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Double-electron capture by Ar from He is analyzed. Since the incident ion beam contains a metastable
fraction of the order 5%, two distinctly behaving systems are considef@dl: Aré*(2p8)s,
+He—Arf"(2p®nin’1”)2S* 1L+ He?t and (2) Ar®"(2p®3s)3P;+He—Arf"(2p®3snin’l’)2StIL 4+ He?".

For procesq1), the comparison of translational energy gain and Auger spectra, with an extensive set of
calculated data, supports the conclusion of an asymmetric double-electron transfer peakftig2p%8d4f)

with a Rydberg tail getting to (&1') with n=20 (1=1,2). For procesg2), the double capture points
dominantly into triply excited states Ar(2p®3s3141')25"1L,. These are above the second ionization limit of

the ground state A (2p®3s?)1S,. Their decay takes place via two successive Auger steps: the first ending in
the intermediate levels, AF(2p®3131")24L;. These, in turn, autoionize to the %(2p®)'S, continuum. Both

are identified in the Auger spectrum. These observations raise the question of the meaning of the auto transfer
to Rydberg states and of correlated double capture procdS350-29407)03112-0

PACS numbd(s): 34.70+e

I. INTRODUCTION II. EXPERIMENTAL TECHNIQUES AND RESULTS

Briefly, an AP ion beam/(delivered by the ECR ion

Even though much attention was given to the SyStemsource in Grenob)eis passed in a collision chamber where

Ar +He, being studlgd by different experimental tech—the target gas(He) is kept at a pressure of order 4
niques[1], there are still some aspects not yet fully under-xlofs Pa(measured with a BaratrpnThe collision cham-

stood that are related to t_he double-electron capture Processer is differentially pumped. The beam current is typically 5
It was shown, on the basis of the extended Coulomb barrlel[LA at 80 keV and contains a metastable fractiam states
model and of the reaction window concefi2s3] that double 3,53 3p,,) of order 5%[1].
capture populateén=3, n’=3) and mostly(n=3, n'=4), In order to study the double-electron-capture process
with a partial cross section ratio of 4 to 1 in favor of
=3, n'=4). This system shows the same behavior as the  Ar®*(2p®)1Sy+He—Ar®"(2p®nin’l" )13+ HE? (1)
system 6"+ He for both the single and double transfét. . . . _

However, the problems still open relate to the analysis oftnd differentiate with proceg8) hereafter, two instrumental
minor double transfer channels, not predicted by LandauMethods are employed. _
Zener—type calculation@®ydberg level populatiof6], elec- . () The translational energy gain spectroscopgS): the
tron transfer mechanisr6], and to the problem of auto mstr'ument is described eI;ewhéBaQ]. It is used tq analyze
transfer to Rydberg level]). A common feature of many the ions of charget6, WhICh represent the fraction of the
of the reports describing double transfer is that the atomi ouble capture that_ reta.lned both transferred electrons and

. . hus decayed radiatively:

characteristics of doubly excited populated levels were gen-
erally not well known and had scarcely been calculated. Ar*(2ptnin’1) L3, ArS*(2p83s?) 1S+ hu.  (2)
Moreover, they do not account for the sharing between auto-

ionization and radiation mostly dependent on the total fluo- A typical energy gain spectrum of &t ions formed in
rescence yield of each individual leviel]. process(1) is shown in Fig. 1. The maximum peak intensi-
Since the A¥" ion beam contains a long-lived metastableties in the energy gain distribution correspond to the popula-
fraction (~5%) [1] the question of a possible double trans-tion of the states A (2p®3d4d) and AP*(2p®3d4f) char-
fer ending in triply excited states has to be addressed as wedlcterized by an energy gain of the order 67 eV. These states
as their stabilization mechanisgradiative and/or AugeriIn  are just located below the first ionization limit in the Mg-like
Sec. I, a brief outline of the experimental procedure isargon ion energy scalgl0]. All contributions with energy
given. In Sec. lll, an analysis of the single capture by thegains less than 67 eV are associated with levels above the
metastable projectil&ontained in the incident ion beam and first ionization limit of A" that have shared their stabiliza-
contributing to the autoionizing decayand a review of the tion between photon and electron emissi@¥ig. 2 right
double capture by the ground-state projectile making use ofide.
energy levels calculations is presented in Sec. IV, the domi- (ii) The Auger electron spectrometry: the instrument is
nant double capture populated levels of the metastable prdully described by Mack{14]. A typical Auger spectrum
jectile are identified and their stabilization is discussed. taken(at the ECR ion source in Groningéh4]) at an angle
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and to a lesser from@®3s4d 2L, (at nearly 180 ey these

