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A precise investigation of the electron-impact excitation emission ¢ross sections for
the laser transitions of the Cd” ion have been carried out by the spectroscopic
method using the crossed electron and ion beam technigue. A significant role of the
resonance processes was found near the excitation threshold up to the Cd 1l ioniza-
tion potential. A dominant contribution of the resonance provesses via the Coster-
Kronig decay of the 4dq[jDJ,g]551nl autoionizing states was observed between the
Dy and ‘D levels splitting for the 3441 6 nm laser line. For the 1325.0 nm and
A353.6 nm lines the dielectronic satellites were found below their excitation thresh-
olds at first time. The energy dependence of excitation cross-sections for the laser
lines were compared with the K Hane er 2. results, whilst the total excitation cross-
section for the laser transitions was compared with the . Zatsarinny er af 15CC

caleelation data .

Excitation of positive ions by electron
impact enters intimately into the modeling
and diagnostics of high-temperature plasmas
such as those encountered in astrophysics
and controlled fusion. It is unimaginable that
the millions ol cross sections needed for
such modeling could be measured, but accu-
rate experiments on excitation cross sections
of relevant ions are needed as benchmarks
for testing the theoretical methods used to
compute such cross sections.

The development of experimental tech-
niques in recent years has rendered the de-
tailed study of scattering cross sections of
¢lectrons by positive ions and, particularly,
their resonance structure increasingly practi-
cable. This structure is caused by the capture
of an incident electron by the excited ion tar-
get into short-lived autoionizing states (AlS),
the further multichannel decay of which
leads to a sharp variation in the scattering
cross section. Resonance phenomena strong-
lv affect all electron-ion collision processes
and can considerably influence their cross
sections, especially in the near-threshold re-
gion. The resonance contributions strongly
depend on the type of transition and the size
of the direct cross section. They also show a
non-regular behaviour when the ion charge is
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changed, their relative importance varying
within a wide range, i.e. from few percent in
the case of strong dipole transitions to 2-10
times for weak forbidden transitions.

The data on the interactions of electrons
with cadmium ions have many applications,
which include modeling of cadmium-vapour
lasers and spectroscopic diagnostics of ion-
thruster plasmas. One of the most stable and
useful metal ion lasers is the positive column
He-Cd" laser (441.6 nm and 325.0 nm).

The jonic Cd" (4d°ss?) *Dsnse- and
Cd*'*ﬂ-dlnipj ZPu]f],l,'z‘SmtES are the upper
and lower states of this laser.The
Cd"(4d%58%) "Dsspn-states are called the
Beutler states in which one of the inner-shell
electrons is excited. The cross-section meas-
urement for the excitation of a bound state of
an ion by promotion of an inner-shell elec-
tron is a subject of some general current in-
terest. The energy dependence of the absolute
cross section from the ionic ground state to
the ionmic Beutler states have been investi-
gated only for the Cd" ion experimentally
[L2].

In present work the following processes
have been studied from the thresholds up to
120 eV
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e+ Cd' (4d'"5s) 281p =
e+ Cd"" (4d°55%) "Dspn —
— e+ Cd"” (4d"%5pV P asn+ Avias (1)

hi=441.6 nm (5/2—3/2);
A5=325.0 nm (3/2—1/2);
A3=353.6 nm (3/2—23/2).

In detail the experimental apparatus (see
Fig.1) has been described in [3]. The elec-
tron and ion beams are crossed at a right an-
gle under 10°® Torr vacuum condition. The
Cd” jons produced in the low-voltage dis-
charge (Ug < 12 V, i.e. certainly less, than
the excitation energy of the long-lived Cd"
(4{:‘!9532} ZDjrzlyg states) iom source were
formed into a beam by an ion-optical system
and separated from the Cd atoms by a 90°
electrostatic capacitor. The energy of ions
was 600 eV and the ion current was 6-107
A. A three-anode electron gun produced a
ribbon electron beam in the energy range of
7+120 V. with a current of (7+10)-10° A
and the full energy width at half maximum
(FWHM) of the electron energy distribution
curve equal to AE;»=0.35 eV. Spectral sepa-
ration of the radiation was performed with an
optical diffraction monochromator. The in-
verse linear dispersion of the monochroma-
tor was di/dl = 2 nm/mm. A cooled FEU-
140 (*FOTON") photomultiplier was used as
the radiation detector.
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Fig.1. Scheme of the experimental apparatus,

The method of modulation of two beams
by square voltage pulses phase-shifted by %4
of the modulation period was used to extract
the signal due to the process under study
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from the total background (the noise of de-
tector and the background due te the colli-
sions of electrons and ions with residual at-
oms). A signal of (3+0.5) 5" magnitude was
extracted from the background with signal to
background ratio from 1/30 to 1/15. The pro-
cesses of performing the measurements and
analyzing the results was automated using

CAMAC modules and IBM PC.
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Fig.2. The energy dependence of the electron-impact
excitation of laser lines of the Cd" ion.

