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Experimental study of single- and double-electron transfer in slow N& +He collisions
using photon and electron spectroscopy
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Single- and double-electron transfer from He to théN&sZ)S(l) ion has been studied at 80 keV by extreme
ultraviolet (EUV) spectroscopy and zero-degree electron spectroscopy. Signals originating from the stabiliza-
tion after two-electron capture are identified in the photon data. This gives information on the stabilization of
two electrons on the projectile. Single-electron capture signals originatingrfrofh states are observed, and
the absolute emission cross section is determined. The presented experimental data have unprecedented reso-
lution. The analysis is supported by extensive theoretical calculations of3{Be (3,4), and (4,4 doubly
excited states in Be-like neon. Decay from triplet states due to spin exchange is observed in the spectra.
[S1050-294{@9)09809-1

PACS numbds): 34.70+e

[. INTRODUCTION In this paper we report on spectroscopic observations of
the N&*+He collision system at an impact energy of 4.0
Single-electron transfer proces¥&C) in slow collisions  keV amu* performed by high-resolution soft-x-ray emis-
between highly charged ions and neutral atoms have beesion spectroscopy in the 60-140-A wavelength range and
studied intensively during the last two decades. It is generzero-degree electron spectroscopy. Both data sets were re-
ally recognized that these processes are well understoatbrded under identical experimental conditions, except for
apart from the detailed collision dynamics, such as the poputhe observation angle under which the reaction products
lation mechanism fol quantum states. Therefore, most in- were observed.
terest has shifted to multiple-electron-capture proced3€s Recent advances of highly charged ion sources have
during the last yearEl]. opened up new experimental possibilities for high-resolution
The Né* +He collision system has received much atten-spectroscopic observatioffs]. The resolution of the spectro-
tion in this context, and several authors have reported oscopic data presented in this paper is unprecedented, to our
theory and experiments. Electron spectroscopy has been uskdowledge, and enables us to study radiative and nonradia-
most often to investigate the collision dynamics and the detive decay with high precision.
cay of doubly excited states populated in two-electron trans- Two-electron transfer processes in slow ion-atom colli-
fer processes. An analysis of this collision system has beegions result in high-lying projectile doubly excited states
done by Boudjemat al., [2,3] where also references to pre- (n,n’), usually lying above the ionization limit, Eql):
vious work can be found. Photon spectroscopy is not often 1 6 a2 .
used, since the doubly excited states populated in the double Ne’" (1s?) +He—Ne®" (1s’niIn’l") +He* . (D)

electron transfer processes mainly stabilize by Auger OIeCayI'hese states can stabilize by Auger electron decay, which is

This technique also has an inherent inefficiency due to th L
small solid angle subtended=@x 10" ° sp if a resolution Bften called autoionizing double captugDC) [Eq. (2)]

comparable to the typical resolution obtained with electron NeB*(1s?nin’l’)—Ne'*(1s22l)+e", 2
spectroscopy is needed. Additionally, detectors in the soft-x-

ray region are relatively inefficient. Photon spectroscopicor by stabilizing both electrons on the projectile; this is often
data has been recorded previously, but mainly SC processealled “true” double capturd TDC) [Eqg. (3)].

[4—6] were studied. The one experimental work that dis-
;:éjsjredc;dDgatp;rggﬁ.ses suffered from poor resolution in the NeB*(1s2nIn’l")— Neb*(1s228%)+ >, hw. (3
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FIG. 1. EUV spectrum, 60—102.5 A, resulting from 4.0-keV arhiNe®" +He collisions. The most intense lines are identified as Li-like
SC channels. Most other lines are attributed to TDC decay channels. Transitions with their assignments are shown in Tables | and II. The
spectrum is blown up vertically to give a clear view on the low-intensity signals.

It is also possible that the initially populated doubly excitedchannels takes place. A detailed picture of the decay path of
state decays radiatively to a state that decays nonradiativelgdoubly excited states populated in collision systems such as
Independent-electron models, such as the extended clasgiresented here is not only important for an understanding of
cal overbarrier mod€f9,10], predict the sequential popula- the collision dynamics of DC processes, but also for charge-
tion of symmetrical fi,n") with n=n" or quasisymmetrical exchange-based diagnostic techniques in plasma experi-
(n,n~n’") states. This has been confirmed in many studiesnents.
[1]. Such states have generally low fluorescence yields and
decay predominantly by autoionization. Since the nonradia-
tive transition rate is dependent on the overlap of the electron Il. EXPERIMENTAL METHODS
wave functions, asymmetricaln(n’>n) states generally
have a larger probability for radiative stabilization than the
(quas)jsymmetrical ones. Theoretical investigations revealed The presented photon data were recorded at the Univer-
however, that the stabilization ratio changes from state t®ity of Nevada, Reno Electron Cyclotron Resonafie€R)
state and is particularly sensitive to the main angular momulticharged ion facility. The?®Ne®* ions were mass and
mentum quantum numbel [11]. In specific collision sys- charge analyzed with a 90° dipole magnet, and led through a
tems with projectile ion chargess6q=<10 unexpected large gas cell. During the measurements, the background pressure
fluorescence yields have been found, also for symmetricah the beam line was<10~8 Torr, and the background pres-
and quasisymmetrical states2,13. The theoretically calcu- sure in the collision chamber, containing the target cell, was
lated stabilization ratios[14], P,.¢= otpc/oapct T1pC, <2x10 © Torr. The length of the beam line was 4.0 m, and
were much lower than the experimentally reported valueshe distance crossed by the projectile ions in the collision
[12]. oy denotes the fraction of the projectiles stabilizing chamber approaching the gas cell was 25 cm. The effective
through the processes as described above. The discreparteyget cell length was 40 mm. The ion-beam current was
initiated several studies and extensive discussidrislg. measured behind the target cell with an 8.0-cm-deep Faraday
Due to the strong term dependence of the nonradiative proleup. Provision was made to suppress secondary electrons.
ability, it is essential to start any discussion on the stabilizaMeasured without target gas, the electrical ion-beam current
tion ratio with knowledge of which states are populated inwas typically 0.25«A. The entrance and exit apertures of the
the manifold. Such experimental information is very scarcearget cell were 3.0 and 4.0 mm in diameter, respectively.
due to the complexity of the doubly excited states. High-The attenuation of the electrical ion-beam current was 9%.
resolution measurements are necessary. Photons in the 60-140-A wavelength range were re-
By combining Auger data and extreme ultraviolEUV)  corded at an angle of 90° with respect to the ion-beam axis
data, we have obtained new information on which states iniwith a grazing incidence spectromef&s]. The efficiency of
tially are populated and how the decay through the decathe two-dimensional multichannel plate detector was en-

A. EUV spectroscopy
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80 keV Ne** + He
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FIG. 2. As in Fig. 1 for the 102.5—145-A wavelength range.