R ;i ;“;% :fa ED structures are identified with the aid of the calculated level
3 RS S I energieg1].
& z Lo The doublet structure at 102 eV is unambiguously attrib-
a0 ¥ T ‘ uted to the procedd 2] as
E-. ’ \ Ar’*(2p53s?)2PY,, 55— Ar8t(2p%) Sy + €. (5)
§ 20 M ‘ , The intermediate levels are not directly populated, as the
g T H HH } 1 energy gain is of the order of 125 eV, well out-
§ 10 H H m } [ HHH side the reaction window. The other lines between 100
Hmi i H\ i { and 180 eV are attributed to the autoionization of the
ok ‘ , ‘ ‘ . . , Ar’** (2n53131")2L ; levels[1] will be considered later.
20 30 40 50 60 70 80 90

Given the fluorescence yield of the levels directly popu-
lated in the single capture, there is, mostly for the quartet
1 6 r o Bt 117 N states, some cascade feeds p333l’; these in turn would
FIG. 1. TES for AF'(2p%)So+ He-Ar®"(2p°nin'l) +He'. i o iaia1 9] while the doublet levels #3131 2L,
Ar®" are detected. The energy intervals correspond to the different L
Lo . S I mostly autoionize.
series likely to share their stabilization between autoionization and . . .
- The high-energy tail extending to nearly thp®3s=| se-
radiation are shown. L f . g .
ries limit (252 eV) is attributed to the autoionizing stabiliza-
of 50° with respect to the ion beam incident direction is';'r?g sOfehc:I?rhrrl?y'clj'ggrge:é?teslgwgrsur?atoe1t(>)e2?1 'gaelrclt'flft:én ith
shown(Fig. 3). It extends over the energy interval 0—260 thh P ut'. that f ghy hv I Vth tat u \INI
in the emitter frame. It contains two distinct parts: one rang-d € assunt1p |or:j that t?]r Igh va uesl, € Si ah‘fsbars r:ear_y d
ing from 100 eV up to 260 eV with high intensity; the other egkgnera e a?th aR dbe en?rgy V(‘? ue\%mlg € determine
of weaker intensity extends from 0 to 45 eV approximately.ma Ing use ot the Rydberg formulan €
A similar spectrum was taken by Boudjelfil] at 10° from
the incident ion beam and shows exactly the same features.

The spectra are identical. wheren* is the effective principal quantum numbgfable
). The TES spectrum of Af obtained with a metastable

Energy Gain (eV)

E[(2p°3snl)—(2p®)]=252.1-13.68°n*?),  (6)

Ill. DATA ANALYSIS AND INTERPRETATION: enriched AP* beam shows that ions that have captured one
SINGLE CAPTURE BY THE METASTABLE ION electron and then autoionize along the process
AND DOUBLE CAPTURE . 5 8+ 61
BY THE GROUND-STATE ION ArfT (2p°3snl)—ArT(2p°)"Sot+e @)

