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EXCITATION PROCESSES IN Ar-Ar COLLISIONS*

The present work is devoted to study of Ar(3p° 4p) states excitation in binary low-energy Ar-Ar collisions.
The results of the experimental investigation of excitation cross sections of Ar I 4p[3/2],, 4p'[3/2],, 4p'[1/2]

and 4p’[3/2], levels in the colhslon energy range from threshold up to 500 eV (centre of mass system) and
degree of polarlzatlon for 4s[3/2]2 —4p[3/2], and 4s[3/2]2 —4p'[1/2], transitions in this energy range are rep-

resented.
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INTRODUCTION

The importance of investigating non-elastic col-
lisions of argon atoms is conditioned by their signifi-
cant role in different scientific and technical appli-
cations. The determining of quantitative scattering
characteristics in the conditions of a beam experi-
ment plays a considerable role among the numerous
research aspects of non-elastic collision of neutral
particles. The low collision energy range is of spe-
cial interest since theoretical treatment of non-elas-
tic processes at such energies is rather complicated
and, therefore, the quantitative data as well as the
information on mechanisms of population of atomic
levels can be obtained mainly in an experiment (see,
for example, [7], [8], [10], [14], [15], [16]). The de-
velopment of plasma physics, plasma chemistry, and
astrophysics requires clarification of low energy at-
oms interaction principles which is of utmost inter-
est for quantum theory of scattering.

The purpose of this work is the research of cross
sections and mechanisms of Ar(3p® 4p) atomic levels
excitation at collision energies that correspond with
the adiabatic approximation conditions.

SETUP AND MEASUREMENT PROCEDURE

The measurements of the cross sections at inter-
action of an atomic beam with a gas target were car-
ried out by optical methods on a setup, controlled by
computer [3].

The beam of neutral atoms was produced by
means of charge exchange of Ar ions in its own gas
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in extending electrode channels of an ion source. The
density of the atom beam was defined by secondary
electron emission from the detector surface. The de-
pendence of the secondary emission coefficient on
the energy of atoms was measured. The flux density
of fast atoms in the collision chamber reached 10'
particle/(m?s). The angular divergence of the neutral
beam did not exceed 3 x 10~ *sr.

The target gas pressure in the collision chamber
varied from 5 x 1072t0 2,5 x 10~! Pa, the residual gas
pressure did not exceed 3 x 10~ * Pa. The gas pres-
sure at the ion source varied in the range 8 +~ 15 Pa.

The investigated area was at 123 mm distance
from the extending electrode of the fast particles
source and at 12 mm distance from the atom beam
detector inlet. The distance between the detector tar-
get electrode and its input aperture was equal to 47
mm. The scattering of particles from the beam was
taken into account in determination of the flux den-
sity of fast atoms.

The emission of excited particles was observed
at right angle to the atomic beam; therefore, radi-
ating particles of the beam and the target were not
distinguished. The analysis of polarization was im-
plemented using the Glan — Taylor prism. The com-
pensators from the quarter-wave mica plates were
applied to remove the influence of polarizing effect
of the optical monochromator.

The measurement procedure was described in
detail in the work [3].
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The emission cross section was directly meas-
ured in the experiment. Note that the emission cross
section is determined by measuring the spectral line
intensity, the flux density of fast atoms and target
particle density [17].

Taking angular divergence of the dipole radiation
into account, emission cross section is equal to
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where Q — a solid angle, defined by the optical sys-
tem aperture; S(4) — photon count rate; K(4) — abso-
lute sensitivity of the registration system at the given
wavelength; I - beam intensity of the fast particles;
N, — target partlcle density, and L — observation zone
length. The coefficient G — shows the angular distri-
bution of dipole emission:
3-P
3(1=Pcos’ i)’

where P — a degree of polarization, § — an angle be-
tween a beam of fast particles and an optical axis of
a system. The degree of polarization is determined
by the following expression

P - (Ipur pcr)/(lpar per)

where /, and /  — intensities of components which
are polarized in parallel and transversely to the beam
of fast particles respectively. The value # takes into
account a part of the excited fast atoms, which irra-
diate before leaving the observed zone. It is equal to

w1 %exp( 1/x)1 -~ exp(-L/x,)),
where / — the distance between the entry point of
fast particles in the collision chamber and the obser-
vation zone and x,=vt,, where v — colliding particle
velocity, 7, — excited state life time. The multiplier 1/
(I+n) was "obtained from the condition that excita-
tion cross sections of fast and slow particles in sym-
metric collisions are equal.

The atom beam intensity in the observation zone
was defined in the following way:

J

T = ey’ (E)exp(,(E)N,d)’

where J — detector current, e — charge of electron,
y/(E) — coefficient of secondary electron emission
from the detector surface under the action of fast at-
oms, o (E) — cross section of fast atoms reduction
from afomic beam, a d — distance from the observa-
tion zone up to the detector surface.

While calculating the excitation cross sections
the transition probabilities were taken from work
[9], excited-states lifetimes — from [2].

