurations &1’ (n=6) of nonequivalent electrons produced by the dielectronic process of autoexcitation.
A small contribution is found to be due to the configuratiohs|3 (n>9) created by dielectronic phenomena
in the postcollisional and asymptotic regions @.04).[S1050-294706)06606-1

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

I. INTRODUCTION associated with nonequivalent electron configurations are
likely to be significant.

In the past few years an increasing interest has been de- Large fluorescence yields,,: have initially been ob-
voted to double-electron capture in slow collisions of multi- tained for the radiative transitions from initial states formed
ply charged ions with neutral atomic targdts—5]. Two- by the configurations [dl’ (n=3) of the ion C** [5]. For
electron transfer results in the creation of doubly excitednstance, values ab,,; . as large as 0.8 have been found for
states due to the configurationtn’l’ of the projectile. After  the configurations 71" of the ion C**. It is emphasized that
the collision, the doubly excited states decay either by Augethe creation of these configurations during the collision is
electron emission or by photon emission. The photon emiseaused by the dielectronic process of autoexcitatiak)
sion gives rise to the radiative stabilization of the electrons ainvolving the transfer of the electrons to high Rydberg states
the projectile ions. Radiative and nonradiative decay pro{4,5,15. Thus it has previously been shown that radiative
cesses allow the investigation of the double-capture prostabilization plays an important role for double-capture pro-
cesses by means of photon spectroscdyy], translational cesses into multicharged ions since the population of non-
spectroscopy{8], and Auger-electron spectroscop¥,4,5.  equivalent electron configurations is importf&t.

These methods have extensively been used to measure crossRecently, several experiments have been performed to
sections for populating doubly excited states in many colli-study other radiative stabilization mechanisi&16,17.

sion systems. Moreover, the mechanisms for radiative stabRoncin and co-worker§8,17] and Gaboriaud, Roncin, and
lization of doubly excited states in few-electron systemsBarat[16] quoted that radiative-decay branches are relatively
have been the subject of several studies and extensive dirge for equivalent electron configurations in many systems.
cussiong5,9-13. To explain such large contributions to radiative decay, Ron-

For the analysis of radiative stabilization, it is useful to cin and co-worker$17] and Bachau, Roncin, and Hafél0]
consider two categories of doubly excited configurationshave proposed a postcollisional autoexcitation process, re-
nin’l’, i.e., involving (nea) equivalent electronsni=n") ferred to as autotransfer to Rydberg sta#@®$R), where the
and nonequivalent electrona’en). (In the following, con-  two-electron transition occurs at one atomic center. How-
figurations of near-equivalent electrons are also referred to asver, these authors found that the experimental values for
equivalent electron configuratiopdn the case of equivalent radiative stabilization are generally higher than those ex-
electron configurations, the Auger yiedd,,/-1, , attributed  pected from ATR. To understand this finding, Kazansky and
to the statenIn’l’!L, is dominant and, hence the related Roncin[18] suggested an enhancement of ATR due to the
fluorescence vyield is rather weak. This has been verified bproduction of Rydberg states with high angular momenta. In
van der Hart and Hansdri4] for the configurations I31’ this work we will show that other dielectronic processes have
and 341’ of C*" ions. The situation is quite different for to be considered to explain the high amount of radiative
nonequivalent electron configurations which include a corestabilization.
electron and a high-lying Rydberg electron. In this case, due It should be noted that in their previous work Roncin and
to the small overlap of the corresponding wave functions, theo-workers[17] and Bachau, Roncin, and Hardl0] have
interaction between the electrons is reduced. Therefore thgystematically neglected other dielectronic processes produc-
probability for an independent two-electron decay by photoring nonequivalent electron configurations. Thus they have
emission becomes considerable. Hence fluorescence yielgéven the impression that the postcollisional ATR process is
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o FIG. 1. Diagram of the differ-
— s, Y ent contributions to stabilization
for the system N&'+He. Four
mechanisms are presented: An un-
— D, yX correlated two-step proces@n-
clined arrow$ and three types of
dielectronic processeyertical ar-
5t rows). As shown for the case of
4141', the configurations of
equivalent or near-equivalent elec-
44 trons are dominantly populated by
- | uncorrelated two-step transfers.
I Configurations of nonequivalent
He(15%) electrons(such as, e.g.,IBl") are
created by collisional autoexcita-
tion of the projectile. The configu-
rations 3nl’ with n>9 are pro-
duced either by the postcollisional
v v process ATR or the asymptotic
3 configuration mixing Cl. Stabiliza-
tion originates from the radiative
decay of the populated states.
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the only mechanism that produces the enhancement of radigtansen20] have shown that in the asymptotic region, con-
tive stabilization. However, as previously pointed out byfiguration interaction occurs betweehdd’ and dnl’ series
Vaeck and co-workerfs19], various dielectronic mechanisms with n values being larger than 10. In the following, both
are responsible for the transfer to high Rydberg states. IATR and Cl are referred to as CI mechanisms since both of
addition to the collisional autoexcitation process observedhem are similar processes of configuration interaction be-
previously (15), atomic configuration interactiofCl) of  tween the statesl4l’ and 3nl".
equivalent electrons and nonequivalent electrons may en- Until today no complete study has been performed to ana-
hance stabilizatior9,19,24. Recently, this latter phenom- Iy_z_e q_uant|tat|vely the different contrlbutlons_ to radlatlvg sta-
enon has also been included in the work byn@wz and Pilization. In the present paper an attempt is made to inves-
Bachau[21]. tigate in detail the different contributions to stabilization in
To provide more insight into the dielectronic processes, irflow Ne'®* +He collisions. In particular, the main goal of
Fig. 1 we depict schematically the mechanisms creating corflis work is the comparative study of dielectronic mecha-
figurations of equivalent and nonequivalent electrons in thdiSms which, until now, have been treated rather separately
system Né% +He. In the incident channel two electrons PY different groupg9—11]. In this way, our study combines
occupy the % orbital of the target He. During the collision, experimental cross sections and theoretical results. The ex-

