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High-resolution experimental investigation of direct and resonance processes have
been carried out in collisions of electrons with the alkali, alkaline-earth, zine, cad-
mium and thallium atoms and with their ions by using the electron and photon spec-
troscopy methods combined with a crossed beam technigue. The energy depen-
dences of the electron-impact excitation cross-sections for the atomic autoionizing
states, for the dipole-aliowed, intercombinational, non-dipole-zllowed transitions
and dielectronic recombination in iens have been studied, as well as the energies and
widths of the observed resonances, The role of relativistic, electron-correlation ef-
fects and confligurational mixing in the probability redistribution for electron and ra-

diative atomic autoionizing states decay channels have been established.

The detailed experimental high-reso-
lution investigations of direct and resonance
processes have been carried out during last
decade in collisions of electrons with the al-
kali, alkaline-earth, zinc, cadmium and thal-
lium atoms and with their singly-charged
ions at the Department of Electron Proc-
esses. The electron and photon spectroscopy
methods combined with the electron-atom
and electron-ion crossed beam techniques
were used.

The experimental setups comprise the
following innovated elements: a high-
temperature metal-vapour beam source; a
high resolution electrostatic cylindrical elec-
tron monochromator and analyzer; a low-
voltage discharge ion source, the spectral
monochromators for the 40-830 nm region, a
modulation system for the detection of ex-
tremely weak photon fluxes; a PC-based unit
for controlling the experimental procedures
and data processing.

During the investigation the main atten-
tion has been paid to: the role of resonances in
the excitation of atoms (including that of the
autoionizing states {AIS)) and ions; the eluci-
dation of new regularities and phenomena in
the dynamics of electron-atom and electron-
ion scattering related to the excitation and de-
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cay of the negative-ion states and atomic AlS;
the search for and study of the emissions re-
lated to the radiative decay of AIS.

The atom beam formed by a high-
temperature metal-vapour beam source was
intersected at a right angle by an electron
beam. The high-resolution electrostatic cy-
lindrical electron monochromator and ana-
lyzer were used to obtain the monoenergetic
electron beam and analyse the gjected elec-
trons.

The ions of metal atoms produced in the
low-voltage discharge (Ug£12V, ie. cer-
tainly less than the excitation energy of the
long-lived ionic states) ion source were
formed into & beam by an ion-optical system
and separated from the atoms by a 90° elec-
trostatic capacitor. The ion beam (E=600eV,
I=8-107"A) was intersected at a right angle
by a ribbon electron beam (E.=d4+400eV,
I=(5+35)-107A, AE,p=(0.35+1) eV energy
spread (FWHM)) at a pressure of 10" Torr.
The radiation from the interaction volume
was spectrally separated by means of an op-
tical high-luminosity MDR-2 diffraction
monochromator or a 70° vacuum mono-
chromator using the Seya-Namioka optical
scheme and was detected by a cooled FEU-
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140 (“Foton™) or FEU-142 photomultipliers
operating in the counting regime. The signal
was distinguished against the background by
a rectangular phase-shifted pulse modulation
of electron and ion beams. The experimental
data were measured and processed by a PC-
CAMAC system.

The studies were done using an appara-
tus with intersecting electron and ion beams,
the basic units of which are described in [1].
Since the radiation of the studied metal ions
lies in the wavelength range of 40-830 nm,
the high-luminosity visible region mono-
chromator and the vacuum monochromator
were used.

The following results have been ob-
tained:

the electron-impact excitation cross-
sections for the atomic AIS and their en-
ergy dependences;

the energies and widths of the negative-
ion resonances, their probable decay
channels;

— the wavelengths of the spectral lines cor-
responding to the radiative decay of qua-
simetastable atomic AIS with their tenta-
tive assignments;

the excitation functions and the analysis
of excitation mechanisms for these spec-
tral lines;

the absolute cross-sections of the near-
threshold electron-impact excitation and
dielectronic recombination of singly-
charged ions and their energy depen-
dences;

the resonance contribution to the elec-
tron-impact excitation cross-sections for
the dipole-allowed, intercombination and
non-dipole-allowed transitions in ions, as
well as the energies and widths of the ob-
served resonances;

the role of relativistic, electron-corre-
lation effects and configurational mixing
in the probability redistribution for elec-
tron and radiative atomic AIS decay
channels in electron-ion collisions.

The most significant results in electron
collisions with atoms during last decade in-
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clude the observation for the first time of
core-excited negative-ion resonances in Li,
Na and K atoms, their spectroscopic identifi-
cation, the determination of the decay chan-
nels and post-collision interaction (PCI); the
search for and study of emissions related to
the radiative decay of quasimetastable
autoionizing states (QMAIS) and investiga-
tion of the energy dependences of their ex-
citation cross-sections.

In present work, only some of our results
obtained during last decade in the field of
electron-ion collisions will be presented.