hanced with a Csl coating and an electron capturing field, We are aware of the presence of a metastab&2$3S)
provided by a grid in front of the detector. The measuredNe®* fraction in the projectile ion beam. In this presentation
intensities are corrected for the spectral photoefficiency ofve will only discuss electron-transfer processes to the
Csl [17]. The energy-dependent reflectance of the gratingground-state N& projectile ions. The influence of the meta-
and the polarization of the soft-x-ray radiation has not beerstable fraction will be the subject of a forthcoming paper.
taken into account. The uncertainty caused by this approxi-

mation is expected to be small compared to other uncertain- B. Electron spectroscopy

ties. The interaction length viewed by the instrument was 30
mm. The lifetime of the populated doubly excited e
states is~10 ' s, and the ions move only somen in that
time. Therefore the populated states not decaying in the o
servation region of the instrument can be neglected. Th
wavelength scale of the photon spectra is fixed using wel

A beam of 2°Ne®" ions delivered by the Lawrence Ber-
keley Laboratory ECR ion source with a kinetic energy of 80
d(_ev was mass and charge analyzed and led to the experimen-
Eal apparatus for zero-degree electron spectroscopy. A de-
failed description of the setup can be found in R&€]. The

known _SC emission linegl8]. _ 80 keV N&®* on He

The instrument records spectra with a wavelength spano ;55
typically 25 A, depending on the energy region recorded. . s 12
The recording of a large energy region, as presented in thii  °° | 1530801 215 1S3 152s
paper, takes place by mounting several spectra together. Tt 8% | 1S3 157} L
individual spectra are normalized to each other by utilizing 700 Figzpnte~152s | i

-

the signals appearing in overlapping wavelength regions, 600 P
They are recorded as two-dimensional data files, contamm(Z 500 L
the spectroscopic information disturbed by the imaging erO
rors inherent to the use of spherical gratings with grazing w
incidence in the soft-x-ray wavelength region. The imaging ]

errors are corrected by using a statistical procedure. 200 i UU

O 400 |
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For a correct interpretation of the signals due to DC the 100 E
measurements have to take place under single collision cor g
ditions. The probability for the population of a
Ne®*1s?nin’l’ state via two sequential SC processes
(double collisiong has to be smalll relatively to the probabil- g, 3. Typical zero-degree Auger electron spectrum between 0
ity for the population of a N& 1s*nin’l’ state via & two-  and 130 eV for the N& +He collision system at 4.0 keV am.
electron transfer proce¢®C). This was checked by observ- The electron energies are given in the projectile emitter frame.
ing the relative intensities of the signals as a function of thadentification of the electron signals and a comparison of the ex-
pressure in the gas cell. The pressure in the gas cell is kepkrimental and theoretical results are displayed in Tables IV, V, and
low enough to ensure single-collision conditions. VII.
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TABLE I. Identified SC signals in the EUV data as displayed in ~ TABLE II. Identified TDC signals in the EUV data as displayed

Figs. 1 and 2. in Figs. 1 and 2.
Wavelength(A) Assignment Comment Wavelength(A) Assignment Comment
67.32 Né*t1s22s2S-15%4p 2P° 70.40-72.17 unresolved lines
67.84 unassigned  75.73 N&*2s? 1S—2s4p 1P
70.40-72.17 unresolved signals unassigned blend 22p 3P°-2s5s3S
73.53 Né*1s%2p ?P°-1s24d 2D 82.17 Né*2s2p 3P°—-2s4d D
74.60 Né*1s?2p ?P°—1s?4s2D 82.96 Né&*2s? 15-2p3d 1p°
88.11 Né*t1s°2s2S-1s?3p 2P° 84.23 Né&*2s2p 3P°—2s4s°3S
98.22 Né*1s22p ?P°-1s?3d D 89.40 Né&*2s2p 1P°-2s4d 1D
103.02 Né"1s?2p 2P°—1s23s?S 91.61 Né&*2s2p 1P°-2s4s'S
132.95 blend sc/dc  94.39 Né&*2s2p 3P°-2p3p 3P
133.27 unassigned  94.99 Né&*2s2p 3P°-2p3p 3S
134.12 Né*1s?3s2S-1s%9p 2P 95.86 Né*2s2p 3P°-2p3p °D
139.80 Né*1s?3s2S-1s%8p 2P 97.20 Né&*2p2 3p—2s4p 3p°
140.93 Né*1s23p 2P—1s?9s,9d 2D blend 97.46 Né&*2s? 1s-2s3p tP°
99.14 unassigned
99.72 N&*2p? ID—2s4p 1P°
vacuum in the beam transport system wa§x 10 8 Torr. 100.20 N&"2s2p 1P°-2p3p 1S
The gas pressure in the target cell was regulated to a pressure0.94 unassigned
of 3x10°° Torr, and controlled by an absolute Baratron 102.10 Né*2s2p 1P°—2p3p 1D
gauge. The target cell was 4.0 cm long. Single-collision con404.46 unassigned
ditions were assured by observing the relative intensities 0fpe.10 N&*2s2p 3P°-2s3d 3D
the signals as a function of the gas cell pressure. 107.07 NE&*2s2p 1P°—2p3p 1P
107.80 unassigned
Ill. RESULTS AND DISCUSSION 109.90 NE&'2p? 3P—2p3d P°
All results were obtained at 104keV (q=8) collision 110.61 Né:sz jP_Zpgd iDz
energy and are shown in Figs. 1 andBUV spectrum and 111.17 Né+2p2 1D_2p3d lP
Fig. 3 (zero-degree Auger electron spectjurdll identified ~ 111.82 N&"2p?D—2p3d 'F°
EUV transitions are displayed in Table¢3C) and Il (TDC). ~ 112.67 Né&*2p? °P—2p3d °F°
To distinguish SC and TDC signals in the EUV spectra, well5-45 NEé*2s2p °P°-2s3s°S
compared with the EUV spectrum from the Ne-He colli- ~ 116.17 N&*2p? 'D-2p3d °F°
sion system that was recorded under identical experimentdl6.67 N&*2s2p 'P°-2s3d ‘D
conditions. Signals in the EUV spectra with Neprojectiles ~ 119.60 unassigned
that are found in the EUV spectra with Neprojectiles with ~ 120.04 unassigned
larger intensity are SC lines. In a wavelength area smallet20.45 N&*2p? 3P-2p3s°P° blend
than 85 A, the efficiency of the instrument is unexpectedlyl121.54 Né&*2p?15-2p3d 1P°
low. We do not have objective means to correct for this122.31 NE'2p? 'D-2p3stP°
instrumental feature, and exclude this wavelength area from23.36 unassigned
the presented relative intensity calibration. Well-known SCi123.81 NE&*2s?1s8°—2p3sp°
lines are used to wavelength calibrate the EUV spectrum24.76 unassigned
[18]. 129.37 NE&*2s2p PO 2s3s'S
130.90 unassigned
A. Atomic data for doubly excited Be-like neon 133.64 N&"2p?’S-2p3s’P°
135.31 NE&'2p? 3p—2s3p °P°
~ Ingeneral, little is known about autoionization and radia-1 37 gg unassigned
tive decay rates for doubly excited states. To interpret the 44 g3 N&*2p? 3P—2s3p 1P° blend

combined set of electron and photon data, an extensive

atomic data set has been calculated. To calculate the level
energieskE, wavelengths\, radiative probabilitiesﬁxf‘f, and
the sum over all lower Ievel§fAff, we used a computa-
tional method comprising three codeSUPERSTRUCTURE
[20], pwmbuB [21] and AuTOLSJ [22] have been used. The

most important of these SUPERSTRUCTURE

1. SUPERSTRUCTURE

This code is appropriate for the calculation of large quan-
tities of atomic data as it uses a model potential, which is of