It is well known that in the observation of charge chang-have gained energy, which corresponds to capture into rela-
ing ion (highly charged atom collisions the projectile loses tive highn values well aboven=4 [1].
energy in stripping whereas it gains energy in electron cap-
ture, with zero energy gain generally setting the limit to
populated levels in capture. In the following, we will sepa-
rate the discussion into two parts. We first focus the attention For energy gainsd<63 eV doubly excited levels are
on the Auger spectrum extending from 100 to 260 eV. found above the first ionization limit of Af. The TES spec-
trum is due to double-electron capture by the ground-state
Ar®*(2p®)ts, projectiles. The part of the Auger spectrum
0-45 eV is mostly due to the double capture by the ground-

This range contains the most intense part of the Augebtate projectile except for a small part between 8 and 14 eV
spectrum. It is identified as due to the stabilization of stateghat we discuss below. The overall intensity variation shows
populated by single-electron transfer to the metastable prc regularm3-type decreasén principal quantum numbgr

B. Auger spectrum at 0-45 eV: TES spectrum of double
capture by Ar®+(2p®)'s,

A. Single-electron capture by the metastable projectile
Auger spectrum 100-260 eV

jectile according to the collision process At the time of the experiment, few data were available for
identifying levels in the Mg-like AY" system[10,15,16,17.
Ar®*(2p°3s)3Pg ,+ He—Ar"*** (2p®3snl) 24 ;+ He* Line identifications were only made up to the first ionization

(3 limit. For the purpose of identifying levels beyond this limit,

two sets of calculations have been performed.
(with n=4 being mostly populatedollowed by

1. Calculation of the atomic parameters for Af(2p®4141') and

Ar’** A8t (2p%)is,+ e, (4a) analysis
To calculate the level energieg, wavelengths\,
Ar’t** L Ar’t(35)2S, ,+ hv. (4b)  radiative probabilitiesAS", and the sum of all the proba-

bilities to all lower IeveIsEfAff, we used the program
The most intense peaks are identified as originating fronsUPERSTRUCTUREeveloped by Eissnet al.[18]. This code
the dominantly populated levelsp23s4f 2L, (at 190 eV s appropriate for the calculation of large quantities of atomic
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FIG. 2. Level diagram showing from the entrance chargledt
sidg), the SC channdkentral part, and the DC channétight side;

are also indicated Heand Hé™ border lines between endo and exo

energetic populated levels.

data as it uses a model potential, which is of the Thomas-

4685

(8a)
(8b)

Z/lr  whenr—0
v(r)= (Z=N+1)/r whenr—oo,
whereZ is the nucleus charge amtithe number of electrons
(z=Z—N).

To obtain greater flexibility, a scaling parameberis in-
troduced such that all the radial functions with the saraee
calculated in the same potential and are therefore orthogonal
to each other, giving

V(r)=V(\,r). (80
This scaling parameters, can be obtained by minimizing
preselected terms.

The program uses multiconfigurational wave functions to
derive level energies and wavelengths. For the calculation of
the atomic data for highly ionized atoms, it is necessary to
take relativistic corrections into account. The semirelativistic
Breit-Pauli Hamiltonian in which the relativistic corrections
are treated as perturbations is convenient. This Hamiltonian
is given by the following expression:

H=H®P=H"R+ VR, ©)
where HNR is the nonrelativistic Hamiltoniany® corre-
sponds to the one-body operatdnsass, Darwin, spin-orbit
and two-body operatorgécontact spin-spin, Darwin, orbit-
orbit, spin-other orbit, mutual spin-orbit, spin-spiaf the
relativistic corrections.

The development of the wave function of a leve) on
the multiconfiguration basis in intermediate coupling,
called level is obtained by the diagonalization of the total
HamiltonianH®P. This is expressed as

Y(AI,M)= >, C(tJ,AJ)D(tI,M), (10)
t

where® is obtained from thé.S coupling wave function of
the termt=CpBSL by

Fermi-Dirac type. The method takes into account the average

cross section (arb.units)

o

effect of repulsion of other electrons, which leads to a central O(tI,M)= > CLSY, @' (tM My), (12)
potentialV(r), satisfying the following boundary conditions: MMg  LTSTY
T T T ¥ T T T T T T T T T ] T ¥ T T
Saap
2p 3131 3sdl 51 6171 ool
T T T T | m——
Al . iy 41 | S S| -
40 60 80 100 120 140 160 180 240 260 Eem(eV)

10 20

FIG. 3. Auger spectrum for At +He. The regions of interest for the Auger stabilization of triply excitef"Apns are shaded.
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TABLE |. Characteristics energies of Ar(2p°3snl). Column 1: levelsn. Column 2: energies from
ground state. Column 3: energy gains. Column 4: Auger electron energies.

