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Single and double electron capture ifi"G-He collisions at energies ranging from 9 to 90 keV have been
investigated using recoil ion momentum spectroscopy. Doubly differential cross-section measurements allow
the identification of the processes involved in the electron transfer. For single captiege relative popu-
lations and projectile scattering angle distributions are given and compared to previous calculations. A satis-
fying simple model calculation is proposed. The cross sections for the transfer excitation process are found to
be smaller than the calculated cross sections. In the case of double capture, the autoionizing double capture
dominates and populates the symmetric staté(2l21’), while the true double capture mainly gives rise to
C3*(2Inl") (n>2) configurations. In addition to experimental relative populations and stabilization ratios, the
Q-value resolution enables us to show the processes involved in the population of the diffé2tht {@ms.

These processes, which are correlated double capture and correlated transfer excitation, are found to depend
strongly on the collision energyS1050-294{©9)00911-7

PACS numbg(s): 34.70:+e, 34.50.Fa

I. INTRODUCTION vide a further discussion of SC, ADC, and TDC in light of
experimental doubly differential cross sections obtained by
Single and double electron capture have been heaviliRIMS in the energy range 9-90 keV. After a description of
studied in recent decades. Recoil ion momentum spectroghe experimental setup, we will discuss our results concern-
copy (RIMS) has been proven to be a relevant technique tdng the following processes:
study the electron capture process with refined details on an
unprecedentedly achieved energy raride?]. One of its
prominent merits is that it can identify the final states in spite
of whether the projectile is charged or neutral after the col-
lision [3]. This technique has renewed the interest for such
studies and should lead to a better understanding of the dif-

C5"+He—C*"+He", SC,
—C*"+He'", TE, D

C* +He—-C3¥ " +He** =C*" +He? +e, ADC,

ferent interactions part'|C|pat|n'g in thg ele.ctrqn'tranifér L 4 HE - C¥ +HE +hy, TDC.

The electron-electron interaction, which is difficult to take )

into account in the calculation, has recently been the subject .

of three theoretical studies concerning"@n He collisions We compare our data to our calculation, to calculations of

[5-7]. Single and double capture cross sections have bednfitsch and Lin6] and Hansen and Taulbjefd], and also to
calculated either in the framework of a semiclassical closethe measurement of Khemlicte al. [15].
coupling descriptiori6] or a simple coupled-channel model
with correlated double capture sta{féq. Discrepancies be-
tween these two calculations arise due to an improved rep- The " projectile is provided by a 14 GHz electron cy-
resentation of the 4 core, according t¢6]. The author§6]  clotron resonanc€éECR) ion source of the Grand Actaa-
were also able to derive transfer-excitatiOfE) cross sec- teur National D’lons Lourd§GANIL, Caen, France[16].
tions, which is a two-electron process. The beam is collimated by a 6Q@m aperture located at the
Experimental data are too scarce to allow much comparientrance of the spectrometer and two pairs of slits 3 m up-
son with these theoretical predictions. Up to now, only par-stream. The ion beam crosses the target supersonic jet at the
tial results have been givdB8—15|. The single capturéSC) center of the spectrometer. In the first generation of RIMS,
is thus known to populate mainly=3 state from transla- uniform electric fields were used and the resolution was lim-
tional energy gain experiment$0] and photon spectroscopy ited by the geometrical dimensions of the collision region
[11]. Concerning double electron capture, only the autoion{overlap between the ion beam and the supersonic gas jet
izing double capturd ADC) has been studied by electron [1]. The momentum resolution has been improved by using a
spectroscopy and the populated configurations identifiedionuniform electric field to extract the recoil ions and fo-
[12—-15. However, no complete set of data concerning SCgcuses ions with the same velocity on the position sensitive
ADC, and true double captuf@DC) relative cross sections detector, whatever the starting poJdf7]. The extraction re-
for populating the different configurations and projectile gion is followed by a field-free region in order to ensure the
scattering angle exists. The aim of this work is thus to protime focusing conditioi1]. Finally, the recoil ions are post-

Il. EXPERIMENTAL SETUP
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TABLE Il. Experimental SC relative cross sections for the

80000 5t o
C°>"-He collision (%).