V(r)=2ZIr whenr—0
=(Z—N+21)/r

the Thomas-Fermi-Dirac Amaldi type. The method takes
into account the average effect of repulsion of other electrons
which leads to a central potentM(r), satisfying the follow-
ing boundary conditions

when r — oo,
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whereZ is the nuclear charge aridithe number of electrons VL)WY (EVY = S(E—E') 8
To obtain greater flexibility, a scaling parameleris in- q free wave function?. corresponds to an autoionizing
troduced such that all the radial functions with the samaee crannel, i.e., alevel J, for the autoionizing ion plus the free

calculated in the same potential and are therefore orthogong ectron €,1), wheree and | are the energy and angular
to each other, giving momentum of the free electron. As long as only large auto-
V(H)=V(\[,r) ionization probabilities are required, the relativistic behavior
b of the free electron can be ignored; then the operd&oand
This scaling parametek; can be obtained by minimizing J commute with the Hamiltonian:
preselected terms.

The program uses multiconfigurational wave functions to J=LitS,
derive level energies and wavelengths. For the calculation of
the atomic data for highly charged atoms, it is necessary to K=J+l,
take relativistic corrections into account. The semirelativistic
Breit-Pauli Hamiltonian in which the relativistic corrections J=K+s,
are treated as perturbations is convenient. This Hamiltonian
is given by the expression wheres is the free electron spinsgE 1/2).

— 4 BP_ NR+ R _
AmAT =RV A§'=27”% @ C(AJ; tJ)X(SLISL;J; 1K)

whereH"R is the nonrelativistic Hamiltonian, and® corre-

sponds to the one- operatgrmass, Darwin, spin-orbitand X (tj1J|H—Eg/tJ)C(tJ,Ad)

two-body operatorgcontact spin-spin, Darwin, orbit-orbit,

spin-other-orbit, mutual spin-orbit, and spin-spaf the rela-  where t,=C;B;SL; is a term for the £+1) ion and,

tivistic corrections. X(SLJSL;J;,IK) can been express¢d3] as a function of
The development of the wave function of a level on the Racah recoupling coefficielf:

the multiconfigurational basis in the intermediate coupling

tJ, calledlevel is obtained by the diagonalization of the total X(SLISLiJ; 1K) =W(LIS;J; L K)W(LIS & ,SK)

HamiltonianHBP. This is expressed as e e 2

2
1

X[(25+1)(2L+1)(2K+1)
YA M)=2 C(L,AND! (tM M), X (23,+1)]¥2

In the present work we haw¢' only in the one-body opera-
tors. The calculations yield the energidg, A;;, and ot
(the total fluorescence yieldFrom these values, the Auger
electron energies for stabilization toward different continua
O(tI,M)= > CLSL 4 @' (tM M), are deduced.

MM TETET In the first step, the code determined a set of nonrelativ-
istic wave functions by diagonalization of the nonrelativistic
Blamiltonian on a set of chosen configurations. The single-
electron wave functions are calculated in a so called
Thomas-Fermi-Dirac-Amaldi potential for each angular mo-
mentuml. The scaling parameters have been iterated to give
efficients, andM_, Mg and M; are the projections of the the minimum energy of a term or a group of terms. In the
momental, S, andJ, respectively. present work the parameters are obtained by the minimiza-

For highly ionized elements, autoionization processes ar@ion procedure of the energy sum of all terms belong to the
weak enough to be treated by perturbation theory. The autdollowing configurations: $°2s?, 1s?2s2p for A, and
ionization probabilityAS' is given by 1s?2s?, 1s°2s2p, 1s°2p?, 1s2s2p?, and 1s2p® for \,,.

The values obtained are 1.320 fioy and 1.578 fol,. We
put A\p=Ng=A\;. In a second step the program uses these
scaling parameters in a multiconfigurational basis to calcu-
late the nonrelativistic and relativistic level energies diago-
where nalizing the matrices corresponding to the nonrelativistic and
relativistic Hamiltonians, respectively. Finally the wave-
Es=(VgH|Vg) lengths and radiative probabilities are calculated. The multi-

. o ) configurational basis set used in the present work contains all
and¥s and V- are the initialboundand finalfree states, the configurations €*nin’l’, with (n=n’=n,1=0,1) +

respectively. The enerdyg of the free statelfiF istakenthe (n=n'=3/=0,1,2) + (n=3n"=4,/=0,1,2,3) + (n=n’
same as that of the bound stalfg. The wave function®’- =4]=0,1,2,3), which corresponds to 29 configurations, 114
are normalized to the Dirac functions: terms, and 311 levels.

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

whereg is a degeneracy parameter taking into account thos
cases where a configuratidh gives rise to more than one
term with the samé.S. The coefficientsC(tJ,AJ) are the
level mixing coefficients Cy°y, i, are Clebsch-Gordan co-

o2
A== (VHES)|H-Eg Vg
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TABLE lIl. Calculated wavelengths and transition probabilities of transitions frofi"KiEs?2131").

