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DECAY OF THE (2s'2P)'P COMPOUND STATE IN HELIUM BY TWO-ELECTRON EMISSION*
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(Received 9 May 1969)

Compound states of atoms are known to decay by the emission of a single electron in-
to many states lying at lower energies. Compound states associated with doubly excited
states lie at energies above the ionization potential, and therefore the decay into an ion

by the emission of two electrons is energetically possible. This paper presents evidence
for such a two-electron decay in the case of the (2s 2P) P compound state of helium
which derives from the (2s )'S atomic state.

Resonances associated with the existence of
compound states, i.e., temporary negative ion
states, above the ionization potential of helium
are well established. These resonances, located
near 57 and 58 eV, are associated with doubly
excited states of helium. They were first ob-
served by Kuyatt, Simpson, and Mielczarek' in
the total scattering cross section using a trans-
mission experiment. The same resonances were
subsequently observed in three inelastic-decay
channels by Simpson, Menendez, and Mielczar-
ek. ' We report here the observation that one of
these compound states can decay into He++ 2e by
the simultaneous emission of two electrons. Al-
though decay of compound states by two-particle
emission has been reported for nuclear reac-
tions, ' it has not been observed previously for
atomic systems.

Figure 1 shows the relative positions and elec-
tronic configurations of two of the lower doubly
excited states' of helium and the two known com-
pound states. ' The configuration assignment of
the resonances was first made by Fano and Coop-
er.' The "parent" of the (2s'2P)'P compound
state is the lowest doubly excited (2s')'S state at
5V.82 eV. This is analogous to the (Is2s')'S res-
onance' at 19.3 eV and its "parent" singly excited
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FIG. 1. Location of the lowest doubly excited states
and the associated compound states.
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(1s2s)'S state at 19.& eV. Because the (2s'2P)'P
resonance lies above all singly excited states of
helium, numerous decay channels accompanied
by the ejection of a single electron are available.
In particular, the resonances have been observed
in the excitation functions of the (1s2s)'S, (1s2s)'S,
and (ls2P)'P states, but not in the elastic chan-
nel. ' Decay into He++ 2e is an additional decay
channel which is energetically allowed.

I. Experiment. —We have applied the trapped-
electron method' to the study of excitation pro-
cesses lying above the ionization potential. This
method, which provides a sensitive technique for
the study of slow electrons (0.0-0.1 eV) produced
in collisions, has been previously described. '~'

Only a brief account is given here.
A diagram of the trapped-electron tube and the

potential along the axis is shown in Fig. 2. An

electron beam, collimated by an axial magnetic
field of 240 0, is accelerated into a collision
chamber. The collision chamber consists of two
end plates and a highly transparent, axially sym-
metric grid. Surrounding the grid is a cylindri-
cally shaped collector. The collector is biased
positively with respect to the collision chamber.
This produces a potential well, whose depth may
be varied, along the axis of the tube. Electrons
making inelastic collisions near the threshold of
a process lose almost all of their kinetic energy.
These electrons cannot pass through the potential
barrier at the end plates. They move along the
lines of the magnetic field and eventually migrate
to the trapped-electron collector by means of
elastic collisions. Once the incident energy ex-
ceeds that of the inelastic threshold by more than
the well depth, the scattered electrons are too
energetic to be trapped, and the trapped-electron O
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current vanishes. In summary, as a function of
incident energy, the trapped-electron current is
zero below the threshold of an inelastic process,
rises to a peak at an energy above threshold
equal to the well depth, and then falls to zero.

Operation above the ionization potential pro-
duces a large background of trapped-electron
current resulting from excitation to the ioniza-
tion continuum. The positive ions are produced
with thermal energies and cannot reach the posi-
tively biased trapped-electron collector. The
background current is relatively constant in the
energy range of interest and is largely suppressed.

