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A new procedure is proposed for measuring the total cross sec-
tions for the charge exchange of ions with atoms. The energy depen-
, dences of the resonant charge-exchange cross sections of the ions Cat,
Sr*, and Ba* are investigated in the range from 6 to 1000 eV, where
regular oscillations are observed.

We report here data obtained for the,.first time on resonant charge exchange of alkaline-
earth element ions. To investigate thi¥ prdcess, we used original apparatus that offers appre-
ciable advantages over the known methods. These gdvantages are part1cu1ar1y manifest at-low
interacting-particle energies. The idea of our measurement method is to use a quadrupole capaci-
tor as a detector of the slow charge-exchange ions (see Fig. 1).

A cylindrical ion beam (2) properly shaped by an ion-optical system (1) passes along the
axis of a quadrupole capacitor and enters a deep Faraday cylinder (4). A beanm of neutral atoms
(5), shaped by a diffusion source (6), passes between the capac1tor electrodes in a direction
perpendicular to the ion beam. The beam interac-
tion takes place in the region of their intersec-
tion. A’ small constant potential difference is
applied to the electrodes of the quadrupole in such
a way that the potentials of two neighboring elec-
trodes are equal but opposite. This produces in
the quadrupole space an electric field that is
transverse to the ion beam and has a hyperbolic,
axially symmetrical distribution. Since there is
practically no field along and near the capacitor
axis, it is possible to pass through the capacitor
a beam of ions with very low energy, on the order
of several electron volts,

Fig. 1. Arrangement of the charge- On the other hand, the slow charge-exchange
exchange ion detector in the beam- ions produced by the collisions, as well as the
interaction region. ‘electrons and ions produced as a result of “the
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accompanying inelastic processes, are
extracted by the electric field that in-
creases in the direction towards the elec-
trodes of the quadrupole, and are gathered by
the corresponding electrode pairs. Thus, the :
method described above foe detecting charge-
exchange ions combines the advantages of the
parallel-plate capacitor method and of the 3t
cylinder method, and eliminates the short-
comings inherent in each individual method

[1].
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Measurements of the resonant charge 2
exchange of the Ca*, Sr*, and Ba* ions were
made in the kinetic-energy range from 1000
to 6 eV at a primary-ion beam current !
(2 - 8)x10”% A and at an energy scatter 3
2 - eV (at half-height of the distribution
function). The particle concentration in the 1 % 0 % 70 7 0
atom beam, at the p01nt of intersection, was
approximately 10! cm~®. The absolute cross VEeV”
sections were obtained by calibrating the
measuring apparatus against the known electron-
impact ionization cross sections of the atoms Fig. 2. Effective resonant charge-
of the investigated elements [2}. The error exchange cross sections: 1) Ba* +
in the determination of the absolute values of Ba, 2) Sr* + Sr, 3) Ca* + Ca.
the charge-exchange cross sections was 30%,
whereas the error in the measurement of the relative energy dependence of the probab111ty of the
process was 2 - 6%.
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The experimental results are shown in Fig. 2. We see that the effective cross section of
the resonant charge exchange increases on the whole monotonlcally with decrea51ng interaction
energy, and reaches at an ion energy 6 eV values 2.2x10~** cm , 2.7x10"'* cm?, and 3.9x10°'"* cm?
for Ca*, Sr*, and Ba*t, respectively.

Another important result of our investigation is the observation of a clear-cut oscillatory
structure of the energy dependence of the cross section of the process for all three pairs of
the interacting particles. A remarkable feature of this structure is its exceedingly high regu-
larity, namely, all its numerous maxima are ejuidistant when plotted against the reciprocal of
the velocity (see Fig. 3).
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Fig. 3. Cross section of resonant charge
exchange of the Ca* ion as a functien of
the reciprocal velocity.
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A preliminary analysis of the fine structure of the cross sections of the resonant charge
exchange of the investigated ions has shown that the oscillating part of the energy dependence
of the cross section (which is the difference between the experimental curve and its smoothly-
varying component) can be descrngd by a relatively simple analytic formula of the type

QOSC=A(u)ws(ﬁv’l—5),

where v is the velocity of the incident ion, A(v) is the amplitude, B is the frequency, and § is
the phase constant of the oscillations. The values of all the parameters in each concrete case
can be calculated here with sufficient accuracy on the basis of the obtained experimental data.

A complete analysis of the measurement procedure, a detailed discussion of the results
obtained on the resonant charge exchange of ions of alkaline-earth metal elements, and the
interpretation of the oscillatory structure of the energy dependences of the process will be
given in subsequent papers.

The authors are grateful to L. P. Zapesochnyi for suggesting the problem and for directing
the work, and to A. N. Zavilopulo for taking part in the preparation and performance of the
experiments.

[1] J. B. Hasted, Physics of Atomic Collisions, Butterworths, 1964. ,
[2] L. A. vainshtein, V. I. Ochkur, V. I. Rakhovskii, and A. M. Stepanov, Zh. Eksp. Teor. Fiz.
61, 511 (1971) [Sov. Phys.-JETP 34, 271 (1972)1.