Transition WavelengtttA) A(s™h SA(s™h
1s22p3diD,—-1s?2s2p°P, 93.9650 1.20210
1s22p3diD,—-1s?2s2p°P, 94.0551 3.85%10 5.18410
1522p3p 3P,—15%2s2p °P, 93.9734 1.526-10
1522p3p °P,—1s?2s2p 3P, 94.0179 1.12810
1522p3p °P,—1s?2s2p P, 94.1081 2.409-10 5.186+ 10
1522p3p 3Py—1s?2s2p 3P, 94.0498 5.063 10 5.184+10
1s22p3p S, - 1s22s2p 3P, 94.7063 2.11510
1s°2p3p S, - 1s°2s2p °P, 94.7978 2.95510 5.952+10
1s?2p3p 3D,—15%2s2p 3P, 95.6996 2.27%10 3.046+10
15?2p3p 3D5—1s5°252p °P, 95.7060 2.97910 3.026+10
1s22s3p 1P, —1s%25%1S, 97.3801 1.06911
1s22s3p °Py—1s?2p?'D, 126.3240 1.21410 1.195+11
1s22p3p 1S,—1s2252p 1P, 100.2078 2.97910 3.026+10
1s22p3p 1D ,—-1s22s2p P, 103.2836 2.94310 3.152+10
1s22s3d 3D, -1s%2s2p 3P, 105.8749 1.278411
1s22s3d D, -1s%2s2p 3P, 105.9313 9.57810 2.300+11
1s°2s3d °D,—15%2s2p 3P, 105.9258 1.72411
1s%2s3d °D,—1s?2s2p °P, 106.0399 5.74610 2.298+11
15°2s3d 3D ;- 15%2s2p 3P, 106.0308 2.29%511 2.295+11
1s?2p3d 3P,—1s%2p=pP, 109.8022 2.43310
1s22p3d °P,—1s22p?°P, 109.9221 1.33311 1.549+11
1s22p3d °P; - 1s22p?°pP, 109.6943 4.14410
1s22p3d 3P, - 1s22p?°P, 109.7569 4.81810
1s22p3d °P;-1s22p?°pP, 109.8767 6.80610 1.592+11
1s22p3d °D;-1s22p?°P, 110.5208 1.73%11
1s°2p3d °D;—1s?2p%°P, 110.5844 1.12811 2.926+11
1s?2p3d °D,-1s%2p=P, 110.5593 2.33511
1s?2p3d °D,-1s%2p=pP, 110.6808 5.71610 2.918+11
1s?2p3d P, - 1s%2p?'D, 111.0315 1.456:10
1s22p3d 1P, - 15?2p?'S, 121.8942 2.01911 2.259+11
1s22p3d 'F;—-1s22p?'D, 111.4534 3.63211 2.928+11
1522s3s 33, -1s%252p 3P, 115.4160 5.687+09
152283535, -1s%252p 3P, 115.4831 1.710+10
1s22s3s 35, - 1s%252p 2P, 115.6192 2.866+10 5.145+ 10
1s°2p3d °F,—1s%2p?'D, 116.7345 4.996:10 5.060+10
1s?2p3d 'D,—-1s?2p?'D, 116.8710 5.16210 5.214+10
1s%2s3d 'D,—1s?2s2p P, 117.2764 1.556:11 1.556+11
1522535 3P,—15%2s2p 3P, 120.2116 1.01710
1522s3s°P,—15%252p °P, 120.3562 3.034+10 4.1306+10
152253515, -15%2p?%P, 120.4263 4.02510 4.100+10
1s22p3s 3P, -1s22p?°p, 120.2823 1.34510
1s22p3s 3P, -1s22p?°p, 120.3576 1.00210
1s22p3s 3P, -1s22p%°p, 120.5016 1.68610 4.116+10
15°2s3s1S,—1s%2s52p 1P, 128.9181 2.14%10 2.145+10
2. DWMDUB the help of term coupling coefficients provided by

This code corresponds to thesTwav code[24] modified SUPERSTRUCTUREand afterwards calculates Auger rates and
by Dubau. It determines, in a distorted-wave approximationfluorescence yields. The Auger rates fos”3I3l’ and

the transition matrix elements between the bound and freés®4l4l’ are calculated for seven energies of the incident
states. electron equal to 4.0, 6.0, 7.0, 7.5, 7.57, 8.0, and 11 Ry, and

between 7.5 and 11 Ry forst4l4l’.

3. AUTOLSJ

This code transforms theS-coupling reactance matrix 4. Theoretical results

obtained bypwmMDUB to an intermediate-coupling one with In Table 11l the wavelengths and radiative transition prob-
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TABLE IV. Calculated and experimental Rig(1s?3131") singlet and triplet states. For each state we
present the energy relative to the ground sttehe total nonradiative decay probabiliyA,, the total
radiative decay probabilitE A, , the total fluorescence yieldr=Z=A, /(ZA,+ZA,), the calculated Auger
branching ratio to the £continuum BR %?2s, and the estimated experimental Auger branching ratio to the
2s continuum BR %?2s. Epc, gives the approximate calculated energy positions to $1€2d) continua
after correction for the postcollision effect at an observation angle oEQ, gives the observed energy
positions to the 8 and 2 continua. Some of the signals are assigned to several terms. This means that a
unique assignment of the signal is impossible since the experimental resolution is not sufficient. The reso-
lution of the presented data is 0.1 eV.

State E V) ZA(sY =A(s7hH o7 BR 15?25 BReyy 15?25 Epci (€V)  Eeyp (€V)

3s?1s 25368 9.5513 1.02+11 1.0703 0.98 0.87 46.3/30.4 46.1/30.5
3s3p®P  256.41 9.0413 1.06+11 1.1703 0.99 49.1/33.1  -/33.1
3s3d'D 259.93 3.0214 3.66+10 1.21-04 0.35 0.39 52.6/36.5 53.1/37.0
3s3p*P  260.12 5.2614 1.02+11 1.0703 0.35 0.39 52.6/36.5 53.1/37.0
3s3d°D 261.32 2.66-13 2.55+11 9.71-03 0.55 0.23 54.0/38.0 54.3/37.9
3p2%P 26219 1.7214 1.56+11 9.06-04 0 0.77 54.9/38.9 54.8/39.1
3p3d3F  264.20 25412 2.82+11 9.99-02 0.30 0.48 56.9/40.9 57.0/40.9
3p3dD 264.35 3.5%10 0.45 57.1/41.1 57.0/40.9
3p?!ls  265.24 1.0%15 3.54+11 3.34-04 0.12 58.0/42.0  58.1/-
3p?!D 26571 3.8414 550+10 1.43-04 0.29 0.23 58.4/42.4 58.4/42.4
3p3d®D 266.50 1.1514 2.90+11 2.52-03 0 59.2/43.2 59.3/43.1
3p3d®P 267.02 4.8413 2.85+11 5.85-03 0.09 59.7/43.7  -143.7
3d?°F 26856 1.7614 4.44+11 2.52-03 0 0.26 61.3/45.3 61.4/45.4
3p3diF 270.11 3.26-14 2.914+10 8.93-05 0 0.13 62.8/46.8 62.9/47.0
3d?!G  270.66 1.0415 4.33+10 4.16-05 0.17 0.53 63.4/47.4 63.6/47.6
3d?%P  271.21 1.3813 4.38+11 3.08-02 0 63.9/47.9 -I-
3d2D 27256 24214 3.214+10 1.33-04 0.03 0.05 65.3/49.3 65.2/49.5
3p3dP 27293 21614 31410 1.47-04 0.02 0.09 65.7/49.7 65.7/50.0
3d?'s  279.08 1.89-13 3.02+10 1.60-03 0.58 0.75 71.8/55.8 71.7/55.6

abilities of the calculated Neé1s?213I’ levels are dis- late dominantlyn=4. This is known from energy gain mea-
played. In Tables 1V, V, and VI, we present the calculatedsurement$27]. The intensity of thex=4 signals in our EUV
atomic data set as discussed above for doubly ex¢Be), spectrum is too low compared to the intensity of tire 3
(3,4), and(4,4) states of N&". signals, since it is known from previous measuremghts