II. Results. —Figure 3 shows a plot of the trapped-
electron current, taken with a well depth of 0.1
eV, in the region of the lowest two, optically for-
bidden, doubly excited states of helium. The
height of the two peaks is proportional to the
cross section for excitation of the (2s')'S and
(2s2P)'P states at 0.1 eV above their thresholds.
We have used the onset for excitation to the
(2s2p)'P state to calibrate our energy scale with-
in +0.1 eV. The energy of this state has been
calibrated by Rudd4 against an optically allowed
state which is located with high accuracy by
spectroscopic means. '0 The (2s')'S state is not
suitable for the calibration of the electron energy
scale because it has a large half width. "

The feature of interest is the dip in the back-
ground current lying below the lowest doubly ex-
cited state. The dip comprises approximately
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FIG. 2. Schematic diagram of the trapped-electron
tube and the potential distribution along the path of the
electron beam.

0
O

LLJ
I

a
CL
CL
D

I

56.5
I

57.056.0 57.5 58.0 58.5 59.0
Electron Energy, eV

FIG. 3. Current of trapped-electron versus electron
energy. The dip near 56.9 eV is interpreted as the
(2s 2p) P resonance decaying into He++ 2&. The two
peaks at higher energy are the lowest doubly excited
states.
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1% of the trapped-electron current due to direct
ionization. Within the range of calibration er-
rors, this structure lies at the same energy as
the (2s'2P)'P resonance found by Kuyatt, Simp-
son, and Mielczarek. ' When the temporary neg-
ative ion decays into a singly excited state by the
ejection of a single electron, the ejected elec-
tron has a kinetic energy in excess of 32.5 eV.
Such an electron does not contribute to the trapped-
electron current because it is too energetic to be
trapped. However, when decay to the helium
positive ion by the emission of two electrons
takes place, and one of the electrons has low en-
ergy, a contribution to the trapped-electron cur-
rent results. Structure due to the resonance,
therefore, can only appear in the present experi-
ment from that fraction of the two-electron emis-
sion events in which one electron has less than
0.1 eV of kinetic energy.

Because the compound state is coupled to the
continuum we expect the density of continuum
states near the resonance to be perturbed. The
total production of slow electrons from both di-
rect ionization and the resonance will exhibit in-
terference effects analogous to those found by
Madden and Codling' for the optically allowed
doubly excited states which decay by autoioniza-
tion. " The trapped-electron current at the reso-
nance may in principle decrease, as observed
here, or increase.

With the well depth used for obtaining Fig. 3,
the upper resonance (2s2P')D falls near the peak
for excitation to the (2s')'S state and is not easily
observed. A trace similar to that of Fig. 3 was

taken with a larger well depth, which serves to
shift the peaks of the doubly excited states to
higher energy. Such a plot reveals the upper
resonance more clearly. Although this con-.pound
state may also decay by two-electron emission,
the interpretation is not straightforward since
the upper resonance may also appear as struc-
ture in the excitation function of the (2s')'S state.
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We have measured the 2 S~2-2 P3~2 separation, ~H-IH, in atomic hydrogen by an
atomic-beam rf method. We find ~H-SH=9911.213+0.058 MHz. The quoted error is
1 average deviation from the mean for 115 line centers.

We have measured the 2'S&12 2 &Sg2 separation,
~H-IH, in atomic hydrogen. We employed an
atomic-beam rf method using metastable 2'S, ~,
atoms. The method is similar to that used by
Lamb and co-workers. ' We have incorporated
two important modifications which were intro-
duced by Robiscoe and Cosens. ' First, the
atomic-beam trajectory is essentially parallel

to the direction of the dc magnetic field in which
the rf transitions take place. This reduces Stark
quenching of the metastable H atoms due to mo-
tional electric fields, which can cause asymme-
tries in the resonance lines. If the Stark quench-
ing is large, it is necessary to know the velocity
distribution of the atoms in the beam. We have
found that with the electron-bombardment con-
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