60000

20000 I Peak State 90 keV 30 keV 9 keV

Counts

f,g,h n=2 6.2£0.5 2707 0=0.4
b n=3 87.1+3.7 93.2:4.1 97.5-3.1
a n=4 3.3£1.3 0.-0.5 0.0:0.4
cd.e TE 3.4+2.4 4.1+1.9 2518
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20000
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10000
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Pri(Pr.) is the recoil ion longitudinaltransversg mo-
mentum.Py is the projectile longitudinal momenturi,, is
the velocity of the projectile, and, is the number of cap-
tured electrons. Th&) value corresponds to the potential
energy released as the kinetic energy and thus contains in-
I formation on the state populated on the projectile by the
20 -10 0 10 20 30 40 50 60 70 80 capture process. In the particular case of ®n He, the
Q value (eV) resolution is high enough to separate different configura-
_ . tions. It reached resolutiondull width at half maximum
5+FIG. 1. Experlmen_tal single c_aptur@-value spectra for the (FWHM)] of 4.5 eV for single capture and 7.4 eV for double
C>"-He system. The different configurations,,c,...) andcorre- capture.

spondingQ values are given in Table I. The calibration of theQ-value spectra is deduced first
accelerated toward the detector, so that the detection efffirough the geometrical characteristics of the spectrometer.
ciency is independent of the charge state of the ion. After thd hen, since th&-value spectra are made of well-separated
collision, the projectile ions are charge-analyzed using apeaks, the pallbratlon and_|dent|f|cat|on are refined using the
electrostatic deflector associated with a second position segtate energies calculated, in our case, with the code of Cowan
sitive detector. For each capture event, the time of flight an§18l
the impact position of the recoil ion together with the pro-
jectile position are recorded by a list mode data acquisition. Ill. RESULTS AND DISCUSSION
The two first quantities give access directly to the recoil ion
longitudinal Pg, and transversePz, momentum compo-
nents.

The principle of RIMS relies on the relationship between

60000
40000

20000

Counts

In this section, we present experimental relative differen-
tial cross sections and projectile scattering angle distributions
for single capture, transfer excitation, and double capture,
the recoil ion momentum and two important quantities:Ghe and a theo_retlcal calculatlo_n for single capture. Three sets of

data are given corresponding t6'Con He at 9, 30, and 90

value of the reaction and the projectile scattering amgle % . .

Kinetically, the capture process may be viewed as an inkeV collision energy. The cross sections are derived from the
elastic two-body collision. It is thus straightforward to show Q-Valué spectra after a fitting procedure, in which the line
that, for small scattering angles, shape corresponds to the spectrometer resp@wetermined

from a pure and separated single capture peakl the line

chS position is imposed to the theoretical expectation. Great care
Q=—Pg/Vp— BCEE ©)
TABLE |. Different configurations and) values involved in 41 -
single electron capture and transfer excitation for tfié-Be sys- =
tem. g
& ot 4
Peak Configuration Qvalue(eV) Process E
a  C*is4l ~3.4 sc £ or -
b C*"1s3p(*PY%),C*1s3d(°D), 13.02 e 3
C*1s3s(39) g Ll i
c C**1s2p(*P) + Hel 2l 18.89 TE <
d C*1s2p(3P) + He' " 2 22.38 TE a
e C*1s2s(3S) + He' 2l 27.82 TE I — —7
f C4+152p(lpo) 59.68 SC Internuclear Distance R (a.u.)
g C*1s2p(3PY) 63.2 SC
h C*1s2s(3S) 68.6 SC FIG. 2. Diabatic potential curves of SC for thé'GHe system.

EC is the entrance channel.
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TABLE lIl. SC theoretical result¢relative cross section excluding TEompared to experimental values
for the &"-He collision (%).

