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communicated during the construction of the ap-
paratus' and the experimental data is satisfac-
tory. The differences might be due to uncertain-
ties of the experimental resonance cross sec-
tions or to the possible existence of a 6'S„, auto-
ionization transition' near 1300 A. According to
the measurement the value P = —50% t

where Qs
'

=0, Eq. (4)] is at the wave number 64400~ 600
cm '. Since from Eq. (2) e, = —q, for Qs'=0, Eq.
(3) together with the measurement yields I'oq,
= 5500+1200 cm ' for the O'P„, autoionization
transition.

We have shown that polarized electrons can be
obtained from autoionizing transitions and that
the polarization can be utilized for the analysis
of the autoionization resonances. It is worth
noting that the intensity distribution I(&) of the
ionizing light (depending on the light source and
the absorption coefficients of the optical devices)
does not have to be known for the measurement
of the wavelength-dependent P(&), since the elec-
tron polarization is obtained from the ratio of the
electron intensities in the two counters of the
Mott detector.
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The polarization of photons from the transition 3 P —238 and the angular distribution of
radiation from the decay 2'P 1'S emitted in He+ +He collisions at an incident energy of
150 eV and an ion scattering angle of 13.5' were measured by detecting the scattered ions
and photons in delayed coincidence. From these measurements we conclude that the 33P
excitation takes place through a &-Z radial coupling, and the 2 P excitation predominant-
ly through a &-II rotational couplirg, probably at large internuclear separation.

The interpretation of excitation processes in
ion-atom collisions at moderate energies (a few
hundred eV) is based on a molecular description
of the colliding-particle system. In most cases,
the primary excitation mechanism consists in an
interaction between ground and excited molecular
states, which occurs at a rather small internu-
clear distance (a few bohrs). In general, many
coherent scattering amplitudes, corresponding
to several output channels, are produced at the
same time by the collision and these amplitudes
can interfere at large or infinite internuclear
distances. Thus, in spite of the fact that the pri-
mary excitation mechanisms are now generally

well understood, transition probabilities —mr in-
elastic differential cross sections~or excitation
to one specific atomic level are often difficult to
determine because of these "secondary" interac-
tions occurring at large distances. For the par-
ticular case of the excitation of a 'P state of hel-
ium, in a He'-He collision, for a specific scat-
tering angle (the ion is assumed to remain in the
'S state), different and coherent amplitudes a (8,
4) are obtained for the different magnetic sub-
levels m = —1, 0, +1, with the symmetry relation
a, = a, (see Macek a-nd Zaecks'). As the colli-
sion time at moderate energies (10 "sec) is
much shorter than the lifetime of the excited
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states, the two colliding particles can be con-
sidered to be far apart when the radiative decay
occurs. Since each particular magnetic sublevel
corresponds to a definite polarization of the light
emitted in the transition 'P-'S, an analysis of
this light provides information on magnetic-sub-
level excitations. Measurements of the polariza-
tion have already been made for high-energy col-
lisions and at low and moderate energies, ' ' by
measuring the intensity at 90' from the incident
beam direction through a polarizer placed either
parallel or perpendicular to that direction. How-
ever, since these polarization measurements
were made without regard to the ions, the results
are necessarily averaged over all ion scattering
angles and information is lost in this averaging
process. It is then clear that when the (polarized)
photons are detected in coincidence with ions
scattered in a particular direction, new informa-
tion on the elementary collision process is ob-
tained. Thus, if the final direction of the molec-
ular axis is taken as the quantization axis for
atomic states, each magnetic sublevel corre-
sponds to a molecular state of definite A sym-
metry (A=1 for m =el and A=O for m =0). A
measurement of the differential polarization of
the coincident light or alternatively its angular
distribution yields values of the relative proba-
bilities for the excitation of a given P state via
II or Z molecular states, which are proportional
to Ic„l' and la z I' or Ia„l ' and la, I ', and in addi-
tion the relative phase p between a„and a~. For
'P states the situation is more complicated be-
cause of the fine structure. While for such a
light atom the spin is not expected to play any
role in the collision itself, the spin-orbit inter-
action acts on the excited state causing I and S
to precess around their resultant J, and leads to
a reduction in the polarization. However, this
effect is quite independent of the collision pro-
cess itself and can be evaluated a prior. Macek
and Jaecks' have treated this problem in detail.
It is the purpose of the present paper to report
preliminary measurements of photon polariza-
tions and angular correlations for 2'P and 3'P
excitations in He -He collisions using an ion-
photon coincidence technique.

Two experimental methods, already used for
electron-atom collisions, "have been applied to
analyze the coincidence light. In the first, pho-
tons are detected in a direction perpendicular to
the collision plane, through a filter and a linear
polarizer, and the number of ion-photon coinci-
dences is measured as a function of the polarizer
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FIG. 1. Experimental setup for the determination of
the linear polarization of the coincidence light. M is
the parabolic mirror, II ' the quartz lenses, P the
polarizer, IE' the interference filter; the ion scatter-
ing direction is defined by slits SS'; A is the electro-
static analyzer; p is the collision plane, perpendicular
to 8 8,

orientation. In the second method, the spatial
distribution of emitted photons (in coincidence
with ions scattered at a given angle) is measured
by rotating the photon detector around the colli-
sion volume. The ion-photon angular -correlation
curve gives the same information as a measure-
ment of the polarization.

