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Heavy-Ion Excitation of Autoionization States in Helium*
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The autoionization spectrum of He produced by 3.0-MeV Cl2+ ions is compared with re-
sults frozg. other heavy-ion collisions to indicate the relative importance of collision ve-
locity and projectile nuclear charge on the double excitation mechanism.

In a recent Letter' we reported the excitation
of autoionization states in He by 30-MeV oxygen
ions. The spectra were unique relative to pre-
viously used means of excitation in that the
(2pnp)'D series was strongly excited, and no
triplet excitation was observed. The spectra,
were independent of the incident oxygen-ion
charge state. It was argued that these features
and the relative intensities observed were a re-
sult of the high nuclear charge of the projectile
together with the high velocity of the projectile
relative to the average velocity of the He elec-
trons [V„&= (projectile velocity)/(He electron ve-
locity)].

Here we report the same He autoionization
spectrum produced by 3-MeV Cl2' ion=in this
collision V„& is much lower and the incident nu-
clear charge much higher. The resulting spec-
trum is quite different; this difference and a com-
parison with other heavy-ion-excited spectra
give some insight into the relative importance of
the nuclear and atomic charges versus the rela-
tive velocity in a general description of the exci-
tation mechanism. The spectrum is shown in Fig.
1 in comparison with the results of Ref. 1. The
widths of the individual lines are broader in this
collision because of the larger energy transfer
and subsequently larger kinematic (Doppler)
broadening.

For the Cis' collision (V«& -—1.4), the 'P series
is strongly excited, in contrast to the 0" colli-
sion (V„,= 6.4) where no triplet excitation was
observed. The relative amount of triplet to sin-
glet excitation is a measure of the importance of
electron-exhange excitation. Thus the amount of
electron exchange decreases with increasing ve-
locity- —a result which might be expected from
rather general arguments.

Less obvious, however, is the dependence of

electron exchange upon the projectile nuclear
charge. The relative intensities of all the lines
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FIG. 1. Electron emission spectra at 90' from hydro-
gen-, oxygen-, and chlorine-ion collisions with helium.
The experimental apparatus is the same as in Ref, 1.
The indicated excitation energy scale corresponds to
the ejected electron energy plus the first ionization en-
ergy of helium {24.59 eV). The lines referred to in the
text are identified from the compilation of %'. C. Mar-
tin, J. Phys. Chem. Ref. Data 2, 257 (1973) (energies
in eV): (2s )'S, 57.87; (2s2p)3P, 58.31; (2p )'D, 59.88;
{2s2p) P, 60.13; {2p ) S, 62.14; and (2s3p) P, 63.10.
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in the Cl" spectrum are nearly identical to the
75-keV H, '+ He (V„,= 0.92) spectra measured
by Rudd. ' In this comparison V„& is comparable,

'

but the projectile nuclear charges are vastly dif-
ferent. Using the amount of triplet excitation as
a measure of electron exchange, we might con-
clude that this means of excitation is independent
of the projectile nuclear charge and depends pri-
marily upon the projectile velocity —provided, of
course, that there is at least one weakly bound
electron present.

In comparison of the 0" and Cls' excitation,
the intensity ratio (2p')'S/(2s')'S is reversed.
Thus the argument presented in Ref. 1 for an in-
dependent two-step Coulomb excitation of the He
electrons does not appear to hold for the slow
Cl" collision. It was supposed in Ref. 1 that this
second-order process was dominant primarily
because of the high nuclear charge of the oxygen
ion, i.e. that the collision velocity was not the
important factor. The present result for the Cl
collision does not rule out the previous interpre-
tation of the high-energy collision, but it does
point out that the direct excitation mechanisms
present are definitely velocity dependent and are
not determined by the magnitude of the nuclear
charge alone.

Also in the Cl '-0" comparison of Fig. 1, the
relative intensities of the (2s2p)'P and (2p')'D
states are quite different. It is difficult to infer
a nuclear charge dependence of this ratio since
it is the same in the Cl" excitation as it is in the
precited H,

' collision. For low-energy proton
collisions, Rudd' has shown that the relative ex-
citation of these hvo states reverses in going
from 65- to 200-keV proton energies; at the
same V„& the proton and the Cl" collisions yield
the same relative intensities for these two states.

To our knowledge there is no available theoret-
ical work generally applicable to double excita-
tion in heavy-ion collisions. At very low veloc-
ities, V„&s0.5, a molecular promotion model
provides a qualitative description of the interac-
tion in some collisions. Gerber, Morgenstern,
and Niehaus have investigated this region for
He" +He at V„&~0.24 (0.5 to 10 keV). Cross sec-
tions for the excitation of the 'D+'I' states have
been measured by Benoit-Cattin et al. ' for He'

+He at 5 to 70 keV. Except for the collision sys-
tems mentioned here' there appears to be no
other work on heavy-ion excitation of autoioniza-
tion states in He.

Very fast heavy-ion collisions with He should
provide an interesting test area for theoretical
work on both single and double excitation. The
high velocities might indicate the applicability of
the Born approximation, but the high ratio of nu-
clear charges may quickly invalidate a perturba-
tion approach. Recent developments in heavy-ion
sources for tandem Van de Graaff accelerators
can now yield an essentially continuous variation
of projectiles at a fixed high velocity. Theoreti-
cal developments obtained from the analysis of a
relatively simple system, like a bare heavy nu-
cleus plus He, may be applicable to the vast
amount of atomic collision data now being ac-
quired for very complicated collisions of heavy
atoms in the MeV energy range. '
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