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The excitation function of the A = 30.4 nm resonance line of
the helium ion was measured by the method of intersecting modulated
electron and ion bedms. The experimental results are compared with
calculations in the first and second Coulomb-Born approx1mat10n and
in the strong-coupling approximation.

Information on the features and excitation cross sections of the energy levels of the
helium ion are of fundamental significance in the theory of slow electron collisions, and are
also of importance in the solution of many applied problems. Yet the experimental study of
this process, as in general of elementary processes in electron-ion collisions, is a very com-
plicated problem. When it comes to helium ions, the experiment becomes even more complicated,
because emission from the most effectively excited levels falls in the vacuum ultraviolet’
region of the spectrum. Apparently, there 1s only one published experimental paper [1] on the
excitation of the metastable 2s level of He* by electron impact.

We present here results, obtained for the first time, on the character of the excitation
of the X = 30.4 nm resonance line of the He' ion; this excitation is the result of the opti-
cally allowed 1s - 2p transition in the process

e +He*(1s) -’He".*(Zp)i-e.. )

The experiments were performed with a highly modernized mass-spectrometer installation with
intersecting beams, on which experiments were previously made on the study of the Ar II and Kr
11 laser lines in electron-ion collisions [2].

The helium ions were drawn out by an electric field from a gas-discharge source, passed
through the chamber of a 180° mass spectrometer with a non-uniform magnetic field, and then
entered a differentially- pumped colligion thamber, where they intersected an electron beam at
right angles. The helium ion conc#htratien.in the beam-intersection region was v 10% em™? at
an energy 14 keV, and the current dehsity of the electrons, the energies of which ranged from
30 to 300 eV, was ~ 10”2 A/cm?®. The energy 1nhomogene1ty of the electrons at half-height of
the distribution curve was v 2 eV.

The resonant radiation was extracted from the collision chamber with the aid of a vacuum
monochromator with glancing incidence of the beams (effective spectral region 25 — 70 nm), which
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Energy dependence of the excitation cross
section of the He' 2p level: 1 — experi-
mental curve, 2 — calculation in the
second Coulomb-Born approximation [5],

! 3 — calculation in the strong-coupling
approximation [6], 4 — calculation in the
first Coulomb-born approximation [5].
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was constructed in our laboratory, and was then detected with a secondary electron multiplier in
a reglme in which individual photoelectrons were counted. To separate the useful signal from
the noise due to the collisions of the electrons and ions with the residual gas, we used double
modulation of the electron and ion beams by rectangular phase-shifted pulses, with synchronous
registration in two counting chamnels {31.

The results of our measurements of the energy dependence of the efficiency of excitation
of the He II resonance line are shown in the figure. The experimental curve shows the 90% con-
fidence interval of the relative measurements. The electron energies in the intersecting beams
were calibrated against the well established threshold of excitation of the resonance line A =
58.4 nm of the neutral helium atom. The appearance of radiation somewhat ahead of the threshold
(40.8 eV) of process (1) is due to the energy scatter of the electrons in the beams. The experi-
mental curve was therefore corrected in the immediate vicinity of the threshold by taking into
account the energy distribution of the electrons and the finite values of the ion excitation
cross sections at the threshold. The possible contribution to the population of the resonant
level from the spontaneous transitions from higher levels should not be large (e.g., it is
about 10% for the analogous level of the hydrogen atom [4]). We can therefore assume that the
curve obtained by us actually represents the excitation function of the helium ion resonant
level. This gives grounds for comparing the experiment with the theory on electron excitation
on the 2p level of He®.

The experimental results are compared in the figure with the published calculations in the
first and second Coulomb-Born approximation [5], and also in the strong-coupling approximation
[6]. The experimental curve was normalized to the calculation in the second Coulomb-born approx-
imation, starting already with an electron energy near 100 eV. At lower energies, the experi-
mental data are intermediate between the calculations obtained in the strong-coupling approxima-
tion and in the second Coulomb-Born approximation.
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