independent two-electron transfers give rise to equivalenperimental method and the spectra are presented in Sec. II.
electron configurationslal’ and Anl’ with n=4 and 5 at Then, in Sec. Il the total double-capture cross sections and

intermediate internuclear distances of typically 5-10 a.ythe different contributions to radiative stabilization are evalu-

[15]. In addition, dielectronic processes create the nonated. o
equivalent electron configurationsir8’ involving high- Before the data analysis, it is useful to add a few remarks

lying Rydberg states. These dielectronic mechanisms ar@Pout notations. To date, it became common use to replace
rather similar. However, it should be emphasized that chartNe term “fluorescence yield” by “stabilization ratio”
acteristic differences occur in the ranges of populated Ryd9:10,17. We feel that the use of two different terms for the
berg statesm and the internuclear distances. same quantity introduces amb|gy|t|es in the s?udy of radia-
First, during the collision the dielectronic process of au-tiVe transition processes. In particular, the attribution of the
toexcitation creates the Rydberg statés|3 with significant ~Word “stabilization” to individual states or limited number
probabilities fom values being in the range from 6 td 15]. of states appears to be incompatible with its original sense.

Higher Rydberg statesn9) are also produced by AE: Therefore we s_hall use thg term_“fluor(_asc_epce yield” to de-
however, their populations are small as the correspondin ote the rad|at|ve.branch|_ng_ ratio fo_r. mcjmdual states. We
cross sections decrease strongly with increasing5]. Sec- hall use the notation “radlat|y € stablhzatlor]” to refer to the

ond, in the post-collisional region the ATR mechanism pro-T€an branching ratio for radiative depay with respect to the
duces two-electron transfers from the configurationti 4to  total number of populated doubly excited states.

the Rydberg seriesIBl’ with n values including the range
from about 9 to 12121]. The ATR process occurs in the
range of internuclear distances from typically 10 to 20 a.u. The experiments at 150 and 10 keV were carried out at
Moreover, Vaeck and co-workef49] and van der Hart and the 14-GHz Electron Cyclotron Resonance lon Sources at

II. EXPERIMENTAL METHOD AND SPECTRA ANALYSIS
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the Grand Acclerateur National d’'lons LourdéGANIL) in ——or
Caen and at Hahn-Meitner Instit4tMI) in Berlin, respec- 80  10kev ser[ Ne't" + e
tively. At both accelerators we used Auger-spectroscopy ap- -
paratus developed at HMI. These apparatus have been de- 60 |-
scribed beford22,23 so that only a few details are given
here. lons of 150-keV N¥* 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- 10~ 4 mbar. During operation of the gas jet, . oW L .
the residual pressure in the chamber wak0™® mbar, while 120 140 160 180
the base pressure was below< 50~ ' mbar. The fraction of Electron Energy (eV)
charge states other than the primary one present in the inci-

dent beam was estimated to be about 15%. For instance, line F'CG: 2. High-resolution spectra éf-shell Auger electrons pro-
intensities due to Li-like configuration@e., 1s3Inl") pro- duced in Né% +He collisions at projectile energies of 10 and 150