90 keV 30 keV 9 keV
Peak State Expt. Theory Expt. Theory Expt. Theory
f,g,h n=2 6.5-0.5 6.42 2.80.7 1.44 0.a:0.4 0.005
b n=3 90.1+3.8 90.91 97.24.3 98.07 106:3.2 99.99
a n=4 3.4+1.3 2.67 0.a0.5 0.49 0.a:0.4 0.008

has been taken in the calculation of errors, the origins ofre given in Fig. 2. The EC crosses the=3 channel at
which are the collection efficiency correction, deconvolution,about 8 a.u. and the=2 channel at about 1.5 a.u., but does

statistics, and background substraction. not cross then=4 channel except at very small internuclear
distance where these diabatic potential curves fail to depict
A. Single electron capture(SC) the real situation.

i ) The exchange interactions are taken from Olson and Sa-
From theQ-value spectrdFig. 1), for the different con- lop [23]:

figurations(listed in Table }, the differential cross sections
populated during the collision were extraci@able 1l). The 9.13
spectra show that RIMS is able to give information not only Hij= ( —) exp{ —13.32R
on the configurations but also on the relative intensities of \/a
the terms involved in the capture procébgy. 1). ) ) o
More than 87% of the single capture takes place inNhe The formula was derived tp estimate the coupling interac-
shell C**(3l) as predicted by current moddlsandau-Zener tion at the crossingR; of a single electron capture energy
calculation[19], over the barrier moddl20]), and already ~Curve with the initial-state energy curve. Such a formula is
observed by[10]. Also visible in the spectrdFig. 1), the Used here foiR#R.. ProvidedR is not too small, some
reaction window width increases as the collision energy idustification is obtained fr_ogg the fact that in the asymptotic
raised[21]: Capture in thel shell [C**(21)] and N shell  'egionH;; behaves afk®e™>" (a andb are constanjs/24],
[C**(41)] gains importance from 9 to 90 keV. which is domlnated by the exponential term. '
The electron capture on the*Q(4l) state may not be The_lnterac_tlonsk-lij qorrespond to the following elements
understood in the Landau-Zener image of the collision sinc®f the interaction matrix:
no crossing exists between the=4 and the entrance chan- EC n=2 n=3 n=4
nels(Fig. 2). We developed a simple coupled channel calcu-
lation in order to reproduce the population of this state. Com-
parison of the experimental and calculated scattering angle

ZUI) 1/2

)

EC [ Vi Hipp Hiz Hy

distributions should shed light on the location of the transi- n=2f Hyp V, 0 0 (8)
tion. n=3{ Hiz 0 V3 0 [~
In this model, the diabatic potentials taken into account n=4\Hy, O 0 V
are
In order to evaluate each contribution to the SC process,
B aq? 4 Zned we solved the four coupled-channel equations in the frame-
Vi(R)=— W[l_ exp(BR) ]+ R work of the impact parameter method using HaPA code
[25]. The radial coupling, the rotational coupling, and the
Xexp(—«,1R), entrance channglEC), (5)
(9-1)  Zudg—1) - N 1
Vn(R)_ R + R 90keV | 03 F L

Xexp—kgR)—Q(n), SC into n state.(6)

pp(p)

A Meyer-Born type repulsive potential is used to account
for the core-core interaction at short internuclear distance,
where k;=+/2U; and kg=+/2U,, U] and U} are the ion-
ization potential of He and Hg Q(n) is theQ value for the
n state,Zy is the nuclear charge of H&Z(;,,.=2), andq is 00 =
the charge of the projectilegE&5). . s . el

Polarization energy is included in the entrance channel o : 1
(EC), in which &= 1.37m3 is the polarizability of the helium p(au)
atom andB=0.28, " [22] is a “cutoff’ parameter intro- FIG. 3. Impact parametép) dependent SC transition probabili-

duced to avoid the divergence of the polarization potential atiespP(p) calculated within our model for the®¢t-He system at 90
small internuclear distand® These diabatic potential curves keV collision energy.
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FIG. 4. Cross section ratios betweer2 and 3 single capture
for the C*-He system®, our experimental datd], calculation by : 4
. S . . FIG. 6. Same as Fig. 5 for the*C(2l) channel.
our model;O, Fritsch and Lin[6]; A, Tauljberg and Hansefv]. 9 @)

electron translation factor were neglected. The calculation Our model also gives the scattering angle distribution,
results are compared with our experimental values in Tablevhich may be compared to the experimental measurements.
ll. The good agreement for the cross sections allows som&or the main channel, capture it @3l), a good agreement
confidence for the calculated scattering angle distributions.is shown in Fig. 5. An oscillatory behavior is evidenced by

