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This Letter reports the observation of res-
onances in the forward, inelastic cross section
for scattering of electrons by helium. Reso-
nance structure occurs for incident electron
energies between 22.4 and 22.8 eV in all four
of the open channels. These channels corre-
spond to excitation of the final-state, neutral-
helium levels (ls2s)~S, (1s2s)'S, (1s2P) P,
and (1s2p) 'P. A resonance is caused by inter-
ference between the direct excitation of the
final state and excitation via an intermediate
negative-ion state. The negative-ion states
seen here are considered to be formed from
the n= 3 levels of helium (22.7-23.0 eV) sincp
the observed resonances occur just below these
helium levels. There is insufficient informa-
tion to identify the negative ion configurations,
but most likely the ones involved are (1s3s'),
(1s3s3p), and (1s3p'). Together with earlier
reports of resonances in total scattering'&'
and in the inelastic 2'8 channel at 72', ' there
now have been observed six different manifes-
tations of these resonances.

The apparatus employed has been described,
and used previously in high-resolution elastic
and inelastic electron-scattering experiments
at incident energies considerably above thresh-
old. '&~&5 This Letter reports the use of the
apparatus in a new mode of operation in which

electrons with a fixed energy loss and near
zero residual energy are observed after leaving
the scattering chamber. The number of elec-
trons collected is obtained as a function of the
incident energy. Primary electrons in a nar-
row energy range are selected from a therm-
ionic source by a hemispherical electrostatic
deflecting monochromator and pass into the
gas-filled (-5x 10 ' Torr cm) collision cham-
ber. A second hemispherical analyzer is ad-
justed so that those electrons that have lost
a fixed amount of energy pass through it and
are collected by a Faraday cup. It is estimated
that scattering angles of more than 0.12 radi-
an do not contribute significantly to the detected
signal. The apparent energy resolution is 0.15
eV.

Figure 1 shows reproductions of X-F recorder
traces of electron current versus incident en-
ergy for fixed energy losses of 19.818 (2~S),
20.614 (2 S), 20.962 (2~P), and 21.216 (2 iP)
eV. Excessively large noise pulses have been
deleted. The zeros of scattered electron cur-
rent in Fig. 1 have been arbitrarily displaced.
However, it can be said that the smooth part
of the cross section in the triplet curves is
no greater than the resonance structure, where-
as the smooth part of the singlet cross sections
is several times larger than the resonance fea-

581



VOL U ME 14, NU MBER 15 PHYSICAL REVIEW LETTERS 12 APRIL 1965

He

cA

LIJ
I—

C)
4J0
LiJ
CA
CQ
O

I i I i I

22 23 22 23
ELECTRON ENERG Y, eV

I

24

tures. The energy scale in Fig. 1 is established
by observing the 19.31-eV peak due to the hel-
ium "window'" in the transmitted (zero-ener-
gy-loss) electron current. Features of the
structure in Fig. 1 are located within +0.02
eV relative to the 19.31-eV resonance, and
within about +0.05 eV on an absolute energy
scale.

The two well-defined peaks in the 23S chan-
nel are 0.18 eV apart, and the larger is at 22.60
eV. Successive recorder sweeps show that
the peak in the 2 I' curve occurs at the same
energy as the larger 2 S peak. The tailing
on the high-energy side of the triplet peaks

FIG. 1. Forward inelastic electron scattering inten-
sity (zero displaced) versus incident electron energy
in helium. The number of electrons that have lost a
fixed amount of energy is shown as a function of the in-
cidnet energy. The final-state helium levels are indi-
cated by the labels on the curves.

indicates that they have a line shape with pos-
itive q. ' Schulz and Philbrick have observed
a peak in the 23S loss curve, for a scattering
angle of 72 degrees, near 22.42 eV in agree-
ment with the smaller 2'S peak in Fig. 1.

The structure in the singlet losses is more
complex. The dominant feature in both curves,
namely a rise followed by a sudden dip, is that
of a negative-q line shape. The minima occur
at 22.53 eV in the 2 S curve and 22.60 eV in
the 2 P curve. It seems likely that the 2 'S
resonance corresponds to the 22.42-eV peak
in the 2 S channel; but, it is not clear whether
the 2'I' resonance is the same as either of the
2'S peaks, or represents yet another resonance
state. The 2'S peak near 22.8 eV apparently
is an additional n=3 negative ion state. The
2'S resonances above 23.3 eV presumably are
associated with negative ion states formed from
the n=4 levels of helium.

The resonance structure in total scattering
observed by Kuyatt, Simpson, and Mielczarek'
in the range 22.4-22.9 eV corresponds quite
closely to the structure in Fig. 1. In fact, there
is a sharp minimum in their total cross-sec-
tion curve at 22.60 eV. Resonance structure
in the total scattering cross section should
reflect mostly inelastic scattering since the
negative-ion states are more closely coupled
to the excited states than to the ground state.
However, due to the lack of knowledge of the
angular distribution of the inelastic resonances,
one can say little about the correlation between
the maxima and minima of the total and inelas-
tic cross sections.

The author wishes to thank Dr. J. A. Simp-
son, Dr. C. E. Kuyatt, and Dr. U. Fano for
valuable discussions concerning this Letter.
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