. - eV. Each peak corresponds to the Auger decay of states associated
grl:](:;;j by multiple collisions were observed to be rathe'Jv(vith aconfiguration_Bw_I’ (n=4-9. T_he peak centered gt 1SQ eV
Auéer electrons created after the collision were measure om?spo_nds to the limit of th?lﬁl’ series _and to the configurations
in a wide range of observation angles including 0° by a 41" which decay to the 21" configurations.
tandem electron spectromei{&?2,23 which consists of two by th di
electrostatic parallel-plate analyzers. The entrance analyz ! nnv DY the correspon ng aver.age
steered the electrons out of the ion beam and suppresséf9er vield a,,  calculated theoretically. The obtained
background electrons. The exit analyzer determined the erffouble-capture cross sections are given in Table 1.
ergy of the electrons with high resolution. The intrinsic reso- 1he calculations of the average Auger yields are pre-
lution of the exit analyzer was 5% within the full width at Sented in Ref[24]. Also, the principle of the theoretical
half maximum(FWHM). A constant energy resolution of 1.5 method has been _dlSCUSSGQ in dG_tall by Stoltermral_'[S]
eV was achieved by decelerating the electrons in the regiofi© that only a brief description is given here. Using the
between the analyzers, to 30 eV. Hartree-Fock code by Cowdrm5], radiative and nonradia-
Figure 2 shows typical-Auger spectra obtained for pro- tve decay rates for the statgsin’l’ yJ,) [26] were evalu-
jectile energies of 10 and 150 keV. The observation angle j&t€d to determine the associated individual Auger yields
40° with respect to the incident beam direction. The peak&nin’i’y3,- The averagé - andM-Auger yields for the con-
are attributed to the configuration$n3’ with n=4-9. The figurations 3nl’ (n=4-9 and 4nl’ (n=4-6), respec-
line group centered at 180 eV is associated with the configutively, were obtained by means of the expression
rations 441’ and the series limit of the configurations
3Inl’, which decay to the [Zl’ continuum by means of _ )
Auger transitions. Auger electrons from the configurations a”'”’_l I,Z 5 Quar (L% 7.3)80101115,, @
4Inl’ (n=5-6) have also been observed in the present ex- n

periment. The_ associated peaks dueMteAuger transitions whereQ,, (1,I",7,J,) is the probability for the production
are observed in the electron-energy range from 20 to 50 e\gf the state[nin’l’yJ,). A simple model was adopted in

The 471" Auger intensity is barely visible in the spectra.  which this probability is factorize@s,24),
To evaluate absolute cross sections from the observed

electron spectrgFig. 2), we used methods described previ- Qnn (LI, v.3,)=0a,()an (1" p(J3,)s(¥), 2)
ously[22]. First, the measured Auger spectra were integrated ’ 7 7

to determine single-differential cross secti(uhsﬁ’n,/dﬂ for  whereq,(l), g, ('), and p(J,) are the occupation prob-
Auger-electron emission attributed to a given compién’. abilities associated with the quantum numbérd’, and
Moreover, total cross sections for Auger-electron emissionJ,, respectively, and(y) is the squared coefficient of the
aﬁ’n, were evaluated by integration dfaf]"n,/dQ over the  singlet component of the intermediate coupling state
electron-emission angle. The results are given in Table I. The For details of the calculations af,(l), gn/(1"), p(J,),
absolute uncertainties for the evaluated cross sections ae®ds(vy) the reader is referred to Ref&,24]. The probabil-
about 30% and the relative uncertainties with respect to &y p(J,) was obtained by assuming a statistical population
variation of the emission angle are 20%. The experimentadf the state specified by the total angular momenfymThe
data were used to determine total double-capture cross seprobabilities g,(1) and q,.(I’) were estimated using the

40 I 3171 3inr
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3141 3151
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TABLE |. Total Auger-electron emission cross sectiafﬁn, measured for the configurations of doubly
excited statesI®l’ and 4nl’ (n=4) produced in 10- and 150-keV K& +He collisions. The experimental
uncertainties are about 20%ee text The corresponding Auger yields, ., and fluorescence yields
wn n, Which were previously calculated by means of the Cowan ¢@d¢ are also given. The average
Auger yieldsa, ,» are compared with thowﬂ, given by van der Hart, Vaeck, and Hand&9,30.