The transition probability to the=4 state is predicted to the distribution at 30 keV, which is also reproduced by our
take place at small impact parametérs-3 a.u) (Fig. 3). For  simple model. These oscillations correspond to interference
n=2 and 3, the maximum probability agrees with the loca-petween different pathways and are known as Stuckelberg
tion of the curve crossing&=ig. 2). oscillations[26].

A first test is to compare the experimental ratio of the Figure 6 shows the same comparison for capture on the
highest capture cross sections, nameifn=2)/oc(n=3)  C**(2l) state at 90 keV. Two peaks are observed in agree-
(without TE, which has not been taken into account byment with the model prediction. The prediction by our
Hansen and Taulbjerd]), to the calculation$6,7] and this  simple model does not work for smalté values. This
model. Figure 4 shows that the measurements lie in betweestheme could be due to the competition between the single
the theoretical predictions obtained by Fritsch and [8hy  and double capture channel. The profound mechanism in-
Hansen and Taulbjerig’], and our simple model. volved in this angular distribution should be explored by a
further theoretical calculation, which should simultaneously

I ' ' ' ' include single and double electron capture in the model.
12000 Capture in ¢*(4l) is observed only at 90 keV. Again our
2 a0 angle distribution calculation is in rather good agreement
§ with the measuremertFig. 7). The peaks visible in the dis-
O 4000 tribution are much wider than for the=3 channel. This
behavior is not surprising since time=4 energy curve does
0 not cross the entrance channel; there is no localized crossing
6000 between these two curves. The measured afiaitge valug
I confirms the predicted population of this state at small im-
g 4000 pact parameter&-ig. 3.
=
S 2000
400 T T T T T T T T
0
90keV n=4
£ 300 - i
12000 -
9 keV n=3
2 5000 [} 4
g ‘E 200 .
8 4000 3
1 &S]
100 4 o
0 n n 1 n 1 1 rn
0 10 20 30 40 50
E 6 (eV rad) 0 i
FIG. 5. Projectile scattering angle distribution of the 50 0 50 100 150 200 250 300 350 400
SC C**(3l) channel. The full lines are the results calculated within EO (eV rad)

our model.E is the collision energyp is the projectile scattering
angle. FIG. 7. Same as Fig. 5 for the*C(4l) channel.



3698 HUALIN ZHANG et al. PRA 60

100 1200

T 4 T d T T T

T T T
2inl(n>2) ' )
1000 — i

sl i [ 90keV

9keV TE
60 |- 4

LY
Counts

g T A _
of M | \‘J%W'V]%V'V\&\M......AM ....... i O |
o ’ E0 &V ra;;‘w B wof AR ]

FIG. 8. Projectile scattering angle distribution for the transfer
excitation[ C**(21) + He' (21")] channel.
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B. Transfer excitation (TE)

Another process is evidenced by the experimental spectra.
The transfer excitatiof TE), a two-electron process, corre- Q Value (eV)
sponds to the capture of one electron on the projectile
C**(21) with excitation of the remaining target electron Di
He"(2l") in our case. The associated relative cross sectioai
does not change much with the collision enetg8y5% at 9
keV, 4.1% at 30 keV, and 3.4% at 90 ke{Table Il). This ) )
process has been estimated theoretiddly but higher val- nuclear distances. Thus, it seems not to be correct enough to
ues have been present&i7% at 9 keV, 9.7% at 30 kev, take into account theslelectron only through a model po-
and 11.4% at 90 ke) In this calculation, the authors men- tential.
tioned that TE takes place mainly at a small impact param- The TE scattering angle distribution shows large scatter-
eter(0.1-1.3 a.y. In this impact parameter range, the resultsing angles associated to small impact parameteig. 8),
must be very sensitive to the description of the projectide 1 which confirms the previous predictiofi§]. At these small
core, which may play an important role at such small interimpact parameters, target excitation may be explained by a

FIG. 10. Measured TD@-value spectra for theC-He system.
fferent configurationsd,b,c,...) andcorresponding@ values are
ven in Table IV.