For each calculated state we present the following datathat SC mostly populates=4 levels. This is also predicted
The energy with respect to the ground state, the total nonray the classical overbarrier mod@,10]. The discrepancy is
diative transition probability=A,, the total radiative transi- due to the low reflectivity of the grating in the wavelength
tion probability 2A;;, the fluorescence yieldr defined as  region 60-80 A. A comparison of the relative intensities in
wr=A;j/[(ZA;j+ZA,), the branching ratio(BR) to the the present EUV spectra and spectra measured by Politus
1s2s continuum, the correctetsee below energy of the et al. [6] show an exponential decrease of the sensitivity of
electrons in the emitter frame at zero degree observation tgur instrument in the wavelength range smaller than 85 A.
the 2s/2p continuum, and the experimentally observed en- The n=3 levels are partly populated via cascades. The
ergy of the electrons in the emitter frame to th@2 con-  identifications of the SC EUV signals, as presented in Table
tinua. In Tables V and VI the center of gravity energy of the|, are based on known transitiofs8] and the results of new
multiplet is also presentedE®9=[2;(2j+1)E;]/(Z;2] calculations, displayed in Table Ill. Excluding the low-
+1)), used to compare with the positions of the signals inwavelength region, we observe that the relative intensities of
the Auger spectra. The theoretical electron energies are cothe SC lines are identical to previous studiés-6]. The un-
rected by a factonggé(0°), whereAgg is the energy shift assigned signals in Tables | and Il could be due to the stabi-
due to the post-collision interactiofPCl) as described by lization after electron capture to the metastable
Barker and Berry[25], and the factog(0°) takes into ac- Ne®*(1s2s3S) fraction in the beam. This will not be dis-
count the dependence of the PCI effect on the angle of emigussed in the present paper.
sion of the electrorh26]. In the wavelength region above 100 A, the efficiency of
the grazing incidence instrument is relatively high. We ob-
serve the $°9p 2P-1s?3s 2S transition at 134.13 A, the
1s%8p 2P-1s?3s 2P at 139.86 A and the £9s 2P/1s°9d

The most intense lines are Li-like SC channels corre->P-1s?3p 2P transition at 140.93 A. These observations are
sponding to radiative decay from Kig1s?nl) initial states. not in disagreement with the extended classical overbarrier
We observe decay from up to 9. The SC processes popu- model [9,10], since the probability distribution to populate

B. Single-electron transfer
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TABLE V. As in Table IV for Né*(1s?3141") singlet and triplet state€, , is the center of gravity
energy of the multiplet.

State E@V) Ec¢m SA(shH SA(s™Y o7 BR 15?25 Epgy (€V) Egyp (€V)
3s4s°S;,  295.29 6.8911  1.25+10 1.80-02 1.0 88.0/72,0 87.9/72.2
3s4s'S,  296.10 59813 560+09 9.36-05 1.0 89.0/72,8  88.9/-
3s4p'P;  297.09 35513 1.53+10 4.30-04 0.53 89.8/73.8  90.0/73.9
3s4p3P,  297.45 5.0613 1.26+09 2.48-05 0.55 90.2/74.2 -/-
3s4p®P,  297.46 297.46 5.0613 1.26+09 2.50-05 0.55 90.2/74.2 -/-
3s4p®P,  297.47 5.06-13 1.26+09 2.50-05 0.55 90.2/74.2 -/
3s4d°D, 298.78 1.06-13  2.54+10 2.53-03 0.67 91.5/755  -/75.6
3s4d®D, 298.79 298.80 1.0013 2.54+10 2.53-03 0.67 91.5/755  -/75.6
3s4d®D;  298.81 1.06-13  2.54+10 2.52-03 0.67 91.5/755  -/75.6
3s4d'D, 298.98 7.8913  1.14+10 1.44-04 0.68 91.7/75.7 91.7/75.8
3s4f3F,  300.24 2.8312 38110 1.33-02 0.82 93.0/77.0  93.1/-
3s4f5F;  300.25 300.25 3.0013 3.81+10 1.26-02 0.87 93.0/77.0  93.1/-
3s4f3F,  300.25 3.0612 3.82+10 1.25-02 0.87 93.0/77.0  93.1/-
3p4s®P,  300.79 1.3¢-13  1.04+10 7.79-04 0.42 93.5/77.5 -/-
3p4s®P;  300.81 300.83 1.3213  1.04+10 7.85-04 0.42 93.5/77.5 -I-
3p4s®P,  300.86 1.3213  1.05+10 7.94-04 0.42 93.5/77.5 /-
3s4fF;  300.95 59313 4.24+r10 7.15-04 0.02 93.7/77.6  93.7/77.4
3p4plP,;  301.30 1.04-10 94.0/78.0 -I-
3p4stP;  301.69 2.0314 8.64+09 4.26-05 0.32 94.4/783  -/78.4
3p4p’D,; 302.21 48612 4.56+09 9.37-04 0.20 95.0/79.0  -/79.0
3p4p®D, 302.23 30225 51212 4.614+09 8.99-04 0.19 95.0/79.0  -/79.0
3p4p’D;  302.27 4.0412 4.69-09 1.16-03 0.24 95.0/79.0  -/79.0
3p4p®s,  302.34 25813 1.12+10 4.36-04 0.14 95.1/79.0  -/79.0
3p4piP,  302.34 6.58-09 95.1/79.1  -/79.0
3p4p®P;  302.38 302.39 7.4609 95.1/79.1  -/79.0
3p4psP, 302.41 6.48-09 95.1/79.1  -/79.0
3p4d'D, 303.27 1.19-10 96.0/80.0  -/79.9
3p4p°D; 303.46 48612 4.56+09 9.38-04 0.20 96.2/80.2  -/79.9
3p4p°D, 303.48 303.48 5.1212 4.614+09 8.98-04 0.19 96.2/80.2  -/79.9
3p4p°D;  303.50 43612 4.69-09 1.97-03 0.22 96.2/80.2  -/79.9
3p4p'D, 303.72 22214 17410 7.70-05 0.60 96.4/80.4 -/-
3p4d3F, 304.03 1.9312  4.80+09 2.49-03 0.43 96.8/80.8 -/-
3p4d3F; 304.05 304.06 2.0612 4.82+09 2.39-03 0.42 96.8/80.8 -/-
3p4dF, 304.08 1.88-12 4.72+09 2.53-03 0.44 96.8/80.8 -/
3paflF;  304.06 14411 5.03+10 2.58-01 0.74 96.8/80.8 -/
3p4f3G;  304.20 22612  6.12+10 2.76-02 0.12 96.9/80.9 97.1/81.2
3p4f3G, 304.22 304.23 22212 6.14+10 2.69-02 0.12 96.9/80.9 97.1/81.2
3p4f3Gs  304.25 21912 617410 2.79-02 0.12 96.9/80.9 97.1/81.2
3p4p's, 304.36 52914 1.25+10 2.36-05 0.11 97.0/80.7 97.1/81.2
3p4f3F,  304.43 2.7310 97.2/81.2 97.1/81.2
3p4f3F;  304.44 304.44 2.7510 97.2/81.2 97.1/81.2
3p4f3F,  304.45 2.75-10 97.2/81.2 97.1/81.2
3p4d3P, 304.68 23313 1.52+10 6.47-04 0.04 97.4/81.4  -/81.2
3p4d3P; 304.69 304.68 2.3513 1.53+10 6.50-04 0.04 97.4/81.4  -/81.2
3p4d3P,  304.70 15310

3p4diF;  304.87 1.2211 3.8%10 3.13-01 0.09 97.6/81.5  -/81.2
3d4d°D;  305.41 3.76-10 98.1/82.1 98.2/82.0
3d4d°D, 305.41 305.41 3.6710 98.1/82.1 98.2/82.0
3d4d°D,;  305.41 3.6310 98.1/82.1 98.2/82.0
3d4d'F;  305.35 1.26-10 98.1/82.1 98.2/82.0
3p4flG, 305.85 31614 25709 8.29-06 0.27 98.5/82.4  -/82.5
3p4diP;  305.94 85311 29910 3.39-02 0.97 98.7/82.7  -/82.6
3d4flG, 306.08 1.32-10 08.8/82.8 -I-
3d4d'P,  306.15 2.1410 98.9/82.9 -I-
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TABLE V. (Continued.