Configurations o (1071 cm?)

nin’l’ 10 keV 150 keV ann, ah, Wnn,
31417 1.25+0.25 4.070.81 0.75 0.25
3151’ 1.32+0.26 2.99-0.60 0.67 0.33
3161’ 3.77+=0.75 1.5G:0.30 0.60 0.40
3171’ 1.32=0.26 1.02:0.20 0.56 0.59 0.44
3l8l’ 0.88+0.18 0.53:0.10 0.52 0.48 0.48
3lol’ 0.44+0.09 0.33:0.07 0.47 0.48 0.53
3Inl’ (n>9) 0.44+0.09 0.41-0.08 0.45 0.55
180-eV peak 1.320.27 3.610.72

4151’ 3.64+0.73 9.80-1.96 0.91 0.94 0.09
4161’ 0.87+0.17 2.35:0.47 0.79 0.21

aSee Ref[30].

model by Burgdder, Morgenstern, and Nieha{i87]. In ac-  yields with the most accuratab initio calculations per-
cordance with experimental results of Meyatral. [28], the  formed by van der Hart, Vaeck, and Hange8,30. First, a
population of high-angular-momentum states was included¢omparison between the individual Auger yield,gnq,wy

in the diStributiOI‘qn,(l-’). Itis emphasized that the variation and results given by van der Hart and CO'WO”{%,?)(] for
of gq(1) andqy(1") with respect to the collision energy was the singlet states|&l’ shows good agreemef@4]. For the
found to be weak in the investigated range from 10 to 15Gyresent analysis, we determined average Auger yields for
If<ev.d Furéhermtr)]re, ‘the average k/]%u?jer )élelfi%,nrl Werz which the uncertainties of individual, ., are smoothed
ound to be rather insensitive to the distributi an - -

ang!) out. In Table I, typical average Auger yields ,,» are com-

gn-(1") [24]. Hence in contrast to the suggestion of Kazan- ; : ;

) . pared with the calculations performed byBaspline-based
sky 'and' Roncin(18] we co’nc'luded Fhat the choice of t.he method[29,30. Good overall agreement is obtained between
d|st.r|but|onsqn(l) anddy (1) IS uncritical for the determi- the two sets of methods. The differences between the corre-
natlo_n of the average Auger yields, ./ [24]. sponding Auger yields are smaller than 10%. It is therefore

Itis of particular interest to compare the calculated Auger.oo<onable to invoke an uncertainty of about 10% for the
average Auger yields used in this work. Since the experi-
. . ! X mental uncertainties are as large as 20%, the uncertainties for
obtained for the configurations of doubly excited statasl 3and the average Augefand fluorescendeyields provide a small

4Inl’ (n=4) produced in 10- and 150-keV N +He collisions. NN o
. ) . contribution to the uncertainties for the double-capture cross
For the evaluation of the double-capture cross sections attributed {0

the configurations 1’ (n>9) and 441’ see Sec. II. At the bot- Sections and hence play an unimportant role for the follow-

: : : ing conclusions.
tom of the table, the total cross section, including all double- L .
capture states is given for the collision energies of 10 and 150 keV, After the de_term'nat'on of the aV(_arag_e Auger yields, we
focused attention on the configuration interaction between

TABLE II. Total double-electron-capture cross sectians,

Configurations oo (10717 cm?) 4141" and dnl’ (n>9). The spectrum peak centered at 180

nin’l’ 10 keV 150 keV eV (Fig. 2 was integrated to determine the total cross sec-
tion 0?180 ev) for Auger-electron emission from the configu-

3l4l’ 1.66+0.42 5.43-1.36 rations 441" and 3nl’ with n>9. The cross section

3I5l’ 1.97+0.49 4.46-1.12 {180 vy IS @ SUMmMation over three different Auger-emission

3lel’ 6.28+1.57 2.52:0.63 contributions as follows:

3171’ 2.360.59 1.82£0.46

3l8l’ 1.69+0.42 0.96-0.24 a

3lol’ 0.93+0.23 0.7¥0.18 (180 o) = T3n>9830>9F 04 4T83n>9+ 04 (1= T)ay,.