16000 I I I I I 3
14000 | 90keV ]
12000 [ ]
@ 10000:_ ]
g so00f ] TABLE V. Different configurations and values involved in
6000 [ 3inrm=3) B
© | — E double electron capture for the GHe system.
2000 J
ool 1 Peak Configuration Q value(eV)
6000 | a C®"1s3dnl (n~x) -26
2 - b C3"1s3d? -13.2
g c C%*1s3s? ~7.88
© 2000 d C3*1s2pnl (n~) 11.8
. e C3*1s2psl 17.2
I f C*"1s2p(3PY%)4f(2D) 23.0
8000 g C3*1s2s(3S)4d(%D) 27.9
6000 h C**1s2p(*P%3d(?D) 30.5
g 000 [ C3*1s2s(1S)3d(?D) 34.2
S . j C%"1s2s(3S)3d(?D) 38.9
2000
[ k C* 1s25(%S)3p(*P°) 413
’ | C¥1s2p?(%S) 64.5
3+ 2(2
Q Value (V) m C°"1s2p“(“D) 71.0
n C3*1s2s2p(?PY) 74.0
FIG. 9. Measured AD@-value spectra for the C-He system. o C3"1s2s2p(“PY) 83.5
Different configurationsd,b,c,...) andcorresponding values are  p C3"1s25%(%S) 86.6

given in Table IV.
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TABLE V. ADC relative cross sections for the’GHe collision (%).

Peak Configuration 90 keV 30 keV 9 keV
0,p 1525%(%S); 1s2s2p(*P%) 6.8+1.0 3.3r1.1 3.0:2.8

n 1s2s2p(2P%) 30.5-1.0 19.1-1.1 3.8-3.7

m 1s2p?(?D) 18.8+2.2 20.1-1.5 11.8-5.0
I 1s2p?(?9) 5.1+2.2 20.6-1.5 43.6-5.0
d—k 1s2Inl’ (n=3) 28.6+3.3 26.1-6.7 29.1-9.4
a,b,c 1s3Inl" (n=3) 3.4x1.2 0 0

“recapture” of one of the two molecular electrons by the weakly on the collision energy.
target. Double capture on (121') states is the only one for
which calculations have been performgg,7]. Since we

C. Double electron capture(DC) measure only relative cross sections, we compare the theo-
retical and experimental values through the dominant double
and single capture channel ratio, namely
a[C3¥*(2121")]/a[C*(3])]. Figure 12 shows that our re-
sults agree withi6] at 9 and 90 keV collision energy but with
e[7] at 30 keV. The experimental values lie in between the
two calculations. The experiments evidence the existence of
a maximum for this ratio around 2 keV/u, which is also
produced by 6], but at an energy around 8 keV/u.

Since the cross sections relative to the configurations
(2Inl") (n>2) are small, we only discuss here the angular
behavior of the configuration (2I') (Fig. 13, which is
mainly visible in ADC spectra. Our measured scattering
angle distributions confirm the measuremen{ by]. Due to
insufficient statistics for the TDC, we do not present any
angular distributions. Schematic diabatic potential-energy
curves are plotted in Fig. 11. The dominant single capture
channel 6= 3) together with three main double capture sub-
channels, which lead to the symmetricl22") configura-
tions labeled by, m, andn (see Table IV, are plotted.

TDC and ADC can be sorted by our RIMS by analyzing
the projectile charge state. In each ca3ejalue spectra are
measured(Figs. 9 and 10 Populated configurations are
listed in Table IV, and relative differential cross sections ar
given in Tables V and VI.