Energies from GS Energy gaingeV) or Electron energies to
Levelsn 2p®3s (eV) loss 2p® 13, (eV)
5 360.8 10.3 217.3
6 371.4 -3.0 227.9
7 377.8 -6.7 234.3
8 382.0 -10.9 238.5
9 384.9 —13.8 241.4
10 386.9 —-15.8 243.4
0 395.6 —245 252.1

whereg is a degeneracy parameter taking into account thosg(su SLJ,IK)=W(LIS,J,,LiK)W(LIS L,SK)
cases where a configuratid gives rise to more than one B R 2
term with the samé.S. The coefficientsC(tJ,AJ) are the X[(25+1)(2L+1)

level mixing coefficients.Ci>3, . are Clebsch-Gordan co- s
LMsM, X (2K +1)(2J;+1)]¥2 (17)

efficients;M_, Mg, andM are the projections of the mo-

mentaL, S, andJ, respectively. o In the present work we have introduced\iff only the one-
For highly ionized elements, autoionization processes argody operators.

weak enough to be treated by perturbation theory. The auto- The calculations yield the energies of aip®4l)? con-

ionization probabilityAZ" is given by figurationsA,, A;j, andwy (total fluorescence yiejd From
2 these values, the energy gains and the Auger electron ener-
AS=Z (B9 IH—Ed WP, 12 gies for stabilization towards different continua are deduced.
N KV (E9) sV (12 These results are shown in Table Il only for singlet states. As

is seen from Table Il among all the I(4l’) singlet levels
where only one 42 'D,, has a total fluorescence yield

WDT=S A T <A
. o _ SA+ A
and¥gandWV. are the initialboundstate and finalree state, 4 A
respectively. - o6 o
i TABLE Il. Characteristics of At"(2p®4141")L singlet. Col-
The energyEs of the free statel’r. is taken to be the same || "1 jovels. Column 2: energies from ground state. Column 3:

- i
as that of the bound stat¥'s. The wave functionsVr are 514 flyorescence yieldsee text Numbers in brackets represent

normalized to the Dirac functions: powers of 10.
PL(E)|WE(E))=8(E—E') &, . (14 Levels EnergiegeV) Total fluorescence yields
(Ve F i 9 y
. 202 612 1 |
The free wave functioW’|- corresponds to an autoionization 1S 25 2P 48" "% 131.14079 2.371-06]
channel, i.e., a level J; for the autoionized ion plus the free 1322522‘)643‘;"1 Py 139.37253 3.808-05]
electron €,1), wheree and| are the energy and angular 1522322p64p2 1D2 142.780 00 1.315-05]
momentum of the free electron. As long as only large auto-1522322964p 510 146.246 87 3.197-05]
ionization probabilities are required, the relativistic behavior132252296454d D2 148.138 52 2.331-04]
of the free electron can be ignored; then the operdfoasid ~ 15°2s72p°4s4f “F3  149.047 94 3.490-06]
J commute with the Hamiltonian: 1s*2s°2p°4p4ad 'D,  151.15395 7.160-09]
1s22s?2p®4p4af F, 154.777 91 5.075-04]
J=L+S, K=J+I, J=K+s, (15)  1s%2s?2p%4p4d P,  154.92087 1.212-05]
1s?2s?2pb4paf 'G,  155.91919 9.7(8- 06]
wheres is the free-electron spinsE& 1/2). 1s22s22p%pad 'F;  155.923 90 2.610-05]
1s?2s?2pb4paf 'D,  157.43169 2.147 05]
i 2m 1s?2s22p®4d? D 161.811 33 3.591-02]
ASI="_ AJ I)X(SLIS LI IK P 2 ' '
ap % Et; C(AJLIX(SLIS LK) 1s%2s°2p%4d? 'G, 162.484 45 8.539-06]
) 1s22522p%4d? 15, 162.585 49 1.999- 06]
292 6 1