3inl’ (n>9) 0.97-0.24 0.92-0.23 €

4141’ 1.47+0.36 5.08:1.27 In this summation, the ternorz,~¢a3,~9 accounts for the

415]" 4.00+1.00 10.76:2.69 Auger-emission cross section for the configuratiorial 3

alel’ 1.10+0.28 2970.74 (n>9) created by the collisional autoexcitation process. The
corresponding double-capture cross sectigf-g summed

O (10717 cm?) 22 43+5.61 35.638.91 overn was estimated by means of an extrapolation by fitting

the functionn™ ¢ to the intensities of the statesr@’ with




4202 J.-Y. CHESNELet al. 53

TABLE Ill. Contributions to radiative stabilization of doubly excited {eions originating from the 10-
and 150-keV Né&%" +He collisions. These contributions’ are due to the decay of the doubly excited states
nin’l which are produced by the different mechanisms. In the first column, the label “mono” refers to
mechanisms involving monoelectronic processes and AE and ClI refer to dielectronic processes. In the last
row, the fractiorS of ions Né®* which stabilize radiatively with respect to the total number of doubly excited
ions Né* is given.

Configurations Contributions to stabilizatigrf
Mechanisms nin’l’ 10 keV 150 keV
mono anl’ (n=4-5 and 4nl’ (n=4-6) 0.08+0.02 0.14-0.04
AE 3Inl’ (n=6) 0.24+0.07 0.09:0.03
Cl 4141'—=3Inl’ (n>9) 0.02-0.01 0.05:£0.02
StabilizationS 0.34+0.10 0.28£0.09

n=6-9. The double-capture cross sections 1ficr9 were perimental cross sections given in Table Il. The contributions
found to be small in comparison with the cross section asscare denoted by letters indicated in Fig. 1: The quantity
ciated with 441" (Table II). Y onoFefers to the contribution which follows from the decay
In Eq. (3), the termo41a3,~9 refers to the total cross of the near-equivalent electron configurationsini3
section for Auger emission from the Rydberg component§n=4-5 and 4nl’ (n=4-6 mainly produced by mono-
3Inl’ (n>9) created by both postcollisional and asymptoticelectronic processes. The contribution originating from the
Cl mechanisms. The quantity, 4 is the total cross section decay of the nonequivalent electron configuratiorial3
for producing the doubly excited state$44’ in the colli-  (n=6-9 created by the dielectronic process AE is referred
sional region. The quantity refers to the total fraction of the to asy’xz. The quantityy?, is the contribution to stabilization
initial 4141" population which dilutes into the nonequivalent due to photon emission from the high Rydberg stated '3

electron configurationsl&l’ by CI processes. produced in the postcollisional and asymptotic regions:
Hence the last term of the summation in HS), i.e.,
o41—1)a,,, accounts for Auger-electron emission from X Onn®nn
the components |14|’. The average Auger yield,, was Ymono™ Ot @
found to be 0.9[30]. From the results obtained for cross
Sectionso{ygy vy aNd 0'3-9, the double-capture cross sec- x _ 03n®3pn .
tion a4 4 for producing the doubly excited staté44’ in the Yae™ T ot (5a)
collisional region was determined by means of E).
Recently, Sachez and Bacha[1,3] have studied the x  044T03n9
Cl mechanisms in the case of doubly excited ionséNe Yo=——— (5b)

(o
They found that the fraction is equal to~0.6. We consider ot

this number as an upper limit estimate for the postcollisionalvhere o, is the total cross section including all double-
and asymptotic mechanisms of configuration interaction. capture states and)nyn, is the average fluorescence vyield
associated to a given configuratioin’l’ summed ovel
Ill. RESULTS AND DISCUSSION andl’ (Tables | and Il. Equation(4) refers to the uncorre-

lated two-electron transfers and E@) to the dielectronic

Tgble Ilt?lv_es éhf reﬁults T?rlthe t(ﬁ)\jt)glfﬁuble-.capture CrOS?)rocesses. It is pointed out here that the radiative stabiliza-
sec.t|ons obtained for the collisions e atimpact €N" " tion is given by the sum of the individual contributions as
ergies of 10 and 150 keV. It is seen that the cross sections for