For the sake of simplicity, we avoid mentioning®'C
when we refer to the double capture configuration
C¥*(nIn’l") in the following. As seen in Figs. 9 and 10,
double electron capture populates mainlyrn(i2) states. For
ADC, capture in the (R2I') state is dominan{60% of
ADC). The measured ratios (TDKADC)/SC are 0.26
+0.03, 0.43:0.05, and 0.26:0.03 for collision energies of
90, 30, and 9 keV, respectively.

The Q-value resolution is high enough to allow estimation
of the population of the different (21') terms. In ADC, as
the collision energy decreases, the terns242p “P°,
1s52s%2S, and 1s2s2p ?P° states become weaker while the
term 1s2p?2S population increases. Thes2p??D term

population increases from 9 t.o.30 keV and then de_creases Two processes may be responsible for the double capture
between 30 and 90 keV collision energy. Concerning the .. (2121") configurations: a two-step process viaran 3

2Inl" (n=3) s_eries, the relative CToss section ?S not cha_nge ingle capture channel at an internuclear distance of about
very much with the energy. This result confirms previousg 47304 1.0 a.u(circles, or a one-step process at about 2.5
experimental results by Mariii4] and agrees with calcula- 5 ; (squares In the two-step process, first, one electron is
tlonslb)I/I[G] and([7]. _ v ob q K captured on thd/ shell (n=3) at large internuclear distance,
(3Inl") (n>3) series are only observed at 90 keV. It cany, o, this electron is excited to theshell (1=2), while the

be understood from the diabatic potential curves since the,.ond electron is captured in theshell at a smaller inter-

(3Inl") (n=3) have no crossing with the entrance and the,, qjear distance ending as bound 22) states. This pro-

other single capture channel at large internuclear distancg,sq e to dielectronic interaction is usually called the cor-

(Fig. 11). This result confirms again the deduction about reelated transfer excitatiofCTE) [27,28. In the one-ste
- i . ;298] -step
action window spreading observed by Abdalkthal. [21]. rocess, the two electrons are simultaneously captured at
TDC amounts to less than 2% of total double capture. Fo bout 2.5 a.u. It is noted that this two-electron transfer

this Rrocess, (@l") (n%S) states _dominate the Spectra. (CDCQ) is also governed by dielectronic interactif28]. An
(2121") states are weak in TDC while very strong in ADC. zernative explanation has also been proposed by Laurent
This is not surprising for this equivalent electron configura-o; 5 [29]. They invoked a mechanism involving a virtual

tion, which is expected to be strongly autoionizing. This is}ransition to the SC channel at the crossing followed by a

confirmed by the measured stabilization ratio of the order o
2.5% (Table VII). In (2I121") states, it only clearly shows
that the population of 42p?(?S) increases as the collision
energy decreases. Again, the distribution allows us to est{0)-
mate the relative cross sections of the differentn(2)
states. The populations of s2pnl (n~w), 1s2p5l,

TABLE VI. TDC relative cross section for the®C-He collision

Peak Configuration 90 keV 30 keV 9 keV

1s2p(®p%)4f(°D), 1s25(°s)3d(°D), and |-p 2121’ 07+01 1702 1501
1s2s(®*S)3p(*P°) decrease as the collision energy is de-d—k  2Inl’ (n=3) 6.1+0.7 9.1-05 7.2+05
creased. The cross section for capture 82<(°S)4d(*D), a—c  3Inl’ (n=3) 0 0 0

1s2p(P%3d(°D), and 1s2s(!S)3d(°D) states depends
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FIG. 11. Diabatic potential-energy curves of DC and SC pre- FIG. 12. Cross-section ratios between DE(I2I’) and
senting the different double capture pathwalis.one-step@®, two SC C*(3I) for the C'-He system@®, our experimental datad,
steps. |, m, and n are C*[2p%(®S)], C**[2p?(D?)], and Fritsch and Lin[6]; A, Tauljperg and Hansef7].
C3*[2s2p(?P%] DC channels, respectively; EC is entrance chan-
nel; 3 is the ¢*(3l) SC channely(3,3 is the C*(3I3l") DC  tween one-step and two-step processes, which depends so
channel. strongly on the collision energy.