RESULTS AND DISCUSSION

The excitation cross sections of Ar I 4p[3/2],,
4p'[3/2], 4p'[1/2], and 4p'[3/2], levels and de-
gree of polarlzatlon for 4s[3/2]2 — 4p[3/2], and

4s[3/2]) -
ures 1-4.

The statistical errors for the excitation cross sec-
tions and the polarization functions are represented
in the figures (with probability of 95 %). The maxi-
mal estimate of systematic error could reach +55 %
when we take into account the inaccuracy of meas-
urements of the absolute spectral sensitivity, the in-
accuracy of the definition of the secondary electron
yield from the detector surface of the fast particles,
and the inaccuracy of the definition of the gas pres-
sure of the target.

4p'[1/2], transitions are represented in fig-
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Fig. 1. Ar I 4p[3/2], level excitation cross section (*) and degree of
polarization for 45[3/2] X — 4p[3/2], transition (o) plotted against
collision energy ‘of Ar atoms
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Fig. 2. Ar14p'[3/2], level excitation cross section plotted against
collision energy of Ar atoms
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Fig. 3. Ar I 4p'[1/2], leve(l) excitation cross section (*) and degree of
polarization for 4s[3/2] —4p'[1/2], transition (o) plotted against
colllslon energy of Ar atoms
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Fig. 4. Ar14p’'[3/2], level excitation cross section plotted against
collision energy of Ar atoms

The obtained results demonstrate that the polari-
zation degree of emission significantly depends on
collision energy: when the latter goes up, the former
changes its sign. The fact that the sign of the polari-
zation degree changes with the interaction energy
change, proves that the mechanism of level popula-
tion changes too [6].

For instance, since the angular momentum
of 4p’[1/2], excitation level is equal to 1, the posi-
tive polarization degree shows that the magnetic
sublevel o, which is zero momentum projection
onto internuclear axis of the Ar, quasimolecule, is
mostly populated. Negative polarization degree, in
its turn, means that there is a dense population at
magnetic sublevels o, corresponding to +1 projec-
tions. Therefore, according to the data obtained, if
collision energy is higher than 400 eV, the popula-
tion at the mentioned above level is determined by
¥ —X' transactions. If collision energy is equal to or
lower than 300 eV, level population is determined by
Y —I1 transactions due to radial coupling of even

g g .
terms of the Ar, quasimolecule.

It is important to note that since output X terms
of the quasimolecule are actually double excited
terms, it can be assumed that the other interacting
atom is excited too. This fact agrees with Wigner’s
law (system spin unchanged at collision) and with
the research results described in works [14], [15].

The diabatic molecular orbital diagram for homo-
nuclear system [5] and measurement results of the
emission polarization lead to the following conclu-
sion: if collision energy is less or equal to 300 eV,
the population of 4p'[1/2] level is determined by
4pc — 4pr transactions due to rotational coupling at
small nuclear distances. In case of higher energies,
the population is governed by 5fc — 5dc transactions
due to non-adiabatic radial coupling.

It is known (e. g. [1]), that at the interaction of
atomic particles of the type

A+B - A+ B (n)

the excitation cross section of the atomic particle
at fixed collision energy o ~ n, where n is a main
quantum number. However, the obtained data have
allowed to make a conclusion that in this case the
emission cross sections of Ar [ in spectral series de-
pend on the main quantum number as follows: o ~
n*, where o characterizes serial dependence and
varies from 12 up to 17. The values of a as a pa-
rameter of straight lines fitting In o(n) dependence
in interval of main quantum numbers from 4 to 6
for a number of transitions are shown in table (large
confidence intervals indicate that the dependence of
In o(n) is non-linear).
The parameter o for transitions between

Ar(3p°4s) and Ar(3p° np) states (4<n<6)
at 450 eV collision energy

Transitions o
4s11/2)) —np1/2], 12+1
45’[1/2]0—np’[1/2]], 4s[3/2]2—np[3/2]], 1443
4s [3/210 —np [3/2],
4s'[1/2]0 - np'[3/2],, 4s[3/2]3 — np[5/2], 16+3
45 [3/2]] —np [1/2],, 4s[3/2]3 — np[5/2], 1743

These results are in agreement with our data ob-
tained earlier under similar conditions for the Ne I
2p° 3p — 2p° nd series (4 < n < 10) and 2p°3s — 2p° np
series (3 <n < 8), and also with the data for He—He
system [3, 4, 11-13]. Let us note that when 7 is small
for helium o maximum value is 6, for neon it is 12
and for argon it reaches such values as 16—17. It is
obvious from these data that at small »n the value of
o increases with the increase of the atomic mass and
the number of atomic electrons of colliding atoms

(figure 5).
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Fig. 5. The cross sections for He I 2'S — n'P (a), Ne I 3s[3/2]’ —
np[3/2], (b) and Ar 14s'[1/2]) — np'[3/2],, 4s[3/2]) — np[5/2],
(c) transitions at 450 eV collision energy plotted against main
quantum number
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