producing the configurations of near-equivalent electrons S= y>n<mn0+ y§E+ yél_ (6)
3Inl’ and 4nl’ (n=4,5) are dominant for 150 keV,
whereas they decrease at 10 keV. On the contrary, the pro- The results obtained for the different contributions to ra-
duction of the nonequivalent electron configuratioial3  diative stabilization are given in Table Il and shown in Fig.
with n values ranging from 6 to 9 increases significantly at3. The radiative stabilization valug of the doubly excited
10 keV. At this energy, the production of nonequivalent elec-system Né®" +He is found to be about 0.30 for the impact
tron states becomes as large as that of near-equivalent elemergies of 10 and 150 keV. Within the experimental uncer-
tron states. As noted above, the observed high Rydberg statesinties, the present stabilization valugsagree with recent
3Inl’ (n=6-9 are predominantly produced in the colli- measurements performed by means of recoil ion spectros-
sional region at internuclear distance of typically 5 a.u. Thuscopy[32,33.
our study provides experimental evidence for the fact that the The contribution to radiative stabilization due to equiva-
nonequivalent electron configurationsn®’ created by the lent electron configurations is found to be of the same order
collisional autoexcitation play a significant role for radiative of magnitude as the contribution attributed to nonequivalent
stabilization. electron configurations. In the case of 150-keV'Rfet He
The different contributions to stabilization with respect to collisions, the decay of equivalent electron configurations
the total double-capture cross section were based on the egrovides the largest contribution to radiative stabilization.
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030 Nel®" +He collisions. Unfortunately, the above authors as-
10-keV Ne'0*+He [150-keV Ne'™+He sumed that the fluorescence yields,, are equal to zero for
n=<9 and become significantly large for>9. Their assump-
tions disagree with our calculated results obtaineddgy,

[24] (see also Table)l 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 componentsIBl’ (n>9) created in the postcolli-
sional region.

Configuration-interaction processes give rise to an en-
hancement of the I4l’ contribution to stabilization since
they create componentd$r’ (with n>9) which decay no-
mono AEd mono AE @ ticeably by photon emission. For instance, the fluorescence
yield w4 4 was recently found to be about 0.1 when neglect-

FIG. 3. Contnbu’uo_ns to stabilization originating from radla_ltlve ing the CI processg80]. When the configuration interaction
decay of doubly excited states produced by monoelectronic ané]etween the stated4l’ and 3nl’ (n>9) is taken into ac-
dielectronic processes in 10- and 150-keVRfetHe collisions.

The label “mono” denotes the contribution associated with thecount, this fluorescence yle_ld becomes as large as .0'25_0'35
uncorrelated processes dominantly responsible for the production £?9’35’36‘ It should b_e realized, however, th?‘t this increase
equivalent electron configurationsl’ (n=4-5 and 4nl’ of the quores_cgnqe yield plays a minor role in the toFaI bal-
(n=4-6) during the collision. The labels AE and CI refer to the 8NCe of stqblhzauon. The. cross section for producmg' the
dielectronic processes responsible for the creation of nonequivaleloubly excited state 141" is found to be rather small in
electron configurations|8l” in the collisional region, and postcol- comparison with the ¥61" and 3nl’ cross sectiongTable
lisional and asymptotic regions, respectively. I). Thus the decay of component$nd’ produced by ClI
contributes weakly to the stabilization process.
The contribution associated with the equivalent electron
states is still significant at 10 keV~0.1) (Table IlI). Fur-
thermore, although the fluorescence yiela,, (~0.1)
[29,30 is nearly equal tow,s, the 441’ contribution to In this work we report on the mechanisms responsible for
stabilization is found to be smaller than that fdi5#'. This  the production of radiative stabilization in the collision sys-
is due to the fact that the cross section for producing theem Ne'®" +He at impact energies of 10 and 150 keV. The
states 451’ is dominant in the group of equivalent electron attempt was made to provide a complete quantitative study
configurations. of the stabilization phenomenon including monoelectronic
Next, we consider the dielectronic mechanisms producingnd dielectronic effects in the electron transfer mechanisms.
configurations of nonequivalent electrons. At both energie§he different contributions to stabilization were extracted
of 10 and 150 keV a significant contribution to stabilization from experimental double-capture cross sections and theo-
originates from the configurationdr@’ (n=6) created by retical results for branching rati$$5,21,24. It is shown that
the collisional process of autoexcitation. The remarkable feathe double electron capture into the states associated with the
ture is that this AE contribution increases strongly with de-configurations &l’ (n=4) of equivalent and nonequivalent
creasing projectile velocity so as to become the major conelectrons plays a major role in the stabilization process.
tribution to stabilization(0.24) at the collision energy of 10 On the contrary, the contribution originating from the ra-
keV. On the contrary, as depicted in Fig. 3, the decay ofliative decay of the configurationd4l’ was found to be
configurations &1’ (n>9) due to postcollisional and as- rather small in comparison with thd 8’ and 3nl’ contri-
ymptotic Cl processes gives rise to the smallest contributiomutions. Nevertheless, specific attention was devoted to the
to stabilization, in particular at the projectile energy of 10decay of the configurationsl4l’, since they have been
keV. shown to interact significantly with the Rydberg configura-
Our analysis shows that the major contribution to stabili-tions 3nl’ (n>9) [20,21]. Sachez and Bacha{21,31]
zation originates from the state$n3’ with n=4 which are  have found that the total probability of population of states
populated during the collision at internuclear distances oBInl’ due to postcollisional and asymptotic mechanisms is
typically 5 a.u.(Fig. 3 and Table Il. This is in disagreement as large as 0.60. However, the decay of high Rydberg states
with the results obtained by Roncin and co-workgtg],  created in postcollisional and asymptotic regions by Cl gives
who quoted that the population of the statésl|3 during the  rise to stabilization whose contribution does not exceed 0.05.
collision is negligible. These authors stated that uniquely thé=or example, the ClI contribution is about ten times smaller
equivalent electron configurationd44’ and 451’ are pro- than the contribution attributed to the autoexcitation process
duced in 10-keV N&° +He collisions. Then, they supposed producing the configurationd®l’ during the collision at 10
that the postcollisional and asymptotic mechanisms play th&eV.
major role for the radiative stabilization. In view of our re-  For the determination of the average fluorescence and Au-
sults, their conclusions above the different contributions toger yields, we used different occupation probabilities that
stabilization are incorrect. were estimated in an approximative manf@f]. However,
Recent Auger-electron spectra measured by Bordenavéhese probabilities are found to depend only slightly on the
Montesquieuet al. [34] clearly showed that the configura- collision energy and they do not influence critically the fluo-
tions 3Anl’ with n=5 are strongly populated in 100-keV rescence yields. Therefore the major conclusions of the

