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The paper presents experimental evidence for
structure in the inelastic cross section in helium
which is interpreted in terms of compound states
above the lowest electronically excited state. A

study of the inelastically scattered electrons at
an angle of 72' shows that structure in the 2'S
cross section exists for electron energies around
21 eV and 22.4 eV.

Baranger and Ger juoy' have suggested that the
shape of the 2'S excitation function is consistent
with the existence of a compound state in the
vicinity of the threshold of the 2 S state. The
existence of such compound states may be de-
tected either in elastic or in inelastic scatter-
ing, or possibly in both channels. A pronounced
resonance, resulting from a compound state, has
been previously found' at an electron energy of
19.30+ 0.05 eV in the elastic scattering channel.
This resonance has been confirmed by other in-
vestigators ~' and can be considered to be well
documented. The classification of the state' is
ls(2s)'. This paper reports the results of a
search for similar resonances in the inelastic
excitation of helium.

The double electrostatic analyzer described
previously' has been used for this study. The
first electrostatic analyzer forms an electron
beam with a half-width about 0.06 eV. The elec-
trons are accelerated into the collision chamber
where they are crossed with an atomic beam of
helium. Those electrons having lost energy in
exciting electronic states of helium and having
been scattered into the acceptance angle of the
second analyzer are transmitted to the electron
multiplier and measured at the output of the
multiplier. The solid curve of Fig. 1 shows the
current received as a function of electron energy
for electrons having lost 19.8 eV of energy; thus,
this curve represents the differential excitation
cross section (for electron scattering at 72') to
the 2 S state of helium. The top, dashed, curve
shows the results of a previous experiment by
Schulz and Fox, ' in which the total metastable
production as a function of electron energy has
been measured. The low-energy portion of this
curve (up to 22 eV) has been published previous-
ly and the extension to higher energies presents
previously unpublished data. The curve, ob-
tained by measuring the electrons ejected from
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FIG. l. Energy dependence of inelastic cross-sec-
tions in helium. The solid line represents the cross-
section vs electron energy for electron scattered at
72 and having excited the 2 S state. The dashed line
is the total metastable production, obtained by Schulz
and Fox, using the retarding potential difference meth-
od.

a metal surface, represents the sum of the ex-
citation functions to all metastable states (in-
cluding cascading to these states). This curve
has been interpreted in the past as representing
the excitation of the 2'S state up to 20.6 eV, the
rise commencing at 20.6 eV being due to the on-
set of the 2'S state. The small hump at 22.4 eV
could not be assigned to any particular excitation
channel. It should be noted that this hump is
completely consistent with the data of Dorre-
stein, who observed a rise in this energy range.
Unfortunately, his published curve terminates
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just above the rise. The energy scale of the 23S

curve of Fig. 1 is calibrated from the helium
resonance at 19.30 eV. The position of the struc-
ture agrees well with that of the total metastable
production curve, which is plotted on an inde-
pendently calibrated energy scale.

The present curve for the 2'8 state alone (bot-
tom curve of Fig. 1) exhibits a rise starting at
20.6 eV. This structure may be indicative of a
second compound state in helium. All, or at
least a portion, of the rise of the total meta-
stable excitation function at 20.6 eV may result
from the rise of the 2'S channel. It must be
realized that, without knowing the angular dis-
tribution of electrons after excitation of the 2 S
state, it is not possible to estimate the contri-
bution which the rise commencing at 20.6 eV
makes to the total excitation function.

If one arbitrarily assumes that the scattering
of electrons having excited the 2 S state is iso-
tropic, it would follow that the shape of the solid
curve of Fig. 1 is representative of the 2'S ex-
citation cross section. Subtracting the 2 S curve
from the total metastable production curve would

lead to the result that the 2'S excitation function
rises very steeply. '

The structure around 22.4 eV is shown in more
detail in Fig. 2. We interpret this structure as
evidence for a third compound state lying approx-
imately 0.3 eV below the lowest n=3 excited
state (probably of the ls3s configuration with an
extra electron). The complex shape of this reso-
nance is reproducible, but probably not com-
pletely resolved with the present energy spread.
The complexity of the shape would indicate the
existence of two or more compound states with-
in a few tenths of an eV. Preliminary data show
that the structure around 22.4 eV is reflected
also in the 2 P and 2 I' channels. No structure
in this energy range has been detected either in
the 2'S or the elastic cross section.

The authors are indebted to A. V. Phelps for
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FIG. 2. Details of the resonance observed around
22.4 eV in the 2 S channel obtained from electron scat-
tering at 72'.
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frequent discussions and for pointing out, several
years ago, that published and unpublished data
indicate an anomaly around 22.4 eV.
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