1s22522p84f2 1G, 167.694 29 2.319- 06]
1s22522p84d4f 1P, 167.885 48 1.395-05]
where t;=C;B;SL; is a term for the (z+1) ion and, 1s?2s22pf4f21p, 168.765 27 4.340-01]
X(SLJ,SLJ;,IK) has been expressed by SardfiB] as a  1s22522p4f2 15, 172.382 66 1.699- 04]

function of the Racah recoupling coefficient
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TABLE lIl. Cascade decay for AF(2p°4f2)'D,; total fluores-  tics as those identified earlier among states, in Mg-like ar-
cencewr=0.43. Column 1: transitions. Column 2: wavelengths. gon, below the ionization limif14].

Column 3: transition probabilities. Column &Iine- Numbers in Table IV shows for these levels KA”’) energy gainS,
brackets represent powers of 10. energies of Auger electrons decaying to the different avail-
: able continua. If these were populated the electron spectrum
A (A) Aij Wiine should extend out to energies higher than 42 eV. The Auger

1s22%p%4f2 1D, 3s4p P 125.06 1.086-8 2.547—2] spectrum is limited at an energy ef41 eV. _In these co_ndi—
—.3s4f 'FY 14051 1.54%8 3.649-2] tions, we seek for further arguments to interpret this low-

_4sap PO 42182 13228 3.11§-2]  SNergy part of the spectrum.
—4s4f 'FJ 628.81 1.099-8 2.597-2]
—4p4d °DJ 704.01 2.83%+8 6.677—2]

—4p4d °F9 707.45 6.98%7 1.648-2] _ _ _
_.4p4d 'P0 89556 3.608-8 8.491-2] A classical calculation with use of the Rydberg formula

4pad 'F) 96552 9.7517 2.299-2] for the series BGSpnI_and 2363an_ is performed. We note
that terms of the seriesp?3pnl with n=7 are above the

first ionization limit. For the seriesg3pnl the energies of

where A;; and A, are radiative and Auger decay, respec-the autoionization electron are determined from the simple

tively, oy is large enough to allow radiative deexcitation and'elation

decay to levels lying below it. For this level, we give, in 6 6 _ 6225\ (5 n6ac2

order to appreciate the cascading effect, the most importan{z[(2p 3pnl)—(2p™3s)]=AE[(2p°3p°P) ~(2p"3s°S)]

radiative transition channels with the line fluorescence yield —13.649h*?) eV, (20)

of each transition

2. Calculation of energy levels for &¢(2p°3In’I")3L,
and data analysis

where n* is the effective principal quantum number and
wjine= w1 X (branching ratio AE=17.5eV. The calculated energy values together with

the Auger electron energies and energy gains are given in
among all these transitior{3able IlI), only two end levels, Table V for this series, where a single continuum
which in turn radiate—these ares®p 'P$ and 34f 'F3  2p®3s 2S,,, is available.
both below the first ionization limit of A". All other levels For the series @®3dnl, it is known that forn=5, the
populated from 42 1D, autoionize immediately. From our levels are above the first ionization limit and forlarger
calculations typical lifetimes for these are in the order ofseven they overlap two continugp@sx=|, 2p®3p=l. For
10" s. This typical decay time is of the order of the colli- the (2p®3dnl) series, the electron energies are calculated

sion time according to the simple relation
[ooc E[(2p®3dnl)—(2p®3s)]=AE[(2p®3d?D)— (2p®3s°S)]
tears , here ~5.1x10°1¢ s, (19 5
v —13.649M*%) eV, (21

whereopc is the total double-capture cross secticadiative ~ where n* (effective principal quantum numbeand AE
and autoionizationandv the ion velocity. As seen from the =41.2eV, whereas the autoionization process to the
transitions in Table IlI, it is clear that two electron-one pho- (2p®3p) ZP‘},ZM continuum is characterized byXE value
ton transitions are possible among these discrete states in tb&23.7 eV. Consequently, there is a sharing with a branching
continuum and basically have the same physical characterisatio, which generally favors the decay to the nearest con-