Z Monoelectronic
Dielectronic

o
N
S

Contribution to Radiative Stabilization
o
)

PR R =3

0.0

IV. CONCLUSION



4204 J.-Y. CHESNELet al. 53

present study are not affected by the uncertainties of the ACKNOWLEDGMENTS

fluprescence and Auger ylelds. . We are grateful to Alain Lepoutre for providing the data-

The present work provides clear evidence that the role of.qisition computer program. We are much indebted to the
the dielectronic autoexcitation process, which occurs duringtaffs of the ECR sources in Berlin and Caen for their gen-
the collision, is substantial for the production of nonequiva-erous assistance. We would like to thank N. Vaeck, J. E.
lent electron configurations and for radiative stabilization. ItHansen, H. W. van der Hart, and H. Bachau for fruitful dis-
is evident that in future experimental and theoretical studiegussions and for providing us with their results prior to pub-
the major contributions to radiative stabilization must be addication. This work was supported by the European Collabo-
equately taken into account. ration Research Program PROCOPE.

[1] M. Boudjema, M. Cornille, J. Dubau, P. Moretto-Capelle, A. Vaeck, H. W. van der Hart, and J. E. Hansen, in R&7], p.
Bordenave-Montesquieu, P. Benoit-Catin, and A. Gleizes, J. 794.
Phys. B24, 1713(199)). [20] H. W. van der Hart and J. E. Hansen, J. Phys2B L395
[2] N. Stolterfoht, C. C. Havener, R. A. Phaneuf, J. K. Swenson, (1994).

S. M. Shafroth, and F. W. Meyer, Phys. Rev. L&, 74  [21] |. Sanchez and H. Bachau, J. Phys2B, 795 (1995.

(1986. [22] N. Stolterfoht, Z. Phys248 81 (1971); 248 92 (1971).
[3] A. N[ehaus, J. Phys. B9, 1925(1986. _ [23] A. ltoh, T. Schneider, G. Schiwietz, Z. Roller, H. Platten, G.
[4] F. Freamont, K. Sommer, D. Lecler, S. Hicham, P. Boduch, X. Nolte, D. Schneider, and N. Stolterfoht, J. Phys1& 3965
Husson, and N. Stolterfoht, Phys. Rev.48, 222 (1992. (1983

[5] N. Stolterfoht, KH Sommer, ‘]2' K.Sg\éver;sgon, C. C. Havener, and[24] H. Merabet, G. Cremer, F. Freont, J.-Y. Chesnel, and N.
F. W. Meyer, Phys. Rev. A2, 5396(1990. Stolterfoht, Phys. Rev. Ato be published

