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One of the methods of investigating various ionization processes occurring
in collisions between atomic particles is to analyze the energy spectra of the
electrons released as a result of such collisions. Investigations have shown
(ef. e.g., [1]) that the electron spectra can contain two components. One of
them is characterized by a continuous energy distribution and includes mainly
the slow electrons (<1 eV), and the other constitutes groups of electrons with
discrete energies on the order of 10 eV. The origin of the groups of fast
electrons can be attributed to the excitation of autoionization states of the
target atom in collisions and subsequent decay of these states:

A*+Ba A +B s A*+ B  +e (1)

On the other hand, the appearance of slow electrons is connected with a number
of processes: direct ionization

A*+B+A* +B* +e, (2)
jonization with excitation

A* 4B AT +B* 4o, (3)
and multiple ionization

AY 4B AT 4B L e (4)

However, there are serious difficulties when attempts are made to assess the
relative roles of even these two groups of ionlization processes, namely (1)
and (2) - (4), on the basis of the energy spectra of the electrons. These
difficulties are connected with the determination of the intensities of the
electron-spectrum components, which leads to the need for the study of the
angular distribution and of determining with sufficient accuracy the yield of
the slow electrons.

To determine the contributions of the different processes to the ioniza-
tion energy in ion-atom collisions, we have used in this study the analysis of
the kinetic energy of the incoming ions after they collide with the gas-target
atoms. The experiments were performed with a setup that differed from that
used by us in [2] to study electron-atom collisions in that the electron gun
was replaced by a system consisting of a thermo-ionic source and a magnetic
mass spectrometer with a sector field. We determined experimentally the de-
pendences of The differential ion-scattering cross sections at fixed angles on
the inelastic energy loss (inelastic-loss spectra) and the dependence of the
differential cross sections on the scattering angle at fixed inelastic losses.
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We investigated collisions between K* ions and Ne, Ar, and Xe atoms in the in-
elastic-loss region from 0 to 50 eV and at lab scattering angles from 1 to 10°.
The interval of the initial Kt ion energies was (1 - 3) keV.

Typical energy-loss spectra for the K*Y-Ar case are shown in the figure; we
see that they have a discrete structure. The first peak corresponds to elastic
scattering, the second to excitation of the 3p electron and single ionization
of the Ar atom (process (2)), the third to excitation of the 3p electrons of
the K+'ion, and the fourth the excitation of autoionization states of the Ar
atom connected with excitation of one 3s or two 3p electrons (process (1)) and
ionization with excitation (process (3)). The spectra were ldentified from
data on the energy levels of the incoming lon and the target atom [3, 4]. The
only autoionization levels of the atom shown in the figure are those revealed
by the electron spectra in ion-atom collisions [4].

It is obvious that the threshold energy of the direct-ionization process
(2) is determined by the ionization potential of the Ar atom. Therefore for
each scattering angle the direct-ionlzation contribution can be estimated from
the area under that part of the second peak which is located to the right of
the 3523p5 line. (When separating this part of the peak it 1s necessary, of
course, to take into account the influence of the apparatus function of the
setup on the contours of the excitation lines of the Ar atom, forming the prin-
cipal part of the second peak.) Since the fluorescence yield from the decay of
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the autolonization states of Ar 1s small [5], the contribution of the processes
of autoionization and of ionization with excitation can be found directly from
the total area of the fourth peak. Finally, the contribution of the double
ionization can be estimated from the form of the loss spectrum in the region

Q > 42 eV adjacent to the threshold for this process (not shown in the figure).

The analysis of the loss spectra has shown that the cross section of any
of the inelastic process remains small with increasing scattering angle, up to
a certain threshold value (different for each transition). After these thres-
holds are attained, the cross sections increase rapidly and experience more or
less clearly pronounced oscillations at large angles. The existence of thres-
hold scattering angles has made it possible to integrate the differential cross
sections corresponding to the ionization processes with respect to the angle,
and to obtain data on the relative contributions of these processes to the
total lonization cross section.

It was found that the contribution of the direct ionigation (2) for the
K*-Ar case, in the investigated incoming-ion energy interval does not exceed
5%. The contribution of the double ionization (4) likewise does not exceed
several per cent. The ratio of the cross sections of the ionizatlon processes
remains approximately the same also for collisions of Kt ions with Xe atoms.

It can thus be concluded that in the investigated collision-energy region
the ionization of the Ar and Xe atoms by Kt ions is determined practically com-
pletely by the autoionization process (1) and by the process of ionization with
excitation (3).

In the investigation of the scattering of Kt ions by Ne atoms, no inelastic
energy losses connected with the processes of excitation of autoionization
states and lonization with excitation were observed.

The authors are grateful to Professor N.V. Fedorenko for constant interest
in the work.
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The semiconducting compound CdSnP, is one of the most interesting repre-
sentatives of the class of ternary semiconductors of the type A%B*CE. Compre-
hensive studies of the properties of CdASnP,; have shown that this material 1s a
straight-band semiconductor (AE = 1.16 eV, T = 300°K) with high carrier mo-
bility and with a many-valley conduction band [1, 2]. Cd3nP, is the first
ternary superconducting compound in which the laser effect and high-frequency
current oscillations have been observed [3, 4].
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