TABLE IV. Energy gains and Auger electron energies for the decay p832 and 20°3p of
Aré*t[2p8(41)?] 1L, levels. Column 1: levels. Column 2: energy from ground stai®. Column 3: energy
gains(eV). Column 4: Auger electron energies: decay fif2s. Column 5: Auger electron energies: decay

to 2p%3p.
Autoionized Autoionized

Energies from Energies gains energies to energies to
Levels GS (3?) (eV) 2p®3s 2p®3p
2p®4s? 15, 131.14 40.90 23.1 17.5
2p%4p? 15, 146.20 25.84 37.0 16.8
2p4p? D, 142.78 29.26 36.3 15.5
2p84d? 1s, 162.58 9.46 54.0 17.6
2p®4d? D, 161.80 10.24 52.5 17.7
2p%4d? G, 161.48 10.56 52.9 17.5
2p84f? 13, 172.38 —0.34 63.8 17.7
2p®4f2 1p, 168.76 3.28 59.8 17.7

2p%4f2 1G, 167.69 4.35 59.5 17.8
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TABLE V. Characteristic energies of Af(2p®3pnl) Column 1: levels. Column 2: energies from ground
state. Column 3: energy gains. Column 4: Auger electron energy for decay’8s.2

Energies from GS & Energies gain Electron energies for
Levelsn (eV) (eV) decay to 3 (eV)
7 128.2 59.5 3.9
8 131.4 56.3 7.1
9 133.6 54.0 9.4
10 135.1 52.6 10.8
11 136.3 514 12.0
12 137.2 50.5 12.9
13 137.9 49.8 13.6
14 138.4 49.3 14.1
15 138.8 48.9 14.5
20 140.1 47.6 15.8
el 141.8 45.9 17.5

tinuum. Table \_/I summarizes the'theoretical predictions forar8+* (2p53s) 3p(1”2+ He

the level energies, the energy gains, and the Auger electron

energies for the decay to each available continuum. The in-  —Ar®**** [(2p°3s) 3P3141" %" 1L ;+ He?". (22
tervals covered by each series as well as the energy gains o i

associated with thepB(4s)? and 208(4p)? states are shown Since the collisional features for single capture are the same
in Fig. 1 on the energy gain scale. In Fig. 4, ther8 and for the ground state and metastablle prOJect(mﬂe most
3dnl limits for the decay to the different continua are indi- POPulated leveh=4 and energy gains in the exit chanpel
cated on the magnified low-energy part of the Auger spece assume that the coIhspnaI_features for the double transfer
trum, no line is attributable to®(41)2. However, since the &ré the same for both projectilésamenin’l " for the most
decay of line intensity in the Rydberg series is expected to b@oPulated levels and same energy gaiWith the fact that
regular with an~2 variation (n principal quantum numbgr the energy gain qbsgrvgd for the most populated levels in the
and terminate at nearly 41 eV, we have to analyze the interfround-state projectile is '&Of order-(65-67 5eV), we place
sity increase of the lines in the interval 8-14 eV, whichin the energy scale of f, the levels »°3s3d4d and

5
departs from the regular decay pattern. 2p>3s3d4f.
They appear to be at nearly 375 eV above the ground state

Aré*(3s?)1s;.
IV. DOUBLE TRANSFER TO THE METASTABLE ION
AND STABILIZATION A. Structure of the four-open-shell configuration
Since the metastable fraction content in the incident beam Ab initio studies of selected configurations of®Arwith
is of order 5% if double capture takes place the mostly popufour open shells @°3s3141’ were performed, the choice for
lated levels are likely to be seen and thus we consider theandl’ being guided by the experimental scaling law pro-
process posed by Huttori13]. The relativistic Hartree exchange po-