[6] ;\SA E/Iller\n?)nlNJﬁc\I]. IE;?SE:’ l\aétl:lgfi:sTP-hLusd?; Ms.elgrzu;t;i,gand [25] R. D. Cowan,The Theory of Atomic Structure and Spectra
- V1ayo, ' ' ys. ' (University of California Press, Berkeley, 1981

1987.
[7](D VZrnhet A. Chetioui, J. P. Rozet, C. Stephan, K. Wohrer [26] The calculations were performed for two-electron states
' L 5 an o - " |nIn’l’yJ,), whered, is the total angular momentum and

A. Touati, M. F. Politis, P. Bouisset, D. Hitz, and S. Dousson,

J. Phys. B22, 1603(1989. labels the states obtained within the framework of the interme-
[8] P. Roncin, M. N. Gaboriaud, and M. Barat, Europhys. Li#. diate cogpling scheme.
551 (1991. [27] J. Burgdofer, R. Morgenstern, and A. Niehaus, J. Physl®
[9] H. W. van der Hart, N. Vaeck, and J. E. Hansen, J. Phy27,B L507 (1987).
3489(1994. [28] F. W. Meyer, D. C. Griffin, C. C. Havener, M. S. Huq, R. A.
[10] H. Bachau, P. Roncin, and C. Harel, J. Phys2% L109 Phaneuf, J. K. Swenson, and N. Stolterfoht, Phys. Rev. Lett.
(1992. 60, 1821(1988.
[11] N. Stolterfoht, Phys. SciT51, 39 (1994). [29] H. W. van der Hart, N. Vaeck, and J. E. Hansen, J. Phy23,B

[12] H. Merabet, F. Frmont, J.-Y. Chesnel, G. Cremer, X. Husson, 5207 (1995.
D. Lecler, A. Lepoutre, G. Rieger, and N. Stolerfoht, Nucl. [30] J. E. Hansen, N. Vaeck, and H. W. van der Harivate com-

Instrum. Methods Phys. Res. Sect9B, 75 (1995. munication.
[13] J. P. Desclaux, Nucl. Instrum. Methods Phys. Res. Se®8,B [31] H. Bachau(private communication

18 (1995. [32] S. Martin, J. Bernard, L. Chen, A. Denis, and JsBsquelles,
[14] H. W. van der Hart and J. E. Hansen, J. Phys2® 641 Phys. Rev. A52, 1218(1995.

(1993. [33] S. Duponchel, A. Cassimi, P. Jardin, D. Hennecart, and X.
[15] F. Fremont, H. Merabet, J.-Y. Chesnel, X. Husson, A. Lep- Fléchard(private communication

outre, D. Lecler, and N. Stolterfoht, Phys. Rev.58, 3117  [34] A. Bordenave-Montesquieu, P. Moretto-Capelle, A. Gonzalez,

(19949. M. Benhenni, H. Bachau, and | 8ehez, J. Phys. B7, 4243
[16] M. N. Gaboriaud, P. Roncin, and M. Barat, J. Phys2& (1994.

L3083 (1993. [35] H. Bachau and I. S&hez, Nucl. Instrum. Methods Phys. Res
[17] P. Roncin, M. N. Gaboriaud, Z. Szilagyi, and M. BarBto- Sect. B98, 78 (1995.

ceedings of the XVIII International Conference on the Physicd36] The value of about 0.35 is obtained by calculating the summa-

of Electronic and Atomic Collisions, Aarhus, Denmark, 1993, tion (1— 7) wy 4+ Tw3 -9 Wherer is chosen to be equal to the

edited by T. Andersen, B. Fastrup, F. Folkmann, J. Knudsen, = maximum value of=0.6. Hence the number of 0.35 is an

and N. Andersen, AIP Conf. Proc. No. 29AIP, New York, upper limit estimate of the fluorescence yield associated with

1993, p. 537. the mixed asymptotic doubly excited state including compo-
[18] A. K. Kazansky, J. Phys. B5, L381 (1992; A. K. Kazansky nents 441’ and 3nl’ (n>9). In particular, this number is

and P. Roncinibid. 27, 5537(1994. slightly larger than the value of 0.3 given by van der Hart,

[19] N. Vaeck and J. E. Hansen, J. Phys2B 2977 (1993; N. Vaeck, and Hansef29].