3d4d®G;  306.14 1.68-13 8.14+08 4.84-05 1.0 98.9/82.9 /-
3d4d®G, 306.16 306.16 1.6913 7.56+08 4.4705 1.0 98.9/82.9 /-
3d4d®Gs  306.17 1.7613 6.87408 4.0205 1.0 98.9/82.9 -I-
3d4f%H, 306.17 306.17 1.0913 3.90+07 35706 1.0 98.9/82.9 -I-
3d4f%Hs;  306.18 1.0913 3.66+05 3.29-08 1.0 98.9/82.9 -I-
3d4d®F,  306.58 3.3410 99.3/83.3 -183.6
3d4d®F;  306.59  306.59 3.3810 99.3/83.3 -183.6
3d4dF,  306.60 3.3510 99.3/83.3 -183.6
3p4f3D;  306.65 1.3#12 24510 1.76-02 0.98  99.4/83.4 99.4/83.6
3p4f3D, 306.65 306.65 1.4912 2.48-10 6.63-02 098  99.4/83.4 99.4/83.6
3p4f3D;  306.66 14212 24910 1.73-02 0.98  99.4/83.4 99.4/83.6
3p4aflD,  306.89 1.16-13  2.42+10 220-03 1.0 99.6/83.6 99.4/83.6
3d4f%F,  306.92 1.4%12 1.88+10 12706 1.0 99.6/83.6 99.4/83.6
3d4fD, 307.43 3.38-10 100.2/86.5 100.0/-
3d4d®P,  307.69 1.72-10 100.4/84.4 -184.6
3d4d®P,  307.70  307.70 1.7210 100.4/84.4 -184.6
3d4d®P, 307.70 1.72-10 100.4/84.4 -184.6
3d4d3s;,  307.76 14812 1.88+10 1.25-02 0.99 100.5/84.5 -I-
3d4d'D, 308.71 6.0413 3.13+10 5.15-04 0.04 101.4/85.4 101.2/85.6
3d4d'G, 308.76 2.0414 506+10 24804 0.05 101.5/85.3 -185.6
3d4flF;  309.78 256-13 54410 21703 056 102.5/86.5 102.7/86.7
3d4flHg  310.50 1.2914 7.94+10 6.15-04 0.22 103.2/87.2 -187.2
3d4flp,  311.32 4.35-10 104.0/88.0 -187.9
3d4dls, 314.41 3.6412 1.2%#10 3.26-02 096 107.1/91.1 107.2/-

levels different from the most probable capture levels is deis not possible to do a direct comparison between the experi-
scribed by a Gaussian function in this model, increasing ilmental data and the calculated states since the resolution is
width with the projectile velocity. Using known cross sec- insufficient to resolve individual states. However, the center
tions [5] we derived the absolute cross sections for single-of gravity of the calculated multiplet can be compared with
electron capture to transitions from=9 to be 9.8¢10 ¥  the experimental signals.

cn?. Within the obtained accuracy we observe the cross sec-

tions for these highnlevels to be identical to each other. We 1. Radiative decay

uged the Cowan progran[QS] to calculgte the bfa”Ch'F‘g . Using the atomic structure calculations we identified most
ratios necessary to derive the cross sections. The error in thig 1o pc photon signal§Table 1. Many transitions from
cross section is 40%. The capture cross section for the mo§\}66+(2|3| "} levels could be identified from tabulated values
probable capture levelmE4) has been measured by Bon- [18]. The structure of the lowes2,3) energy levels in N&'

— 16
netet al.[5] to be 7.8<10" % cnf* (+40%). , is shown in Figs. 5 and 6 for the singlet and triplet systems,
From the electron data it is observed that the major part of

the DC population is to N& (3,3 and (3,4) states. The
Auger decay from these states can only decay to tharzi
2p continua. A very small part of the DC populates®Ne o ~
(4,4) states. These can decay to tHec®ntinua so that the sC.

observed N&" (1s3l) radiation is not entirely originating i - k-[ n=3
from SC processes. We will neglect this since the cross sec hv | P w=4
tion to N€* (n,n’) with n and n’<4 is certainly much ‘e/ |
smaller than the SC cross section.

Ne8+(1s2) 130

N
o
o

1

-4

Energy (eV)

C. Double-electron transfer

H

o

[=4
T

A typical Auger electron spectrum, recorded under the NeS*(152252) 159
same experimental conditions as the EUV spectrum, is dis
played in Fig. 3. An energy diagram is shown in Fig. 4 with
the decay path for radiative and nonradiative decay aftet -600 [
double-electron transfe(DC). Two-electron transfer pro-
cesses in this collision system populate mogty3) and
(3,4 states. In the low-energy region it is possible to observe FIG. 4. Schematic energy diagram showing the decay path after
the decay from pnl(n>6) states. This is shown in Fig. 7. It single capturdSC) and double capturéDC).

S.C. D.C.
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FIG. 5. Grotarian diagram of the lowe,3) singlet levels in N&". The observed signals are indicated.

respectively. The observed signals are indicated in the diagn comparable collision systems that a non-negligible part of
grams. Only the lowed®,3) levels are observed in the EUV the ions produced after the capture of two electrons decays
spectrum. Many triplet signals are observed. by stabilizing both electrons. By identifying the decay of
Energy gain measuremenf27] recorded at 13.6 keV Ne®*(213l") states in the final step of the decay in the EUV
show that mainly(3,4) and (3,3 states are populated in the spectrum, information on the radiative decay processes
ratio 7:3. At 80 keV some population of tHé,4) and(4,5  populating thg2,3) states is obtained. The Cowan programs
states is expected. This is observed in the Auger spectrunare used to calculate which states most probably populate the
Radiative transitions froni3,3) and(3,4) states are difficult observed2,3) states. The most intense evgh3d) states are
to identify due to the complexity of these states. Direct ra-2s3d 3D, 2s3s 3S and 23d'D. These states are mainly
diative decay from these states is expected to be very wegbopulated from the B3d*°D and °F states. The &3s°S
apart from some states. It has, however, been mea$l8gd term is mainly populated by 8ip'3P states. It is not pos-