TABLE VI. Characteristic energies for Ar(2p®3dnl) (see caption Table IV

Energies from Energies gains Electron energies Electron energies
Levelsn GS(eV) (eV) for decay to 3 for decay to ®

5 138.8 48.9 14.5

6 147.0 40.7 22.7 5.2

7 151.9 35.8 27.6 10.1

8 155.1 32.6 30.8 13.3

9 157.3 304 33.0 15.5
10 158.8 28.9 34.5 17.0
11 160.0 27.7 35.7 18.2
12 160.9 26.8 36.6 19.1
13 161.6 26.2 37.3 19.8
14 162.1 25.7 37.8 20.3
15 162.5 25.3 38.2 21.0
20 163.8 24.0 395 22.3

el 165.5 22.2 41.2 24.7
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ArB*(2p53sy3p° T i
Z 2 & 200
9 "T? T > He?*
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FIG. 5. Level diagram showing from the entrance chargledt
) side Ar®*(2p®3s)3p®, the SC channelcentral part with levels
!:IG. 4. Auger spect.rum for the energy range 0-45 eV in the2p53|3|/ and 20°3141" and the DC exit channelsg?3s3d4d and
em!tte_r frame_. The region Ef.'”ter_eSt for the first Auger eleCtron2p53s3d4f. (SC denotes single capture and DC denotes double
emission of triply excited A¥" ions is shaded. capture). Levels are shown above the first ionization limit of
Ar’'*(E;=143.4 eV) central part and the second ionization limit of
tential (HXR) method and the computed codes by CowanAr®" (sum of E;=267.7 eV (right side.
were applied to p°3s3d4d and 2°3s3d4f. Due to the
fact that any 33d configuration is nearly degenerate with
3p?, resulting in a strong mixing of theitD terms, it may The likeliness of this two-step stabilization scheme is sup-
be expected that®3s3dnl and 2°3p?nl form a mixed ported by two features seen in the Auger spect(&igs. 3
group whatevenl is. Therefore several studies were made:and 4.
(@) in the unrealistic assumption of an “isolated” configura-  In the low-energy part € E<40 eV between 8 and 14
tion 2p°3s3p4d and (b) for the group 2°3s3p3d eV, a series of closely packed transitions—whose intensities
+2p°3p?4d. are departing from a regular Rydgerg series with intensities
Although it is closer td_S than tojj coupling conditions,
case(a) shows that due to the spin-orbit interaction @°2S  varying asn~3—are seen superimposed over the peaks due
andL quantum numbers are inappropriate. Except for soméo the autoionization decay of the levels populated by double
quintet levels, intermediate coupling conditions prevail. Thetransfer to the ground-state projectile that populatgad|3
case(b) shows that the overlap of both configurations isand 3n’l states withn=7 andn’=5, respectively. Owing
about 70% of their total width and thes3d-3p? interaction  to the levels’ position p°3s3d4d and 20°3s3d4f relative
leads to shifts as large as 2.5 eV for some of the 350 calcuto the levels p°3131’, these transitions are energetically
lated levels. The levels with dominanp23s3d4d character possible (Fig. 5. Once the first Auger electron has been
are located in the range 359.6—374 eV above the groundmitted, the second step ends in the release of an electron of
state 3? !S,. In the case of the 3s3d4f configuration energy between 102 and 150 eV. Some radiative cascade
the upper calculated level is 381 eV above the groustl 3 feed to 2°3I13I’ comes from the single-capture levels

C. Analysis of the experimental data

3

These results are sketched in Fig. 5. 2p°3s4d, 4f, dominantly quartet states, while doublets de-
cay via an Auger process. This combined population cascade
B. Stabilization of triply excited Ar %* ion and Auger ending in @3131’ should explain the weak lines

in the energy range 102—-150 eV. These levels are the inter-
mediate continua for the first Auger step whilep® 1S, is
the single available continuum for the Auger decay of