For the alkali metal ions the recombina-
tion, excitation and s-ionization processes
have been studied [1] . The energy depend-
ence of the excitation emission cross sections
for the 10 resonance lines and 6 spectral
lines for the s-ionization of K, Rb* and Cs”
ions were investigated within the energy
range from the threshold up to 400 eV, The
dielectronic recombination process for the 3
spectral lines lying below the excitation
thresholds of the resonance levels of these
ions were also studied. The excitation func-
tion of the Cs ion for each process men-
tioned above are presented in Fig.1. Cne can
see thal the resonance lines of these ions are
most effectively excited, while the lines of
the recombination process have their cross-
sections of a factor of 3-4 while the lines of
the s-ionization are more than one order of
magnitude smaller at the excitation effi-
ciency maximum. By order of magnitude,
the excitation cross-sections of resonance
lines of K", Rb" and Cs" ions are equal to
1077 ¢m® and only in the near-threshold re-
gion they are ~107'® em® The excitation
cross sections increase from K™ to Cs™ ions.
The results indicate that an important role is
played by the capture of the projectile elec-
trons by alkali-metal ions, with the formation
of short-lived AIS states of the neutral atoms
and ions, For ions with an appreciable spin-
orbit splitting of the levels, the decay of the
AlISs oceurs efficiently through the Coster-
Kronig effect. In the near-threshold energy
region, the population of the excited levels of
the alkali-metal ions occurs predominantly
due to the resonance processes.
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VUV emission within the 70-200 nm
spectral range arising at the electron-impact
excitation of valence [3], subvalence [4], two
valence [5] electrons and dielectronic re-
combination [6] of the T1" ion was studied.
The energy dependences of excitation emis-
sion cross sections for the differemt spectral
transitions in T1” ion (see Fig.3) were meas-
ured from the threshold up to 300 ¢V, Strong
resenance features were observed in the
near-threshold excitation of all spectral tran-
sitions, They result from the decay of the
atomic AIS produced by the simultaneous
capture of incident electron by u:un with the
excitation nf one of the valence 6s%- or sub-
valence 5d'"electrons. A broad maximum
near 50-60 eV observed in all energy de-
pendence curves is related to the inner-shell
electron excitation, The effective excitation
of the intercombination transitions, as well
as that related to the excitation of two 6s°-
electrons, are explained by the manifestation
of the relativistic and correlation effects in
the heavy T1" ion.
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Fig.3 Energy dependence of the excitation cross sec-
tions of the T1” ion resonance and intercombination
lines,

A detailed high-resolution study of the
excitation of the Zn" [7] and Cd" [8] reso-
nance lines have been carried out in the en-
ergy interval from the threshold up to 150
eV, Our results (see Fig.4) attest to a compli-
cated mechanism of near-threshold electron-
impact excitation of these lines, The mecha-
nism involves the efficient occurrence of
resonance processes — dielectronic recombi-
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nation and resonance excitation. Dielectronic
recombination is the main mechanism of the
satellite line excitation lying within a narrow
wavelength range close to the resonance
lines. The intensity of the dielectronic satel-
lites is determined by the probabilities of
both electron capture and radiative decay of
the corresponding AlSs. The main compet-
ing mechanism here is the electronic decay
of AlSs to the ground or excited states of the
ion. The latter is manifested in the resonance
excitation of ions. Relativistic and correla-
tion effects strongly influence the ratio of the
radiative and electronic decay probabilities
of AISs, and these effects become increas-
ingly important for heavy atomic systems,
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Fig.4 Emnergy dependence of the excitation cross sec-
tions of the Zn” jon resonance lines,

High-resolution measurements of the
atomic constants and the fundamental
knowledge on new mechanisms of different
collisional processes (including the reso-
nance phenomena) have a substantial effect
on other fields of science: plasma physics,
fusion, astrophysics, upper atmosphere
physics, quantum clectronics, and, in par-
ticular, the laboratory and astrophysical
plasma diagnostics, radiative plasma cooling
in fusion applications, spectroscopic data
interpretation and the development of new
theoretical models for the processes occur-
ring in the astrophysical objects, active ex-
periments with artificial plasma clouds in the
outer space, in the detailed analysis of ki-
netics of the processes in laser systems and



HaykoBwuii BicHuKk Ykropojacekoro yHiBepcuteTy. Cepis ®izuka. Bumyck 8. Yactuna 1. — 2000

in the search for the active laser media oper-
ating in the short-wave spectral region.
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BUBYEHHS IIPSIMHUX I PEBOHAHCHHX ITPOLECIB
JITKHEHDB EJIEKTPOHIB 3 ATOMAMM TA IOHAMHUA
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Metogamu enexkTpongel | doTorHol cnexTpockonii B yMoBax myudxie, o nepe-
THHAKTBCR, NPOBCOSHe NPelliiH] CRCNepUMEHTANBHI NOCTILAMEHHA NPAMHX |
[CI0HAHCHWX TIPOUECiE 2iTKHEHBL £IeKTPOHIB 3 aToMaMu Ta loHaMM NYHHHX,
NVEHOIEMENREHY MeTanin, UMHEY, HaAMilo Ta Tanin. BHEYEHO CSHepreTHyHI
zanemHocT edeRTHEINY Nepepitin s0ymaxenua ong aToMapuux apToionizamifnmy

CTAHIB,

OOTHYHO JO3IBOICHHK, IHTCpROMOIHALINHAX, onTHYHO sabdoposHcHMX

nepexodie ta AlenesTpoHHO! pexomOidauil jomie, a rTawow enepril 1 wupuHA
COOCTEREMYBAHMX pe3odadcis. BoTaHosneHo cYTTEEY pPONE  PEIATHRICTCRKME,
wopenanifinnx edexTis T8 xondirypauifitoro sMilrysanHA piBHIB ¥ nepepoanogini
fiMoRipuocTel enerTponHoro | pamiauifvore kasanie poanamy aptoioHizauifAMX

CTAHIE,
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