In order to use the first method, the coinci-
dence apparatus described previously' has been
slightly modified (see Fig. 1): (i) A UV-HN PB
polaroid has been inserted between the interfer-
ence filter and the photomultiplier, and (ii) the
scattered ions have been detected only within an
azimuthal angular range of + 20 . The parabolic
mirror, that was used to gather photons from a
large solid angle (about m sr), has not been re-
moved for the present measurement: Its effect
on the polarization has been calculated, and
moreover it can be shown to be rather small
when the optical device has a symmetry axis per-
pendicular to the reference collision plane. This
experimental method is convenient for visible or
near-uv light; it has been used for the O'P-2'S
line (X = 3889 A). The results obtained at an ener-
gy of 150 eV and a scattering angle of 13.5 (in
the laboratory frame) are shown in Fig. 2. The
coincidence number, calibrated with respect to
the total number of scattered ions counted during
the experimental run, is plotted as a function of
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FIG. 3. Experimental arrangement for angular-cor-
relation measurements on the 2 P-1 S resonance line
(&=584 A). The optics of Fig. 1 is replaced by the uv
detector D (electron multiplier); grids G prevent the
detection of charged particles. The rotation axis of D
is z'z; it is perpendicular to collision plane p.

FIG, 2. Ion-photon coincidence rate as a function of
the angle of the polarizer. n =0 corresponds to the
incident beam direction. The error bars represent 1
standard deviation in the counting statistics. Full
curve is a fit of a sinusoid of period &.

the polarizer direction cy. Each datum point
represents typically 24 h of integration and a
real coincidence rate of about 2 counts/h. It is
seen that a maximum of intensity is observed
when the polarizer is parallel to the final molec-
ular axis (n=27'). This can occur either when
the scattering amplitude a„vanishes, or when
the relative phase y of a„with respect to a~ is
+-,g rad. If it is assumed that a„ is negligible,
and depolarization effects due to the spin-orbit
coupling, to the mirror, and to Earth's magnetic
field are taken into account, then the predicted
ratio of intensities at o. = —63' and +=+27' is
0.57. The observed ratio is 0.6+0.2. This means
that, in the present case, the excitation of the
3 I' state presumably takes place only via a Z-Z
radial coupling. This conclusion is consistent
with qualitative theoretical predictions' but it
must be remembered that those predictions con-
cern the primary excitation mechanism at small
internuclear distance, and that secondary cou-
plings at large distance could change the Z and
II contributions. Preliminary measurements on
the O'P level actually show that the polarization
is very different from the previous one, in spite
of the fact that singlet and triplet 3P states are
considered as identical in a simple correlation

diagram.
The second method, based on angular-correla-

tion measurements, has been used to study the
2'p-1'S resonance line of helium (X = 584 A). For
this experiment (Fig. 3) the parabolic mirror has
been removed and the uv photons are detected by
a Channeltron electron multiplier (Mullard 419
Bi ) which could be rotated around the collision
volume. No wavelength selection was necessary
in this case since the energy resolution of the
analyzer was sufficient to separate n= 2 from n
~3 excitations. Thus ion-photon eoineidences
necessarily correspond to 2'P excitation. Two
grids biased at negative and positive voltages
prevent charged particles from reaching the
Channeltron aperture. However, fast or meta-
stable atoms are detected within the angular
range 0'-90 with respect to the incident beam
direction. This makes the measurement more
difficult, because of the increase in the acciden-
tal-coincidence rate, but it does not affect the
true-coincidence number. It was verified di-
rectly that the target density was sufficiently low
that pressure-dependent effects, such as reso-
nance trapping of the 584-A radiation, did not af-
fect the experimental data. Figure 4 shows angu-
lar-correlation curves for an impact energy of
150 eV and a scattering angle of 13.5 . Integra-
tion times for each datum point are typically 24 h
and the real coincidence rate is of the order of 2
to 10 counts fh. The experimental points have
been obtained with two different azimuthal angu-
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FIG. 4. Ion-photon angular correlation for an inci-
dent energy of E = 150 eV and scattering angle 13.5'.
Error bars represent 1 standard deviation in the count-
ing statistics. Filled circles, ~y; =90'; open circles,
6y~ ——30'. Curves (1) and (2) are least-squares fits to
the data. The final molecular axis is at 153', and the
incident beam direction is at 0'.

lar spreads 5y, of the scattered ions. Each of
the two curves, (1) and (2), represents a comput-
er least-squares fit of the angular-correlation
function, ' integrated over the photon-detector
aperture and the ion azimuthal angle 5y, , to the
experimental data points. Notice that, as ex-
pected, the angular distribution corresponding to
the larger range of 6y, [curve (1)j is flatter (i.e.,
the polarization is reduced) than for curve (2).
Within the experimental error, the maxima of
both curves lie along the final molecular axis,
and it is estimated that la&l'~10 'la„l', i.e.,
the final molecular state is mainly a Il state.
This conclusion may seem rather surprising, be-
cause it is known that, at such a small energy,

the primary excitation essentially takes place via
a 'Z -Z coupling. However this Z -excited-state
potential curve lies very close to the II curve
leading to He(2'P), along a rather la,rge range of
internuclear distance. Thus a secondary Zg-IIg
coupling could explain the observed predominance
of la„l.

For 2'P excitations, the amplitude of la~ I was
not sufficiently great to permit us to determine a
statistically significant value for the relative
phase cp between ax and a„. For the case of the
3'P excitation, the reverse was true, i.e., la~I
» lu„ I, and again a reliable value of cp could not
be estimated. Work is continuing on both 2'P and
O'P excitations at different energies and scatter-
ing angles.
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