Given the level energies relative to Arion levels, Auger
decay should involve two step@) In a first step, one Auger
electron is emitted,

2p°3I3l".
Ar®*(2p®3s3d4l1)?St L ;—Ar't(2p®31317)2L s+ e,
(23 V. DISCUSSION AND CONCLUSION
Although a comparison turns out to be rather complicated,
where the electron is of low energy. the calculated electron energies are compared with Auger
low, double capture by the ground-state projectile. In the energy

range 8—14 eV are seen in the superimposed closed box the
electrons from the first Auger decay step of states
Ar’*(2p53131")2L ;- Ar8* (2p®)iS,+e,  (24)  2p°3s3d4d and 4f to 2p°3I3’.
From the analysis of the spectra, we have clear evidence
that levels with highn values(up ton=20) are populated in
where the electron has an energy of the order of 100 eV othe symmetric Rydberg seriepZpnl and 2°3dnl. The
slightly more(102—-150 eV (Fig. 3). 3dnl terms have branching ratios that favor the decay to
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TABLE VII. Comparison of experimental and calculated electron energies. The box encloses the energy rfegion corresponding to the first
Auger electron emitted further to the dominant double capture by the metastable projetti{@pRBs)3P° into Ar®*[2p°3s3d4d and
3d4f125+L

Calculated 2p%3dn! Calculated 2p®(41)2
Calculated 2p®3pnl energies for decay to energies for decay to
3s 3p 35 3p
Experimental E(n) n E(n) n E(n) n E(n) E(n)
3.6 3.9 7
5.8 52 6 5.6(4s%) 1S,
72 7.1 8
9.5 9.3 9
27.6 7
13.0 129 12
13.2 13.3 8
13.7 13.6 13
14.1 14
147 145 15 14.5 5
14.8
15.8 158 20 15.5 9
20.0 20.3 14 20.2(4p)'S,
: 20.8(4p>)'D,
23.0 223 20 23.1(4s2)'S,

2p®3p. For emission energy 25 eV, the lines for the decay of Ar®"(2p°3d4l)***'L; and AP (2p°3s3d4l)>**'L,

to 2p°3s have extremely weak intensities. The terms States produces with small probability asymmetric Rydberg
2p®(41)2 if present at all, would be limited to the decay States. ,

2p®4s? and 2%4p2 In the vacuum ultraviolet range no Our results rather explain and support a two-step two-
transition attributable to the optical decay offA¢4f?) Ip, ~ €lectron transfer mechanism to both ground- and metastable-
could be seen. However, due to the configuration interactior?tate projectiles; coupling between_symr/nclatr|d:4(l4) states

and mixing, these terms may well couple and mix to the SO far not observadand asymmetric (1'1") states might
3dnl or/anci nl terms. The terms @3pnl (with n=10 be effective for states of the same pardtguantum numbers

T ) and are energetically close.
and 1] are missing in the Auger spectrum; thefable V) For the double transfer to the metastable projectile a two

have probably a high fluorescence yield since in the TESy,ger step stabilization process has been identified. Once the
spectrum, a relative increase of the counting rate is measurglst electron of low energy is emitted the ion reaches the
at 52-53 eMFig. 1 and Table 1Y. The reason for this is that  jntermediate available continuuit2p®313!1’)2L , state§ and

the overlap of the wave functions of the two electrons forthen the second Auger electron is emittedergies of order
significantly differentn and differentl is so small that the 102-150 eV, leaving the ion state Af(2p®)'S, [20-22.
two-electron state is likely to decay radiatively and in par-The auto transfer to Rydberg stda#&TR) mechanisni23,24]
ticular for the states with the highedtvalues. The nonsym- for populating asymmetric Rydberg states cannot be identi-
metric double capture, leading dominantly to the populatiorfied in the present results.
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