3.8 3,0 3 ¢ 3.0 3..e 3 3 3 e
g P P D D F F G
2p8d 2p8d
200 205 = _ 2pep 2p6d e 2p542P00 2ps 2pst -
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2s2p

FIG. 6. Grotarian diagram of the lowe&,3) triplet levels in Né*. The observed signals are indicated. The observation of triplet signals
is discussed separately in the paper.
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FIG. 7. Blow-up of the low energy part of the Auger electron
spectrum. It is indicated fan=7-12, where the decay of the@#al

series is to be expected. The array of signals with decreasing inte
sity fits very well with these expected energy positions. The inten

sities of the signals decreaseras®.

sible to point out joint upper states for the most intense od
(2,3 states. The @3s®P term is populated mainly by
3s4d°D, 3p4p*°D, and P4p°3P states. The A3d'F term
is mainly populated by 84d'F states. The @3s°D term is
mainly populated by 84d°F state, and the Bp*P term is
mainly populated by B4p'P states.

The radiative decay channels as discussed above can

compared with complementary information derived from the,

Auger data. Nonradiative decay from tti8,4) and (3,3

states mentioned above is observed in the Auger data exce

for the 3p3d**D and 34d%F terms. Therefore, these dou-
bly excited states are populated in doubly excited Neei-
ther directly or indirectly.

2. Nonradiative decay
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rates than the highvalues. This is due to the larger overlap
between the electron wave functions with low&alues. The
energy positions, calculated with the Cowan programs sug-
gest that mainly, the @nd P levels are observed in the
Auger spectra. The Auger energies of then?, 2pnp, and
2pnd levels have been calculated by Mancini and Safronova
[30]. Their results are close to the present results but are
typically 0.5 eV lower.

There are also signals in the energy region lower than 4.5
eV, possibly due to the decay 04,4 states to  and
continua. We present the identifications of these signals in
Table VII.

The (3,3) and(3,4) states are most intensively populated.
They can decay to thes2and 2 continua. This can clearly
be seen since the signals are divided in two groups divided
by 16.1 eV, the distance between the two contif2@. We
have not analyzed the intensity distribution in a quantitative
way. The precise intensities in the electron spectra can only
be obtained if the line shapes of the individual lines are

n-

known. A deconvolution of a spectrum like the one pre-
sented here is very difficult. There are many signals and
many free parameters in the fitting procedure and we do not

$xpect that a unique fit can be obtained. Interference between

overlapping autoionization lines is significaf&1,32, and
has to be taken into account.
Table 1V includes a comparison of the calculated and ob-
served branching ratio for Auger decay to trecdntinuum.
The experimental branching ratios are only approximate
Eience we did not deconvolute signals that are overlapping
with neighboring signals. There is a fair agreement between
the calculations and experiment except for the states that
g?ve a calculated branching ratio close to zero. This can be
xplained by the crude way used to measure the intensities of
the lines, causing large absolute errors for weak signals.
We have compared the positions of the observed signals
with the PCI shifted theoretical lines. This gives an indica-
tion about the accuracy of the calculated lifetimes. It can,
however, not be an absolute test, since the position and the

The most intense Auger electron signals in the 2-13 e\Viifetime could be wrong both and still agree with the experi-

region can be attributed to the decay o&°2pnl (n

mentally observed energy. The neglect of the interference

=8-12) levels. In Fig. 7 this part of the Auger electron limits the accuracy of the conclusions that can be made from
spectrum is presented. Starting at 3.26 eV a series of linehe comparison between the theoretical and experimental re-
with decreasing intensity is seen. The intensity decreasesults. It is however possible to observe that the general
through then 3 autoionization probability. This series is dis- agreement is good.

appearing in an intense group of unresolved signals which The experimental and theoretical results are summarized
have energies between 12 and 18 eV. The energy gap b&r Tables IV, V, and VII. We notice good agreement with
tween the 3 and 2o continua is 16.1 e\{29]. Therefore, previously reported experimental and theoretical results
part of the intensity in the 12—18 eV region can originate[2,33,34. The calculated energies of tk®4) states are gen-
from the 2onl series. This intensity also comes from other erally higher than the ones calculated by Boudjehal., but
processes, since the intensity distribution cannot be exit very well with data from Bachaet al. [33]. The results
plained solely by pnl decay. In this paper thephl decay include singlet and triplet states.

only will be discussed up to 13 eV. A detailed discussion of The line at 37.3 eV is identified ass3d 3D. It is popu-

the signals in the 12—18-eV energy region will be presentedated in a spin exchange process. For this particular line, its

in a forthcoming paper.

The energies of thenl (n=8-13) withl<5 have been
calculated with the Cowan prograrf8]. The resulting en-
ergy regions for the different2nl states are indicated in the

position is clos€0.3 eV) to a singlet line and the experimen-

tal line width suggests that several levels contribute to the

line. Consequently, the identification is optional.
The line at 42.38 eV is identified as th@3 D term. Its

figure for the differenin-values. The accuracy of the calcu- sisterline to the & continuum is also observed, in agreement
lated energy regions is decreasing with increashggiantum  with the calculated transition rates.

numbers due to the increasing complexity of the wave func-

tions. It is expected that the lowlevels have larger Auger

The lines at 43.1 and 43.7 eV are well resolved and are far

away from calculated singlet signals. They are assigned as
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TABLE VI. As in Table V for Né*(1s?4141") singlet and triplet states.

State E@€V) Ecm SA(sH SA(s™)H o1 BR 15?25 Epg (€V)  Eeyp(€V)
4s4s's,  339.99 2.8813 16110 559-04 016  132.7/116.7 116.8/-
4s4p°P,  340.95 32613 15910 4.89-04  0.08  133.7/117.7 -/117.8
4s4p®P, 340.96 340.97 32613 1.59+10 4.90-04  0.08  133.7/117.7 -/117.8
4s4p®P, 340.98 32513 15910 4.89-04 008  133.7/117.7 -/117.8
4s4d'D, 342.04 6.16-13 1.76+10 2.89-04  0.11  134.8/118.7 -I-
4s4p'P;  342.48 1.0914 1.80+10 1.66-04  0.08  135.2/119.1 -/119.0
4s4dD, 342.70 6.1813 2.02+10 3.2704 0 135.4/119.4 -I-
4s4d°D, 342.70 342,70 6.1913 2.02+10 3.2704 0 135.4/119.4 -I-
4s4d°D, 342.70 6.1913  2.02+10 3.27-04 0 135.4/119.4 -
4s4flF;  343.77 21613  1.12+10 5.90-04 0 136.5/120.5  -/120.1
4s4p's, 344.54 2.6214 26010 9.9:-05  0.02  137.3/121.1 -i-
4s4p'D, 344.81 2.8%14 1.97+10 7.02-05 0 137.5/121.3 -I-
4p4afiG, 344.91 13314 21510 1.59-04  0.03  137.6/1215 -i-
4s4f3F, 344.91 12813 19710 15703 003  137.6/1216 -I-
4s4f%F, 344.92 34492 12613 19710 1.56-03  0.03  137.6/1216 -I-
4s4f3F, 344.92 1.2613 1.96+10 1.55-03 0.03 137.6/121.6 -I-
4p4afiF, 344.95 3.0213 1.8810 6.21-04 0 137.7/121.7  -/1122.0
4padP, 34568 34568 1.0214 259+10 2.53-04 0 138.4/122.4  -/122.0
4padiP, 345.68 6.46-12 2.59+10 4.03-03 007  138.4/122.4  -/122.0
4p4afiG; 34591 2.7#12 122+10 43703 011  138.7/122.6 -
4p4afiG, 34592 34592 27712 12110 4.3503 011  138.7/1226 -i-
4p4afiGs 345.93 27812  1.21+10 4.33-03 011  138.7/122.6 -I-
4p4adiF; 349.10 2.46-14 2.19+10 8.90-05 0 141.8/125.6 -
4p4d'P; 350.15 34214 27710 8.09-05 0 142.9/126.6 -
4p4af'D, 351.59 2.3314 3.10+10 1.33-04 0 144.3/128.1