transition in the DC channel. Such a mechanism may be IV. CONCLUSION
active when the SC channel is in the neighborhood of the |, conclusion, we have studied single and double electron

crossing between the DC cshannel and the entrance channgl o re ysing high-resolution RIMS, and it has been demon-

This is not the case for the°C-He system.  strated again that RIMS is well-suited to get thorough details
We have calculated the classical angles corresponding t§f the processes involved in the electron capture. For single

one and two steps according to the suggestion by Lauremfapture, then=3 state is dominating. The scattering angle

et al.[29], These angles are simultaneously given in Fig. 13esolution allows evidencing Stuckelberg oscillations.

in anE# scale. It is expected that, for the diabatic transition,Spreading of the reaction window is confirmed:2 and 4

the location of the maximum of the scattering angle distribu-state contributions increase as the collision energy is raised.

tion is close to the classical threshold angle corresponding to

the largest impact parameter. From Fig. 13, we can easily — ——

observe that the one-step process increases when the colli- w00 1!4_
sion energy increases, as already mentioned in feHe ool R keV 20l
system by Stolterfohét al. [28], while the two-step process 2 1000 [ ! '\arI_ i
decreases with the increasing of collision energy. Comparing 5 ool # e
now the evolution of the peaksm, andn with the energyin / e
Fig. 9, we observe that the relative intensity of peake- or ¢ X L, ; .
mains roughly constant while the pelincreases and peak 1200 - A
decreases with the decrease of collision energy. So it can be 1000 | ”/!‘,/"J) ¥, 30kev 222
deduced that, in our collision energy range, the term g SO .--wf ‘*’\L'\
1s2s2p(?PY) is mainly populated via the one-step process 2 jgg ST "'\'"W-
while 1s2p?(?S) and (1s2p?)(?D) are mainly populated via - wb A 'W\.f\,,j" -
the two-step process. Thus we can conclude that the configu- of [l
ration (221") is populated through the dielectronic interac- '2|" E—
tions. Concretely, the populations ofsap?(?S) and 1500 - rar'&j‘\ okey 2
1s2p?(?D) are governed by CTE, whilesRs2p(?P?) is ., 1000 | 7 1‘1’.‘1
governed by CDC. It is the first time, to our knowledge, that, E ' L.\L
for this system, we have evidence of the competition be- S N b
I J-.«""ﬂ T""'I‘o.zq,«
0L -« P
TABLE VII. Experimental stabilization ratiosorpc/(otpc 0 10 200 300 400 500
+ o apc) for the G*-He collision (%). E6 (eV rad)
Peak Configuration 90 keV 30 keV 9 keV FIG. 13. Autoionizing double capture projectile scattering angle
distributions for the €"(2121") channel. The classical scattering
I-p 2121’ 1.1+0.3 2.6-0.5 2.4:0.9 angles for one stefl) and two step$2) via C**(3l) SC channel
d—k 2Inl" (n=3) 17.6c4.0 25.8:6.7 19.8-6.8 are also indicated. The angles of one step are close to each other.
a—C 3Inl’ (n=3) 0 For two steps, from left the angles correspond,tm, andn con-

figurations.
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The model proposed is able to reproduce qualitatively théhe processes contributing to the population of th&2(?2)
scattering angle differential cross sections even for ihe configurations: the dielectronic interaction is responsible for
=4 state. transfer to (221") configurations, the 42s2p(?P°) term is

We have measured the TE contribution which is a factopopulated through a one-step process governed by correlated
of 3 smaller than the predictiof6]. However, the large as- double captur¢CDC), while the 1s2p?(2S) and 1s2p?(?D)
sociated scattering angles confirm the importance of smaterms are populated via the two-step process governed by

impact parameters in this process. correlated transfer excitatiogfCTE).
Double electron capture has been found mainly autoion-
izing due to a strong population of (21') states. The pro- ACKNOWLEDGMENTS

cesses involvedone step and two stepsare identified
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