The results of a detailed investigation of
the energy dependence of excitation emis-
sion cross section of laser transitions from
the Cd’ {41:19552} EDSJ'L]_Q — levels are pre-
sented in Fig.2. In Fig.2 the energy positions
and configurations of the Cd atomic AIS are
also shown [4,5,6]. The vertical bars show
the errors in the relative measurements. The
uncertainty of the relative emission cross
section was evaluated to be about £15+20%.
The absolute value of the emission excitation
cross sections were obtained by normalizing
the experimental excitation functions on the
15 states close-coupling (15 CC) calculation
[7] at the 40 eV electron energy. The uncer-
tainty for the absolute cross section determi-
nation was about £15%, The electron energy
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scale was calibrated with an accuracy of 0.1
eV from the threshold part of the excitation
function of the Cd atom resonance line
(,=326.1 nm), for which the spectroscopic
excitation threshold is known. The excitation
functions have revealed the distinct reso-
nance features not observed earlier [1, 2].
In these works the laser lines A=441.6 nm and
2=325.0 nm were studied, while the laser line
4=353.6 nm was studied by us for the first
time. The resonances are due to the electron
capture by the Cd" ion resulting mainly in the
formation of the 4d°(’Dsaz30)3'nl (4],
4d°5s5p® [5), 4d’5s5pnl, 4d’5pnin'l' [6]
atomic AIS, the subsequent decay of which
leads to the significant population of the up-
per laser states. The observed broad maxi-
mum above the ionization potential of the
Cd” ion is due to the d-excitation of the
4d°5s6s, 5d, 4d°5p?, 4d°5p5d and other Cd I
states.
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Fig.3. The decomposition of a tofal resonant contri-
bution into the separate Gaussian-sharped compo-
nents,

A predominant contribution of the reso-
nance processes via the Coster-Kronig decay
of the 4d*(*D3z)5s'nl AIS was observed be-
tween the “Dsa and “Dip levels splitting
(ALE=0.69 eV) for the A441.6 nm line. In this
case the Coster-Kronig decay was revealed
in a form of three separate components of
different intensity (see Fig.3). The most in-
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tense component corresponds to the energy
positions of the 4d°(*Dy)55%9p,6f AIS of the
Cd I atom [4]. The decomposition of a total
resonant contribution into the separate Gaus-
sian-shaped components had enabled the ob-
served structure in the energy dependence of
excitation cross-section to be identified more
clearly (see Fig.3).

The dielectronic satellites for the
3=325.0 nm and 3=353.6 nm lines (see
Fig.2) were observed by us for the first time
below their excitation thresholds in energy
range between the EDS,Q and “Dipn levels
splitting. They are due to the radiation tran-
sitions between the 4d°(*Dsp)5snl and the
44'%4p(*P1n32)nl atomic AIS. The dielec-
tronic satellites distort the excitation behav-
iour near threshold.
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Fig.4. The energy dependence of the electron-impact
excitation of laser lines of the Cd” ion [1,2].

There is an essential difference between
our data and those of K. Hane et al. both in
the magnitude (about 20 times) of the abso-
lute excitation cross sections, and in the be-
haviour of their energy dependences {see
Fig.4). These differences are caused by
worse experimental conditions in [1,2] as
compared to our experiments.

Our experimental energy dependence of
the total excitation cross section for the
4d%58% 2Dsp 3 — 4d'%5p 2Py 30 transitions is
compared to the 15CC calculation data [7]
{see Fig.5).
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laser 4d°5s® *Dgpan - levels of the Cd™ ion

.;53. l : cd' ] results predominantly from the resonance
< _ SR processes, not from the direct electron-
% j{ ] dan e i impact excitation of the quadrupole
Z 2t ii; : h I - (4d""55’Sn —4d*55* *Dspaa) transitions.
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CnekTpockonisHEM METONOM B YMOBaX NMYYKiB, MO NEPETHHAIOTRCA NIl MpAMMEM
EYTOM, Npeunsifiso nochifxeno eHepreTHuH] 3anmemsocT] edekTHsHHY nNepepisis
IDYIHCHHA Ta3CPHITE nepexoais iona Cd' npH enekTpoH-ionHux 3iTknennax, Beora-
HOBACHD CYTTEBY DOh PEIOHAHCHMX 1PonScis Bil noporis i0yvimeHRR A0 no-
TeHmiany iosisanii Cd [, Busenewo, mwo naa nazspuoi ainil 4416 um B cwHep-
TFeTHYHOMY TIpOMPERY Mi% Dy | "Dy piBHAME DOMIHYEOUHM € peaoHancHuil Bre-
cox 4d°(CDyz)55°n] antoiomizauifimix crawin wepes npouec Koctepa-Kpowira,
Huwue noporis sOyowehsa ainii 3250 us 1 3536 uM nnepiuie puasnedo ix
HiemexTpodHi catenity. Esepreriuni sanewHocTi efiekTHENEY nepepisip 30ymEen-
HA MA3CpHAX FiRIT MOPIBHAHG 3 eECTICPHMEHTRIBHUMY peavasTaTamy K.Telna Ta
iH, a moBHWMEA edexTHBHUN nepepis 30yAMEHHS [0NA NA3CpHHX ICpEXOfiE - 3
aauHME O, 330apHHEOTO T2 11, POIPAXOBAHAME MeToaoM 15CC,
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