4pad's, 352.97 3.40-12 411410 16802 052  1457/129.7

3p3d 3D and 33d 3P states. 3P signal at 77.4 eV. We identified the signal to the decay of

The line at 47.0 eV is identified as 3d F state. The the 3p4s P state to the p continuum. The signal at 79.9
sisterline to the & continuum is also observed. This is in eV is most likely assigned to thep@d D, state, very close
disagreement with the calculated branching ratio, probablyo its calculated value, but thep@p 3D state is calculated at
due to the approximative method used to determine the €X80.2 eV and cannot be excluded.
perimental intensities, as described above. The signal at 133.7 eV is intense, but it does not match

The signals at 49.5 and 50.0 eV are unambiguously attribthe signals in the calculated data set. It is probably due to the
uted to 31* 'D and 33d 'D states. Previously Boudjema decay of a (3) state withn=5. Many of the unidentified
et al.[2,3] observed a single signal at 48.5 eV, and assignedignals in Table VII originate from these high states that can
it to the 3d? 'D state. Contrary to these authors, we find thatnot be included in the calculations. In the energy region
both signals have roughly the same intensity, and we see thgl5-123 eV our experimental results agree with previous
decay of these signals to thes Zontinuum, in agreement results from Boudjemat al. [3].
with the calculated branching ratios. The intensity ratios to Most differences between the present measurements and
the 2s and 2o continua are in agreement with the calculatedthe experimental results from Boudjeraaal. [2,3] are due

branching ratios. to the difference in resolution between the two data sets. The
The signals in the 52—54 eV energy region are not redeconvolution procedure used by Boudjeetal. should not
solved. The assignments in this region are tentative. give different line positions. It is, however, difficult to obtain

The signal at 77.37 eV is the most intense signal in thea unique result using a deconvolution procedure that contains
spectrum. It is attributed to thes3f 'F; state. Its width several free parameters. In our opinion a direct identification
allows for contribution from the B4s 3P and 4f °F as presented in this paper is necessary.
terms. A clear general trend with regard to the probability of the

Previous studies reported the absence of teés3'D population of levels, with a certain angular momentum could
decay[2,3]. We do observe the signal at 88.90 eV, close tonot be observed. However, tti¢,4) levels, with a total an-
its calculated value. The state is weakly populated, the intengular momentum quantum numbkr=1, are mostly popu-
sity is only 25% of the intensity of thes3p P decay to the lated. In the(3,4) levels it is hard to draw conclusions, but in
2s continuum at 90 eV. general 34f states are populated. For tl(®,3) levels the

The signal at 78.4 eV has not been reported before, to oBs3p 3D, 3p? D, 3p3d F, 3d? D, and 33d P states
knowledge probably due to blending with the intengel8  are most intense in the Auger spectra.
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IV. OBSERVATION OF DECAY FROM TRIPLET STATES TABLE VII. Assignment of electron transitions from

. " Ne®*(1s24141") states to the B and d continua. The theoretical
Many of the observed EUV and Auger signals originategeciron energies uncorrected for the PCI effect and a factor due to

from triplet states. However, the radiative signals originateye angular dependence of the PCI effect as described in the text are
from states in the final decay cascade. Be-like neon is not gresented to theBandd continua, respectively, together with the
pure LS system. Intercombination transitions are approxi-experimental values.

mately as likely ag\S=0 transitiong30]. Many of the ob-

served triplet signals could originate from such processes. Level Etheory (€V) Eexpt
The intense 83d 3P signal at 106.10 A does according to 1

the calculations with the Cowan programs mainly originate“p‘mI Fs 0.6/- 0.6/-

from triplet states. We have performed the experiments un?P4d'D 1.7/0.2 1.9

der single-collision conditions, which implies that the con-4p4f'D 3.1/1.6 3.1/1.5

tamination of two-electron transfer processes is only minor4p4d‘s 4.5/3.0 4.5/3.1

The signal cannot originate from double-collision processes

only. We conclude that this particular decay can be ex-

plained as due to a spin exchange. This process has begpectra. The experimental data has been recorded with un-

described by Blimaret al. [35]. precedented resolution, to our knowledge, and the analysis
The identification of not completely resolved signals in has been done without deconvolution techniques. The energy

the Auger spectrum is difficult due to the possible interfer-positions of the signals were determined. Only the relative

ences between sig_nals that are close in energy. As describgfensities of well-resolved signals have been used in the
above, deconvolution of the spectra has not been done, a%alysis.

the interferences have not been taken into account. There- In general, a good agreement between the theoretical and

ioinating f triolet level idered %xperimental data sets has been observed. The final decay
originating from triplet upper 1evels are considereda. hpath of the TDC is observed directly in the EUV spectra, and

Or_le line m_the Auger spectrum can be |dent|f!ed wit from this the feeding decay path can be estimated. Thus in-
certainty as originating from a triplet upper state, since it is

resolved and not in the vicinity of possible singlet lines aC_formanon on the T.DC .decay ha§ been optamed, to our
cording to the calculated data: the decay of the8@ D knowledge, for the first time with high-resolution EUV data.
state at 59.3 and 43.1 eV to thé and 2 continua, respec- The comparison between the Auger electron spectra and the
tively. The intensity of this decay is too high to explain it as calculated atomic data sets shows good agreement, consider-

due to double collisions. It is therefore due to a spin ex-N9 the calculated center of gravity of the multiplets and the
change. observed energy positions of the signals. The branching ra-

tios to the 2 and 2 continua could be determined from the
experimental data for some well-separated signals, showing
good agreement with the calculated branching ratios. The

A comparison has been presented between new atomitecay of well-resolved triplet states in the Auger data and the
structure calculations on doubly excited Be-like neon andlecay of the §3d 3D signal in the EUV data is due to a
experimental data sets consisting of Auger electron and EU8pin exchange.

V. CONCLUSIONS
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