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ELECTRON-IMPACT IONIZATION
CROSS-SECTIONS OF Sr ATOMS FROM
GROUND- AND METASTABLE STATES
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Electron-impact ionization of Sr atoms from ground- and triplet metastable states
has been investigated using a crossed atomic and electron beam technique. The
value of the total ionization cross section from the ground- and metastable states was
determined. It has been found that ionization cross sections from the metastable and

ground states differ considerably.

Introduction

The processes of electron-impact ioniza-
tion from metastable atomic states are of con-
siderable importance in artificial and natural
plasma due to their low thresholds and high
effective cross sections. Meanwhile, experi-
mental data on ionization from metastable
states have been obtained only for a limited
number of atomic species. Present paper deals
with experimental study of ionization of Sr
atoms from ground- and triplet metastable
states in the energy range from threshold up
to 40 eV (for ground-state atoms) and to 20
eV (for metastable-states atoms).

Experimental

The process was studied in the normally
crossed atomic and electron beams with ion
detection in the analog mode. The idea of the
experiment is presented in [1] (see Fig.1).
The metastable Sr atom beam was produced
in the discharge chamber (Fig.1) through
which the ground-state Ca atom beam was
transmitted. The beam of normal atoms was
formed by a thermal effusion source and a
system of collimating slits. The ground state
and metastable-state concentrations in the
region of interaction of the atoms with the
electron beam were determined by an ab-
sorption method. The reliability of this
method of investigation was confirmed by
the fairly good consistency of our results on

ground-state atom ionization with data of
other paper [2] (see Table 1).
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Fig.1. Experimental layout:. 1 - ground-state
atomic beam source; 2 — discharge chamber; 3 -
capacitor; 4, — atomic beam flag; 5 — electron
monochromator; 5' and 5" — electron collector elec-
trodes; 6 — collision region; 7 — ion collector; 8 —
axial electrode (probe); 9 — atom collector; 10 —
voltage sources; 11 — electrometer; 12 — X-Y re-
corder; 13 — D/A converter (DAC); 14 — voltage
amplifier; S,-Ss — atomic beam collimating slits

Table 1. Effective ionization cross section for the Sr
atom from the ground state (10”° cm?) at the 20eV
incident electron energy

Present paper Okuno [2]
7,6 7,8
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The uncertainties of measuring the me-
tastable atom ionization cross sections are as
follows: 5% - for the energy dependence of
ionization cross section from the threshold
up to 6.1 eV (the ground — state atom ioniza-
tion threshold); 12% - for that within the
6.1+20 eV energy range; 60% - for the ab-
solute ionization cross section. These values
of uncertainties correspond to the 0.9 reli-
ability. The vacuum in the collision chamber
was about 1-107 Torr.

Results

The results of the experiments are pre-
sented in Figs. 2 and 3. In these figures the
ionization cross section in arbitrary units (Y
— axis) is plotted against the incident electron
energy in eV (X — axis).
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Fig.2. Effective ionization cross sec-
tions from the ground state:

Okuno [2] (1); present paper (2)
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Fig.3. Effective ionization cross sections
for Sr atoms from the triplet metastable
states (1) and the ground-state (2)
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The use of the electron monochromator
allowed the structure in the energy depend-
ence of ionization cross section for normal
atoms (see Fig.2) to be revealed in more de-
tail within the 20-25 eV energy region.

Upon starting the analysis, one should
note that the Sr atom has two metastable
terms: the singlet 5s4d'D, — term with the
2.50 eV excitation energy and the triplet one
5s5p°Py,, the excitation energies of compo-
nents being 1.78 eV and 1.85 eV, respec-
tively. The working concentrations of the
triplet metastable 535p3Pg,2 — states in the
collision region were 6:10° cm™. The singlet
metastable 5s4d'D, — state concentration due
do its small value was not measured experi-
mentally however, we estimate it to be about
3-10® cm™, which corresponds to the sensi-
tivity of our absorption technique of meas-
uring the atomic beam concentrations.

Table 2. Effective ionization cross sections for the Sr
atoms from the metastable states

Initial Q™ 105, ]  QWQ°
state sz
5s5p *Po, 2,1 2,8

As is seen from curve 1 of Fig. 3, the en-
ergy dependence of the ionization cross sec-
tion from the metastable state reveals a flat
maximum at E~11 eV, a structure at E~4.4-
5.7 €V, shoulders at E~5.7 and 6.8 eV. The
energy dependence of the ground-state atom
ionization cross section has the form a
structureless monotonically increasing curve.
Table 2 lists the absolute ionization cross
sections from the metastable states (Q;"™) and
the ratio of the ionization cross sections from
the metastable and ground-state Srl atoms
(O /Q°) at the 12.5 €V incident electron
energy. Presence of the structure, shoulders
and additional maxima in the curve 1 (Fig. 3)
testifies to the occurrence of different
mechanisms of ion production from the me-
tastable states.
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IIEPEPI3H IOHI3AIIII ATOMIB Sr
EJEKTPOHHUM YJIAPOM 3 OCHOBHOTI'O TA
METACTABLIBHUX CTAHIB
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Iocnimkeno mponec ioHizanii aToMiB St eIeKTPOHHUM YAapOM 3 OCHOBHOTO Ta
MeracTabiIbHUX CTaHIB i3 3aCTOCYBaHHAM TEXHiKM NEPEXPECHUX aTOMHOIro Ta
€NEKTPOHHOTO My4KiB. BuzHaueHo abCOMOTHI BEIMYHHH MIOBHOIO Mepepizy 10Hi-
3a1ii aTOMiB 3 OCHOBHOTO Ta 3 MeTacTabinbHUX CTaHIB Ta MOKA3aHO, 10 BOHHU AY-
e BiIpi3HAIOTHCS.
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