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Comment on “Molecular
Electron Atoms”

Description of Two-

Feagin and Briggs' have interpreted highly correlated
states of three charged particles using a molecular model
in which the distance R between particles of like charge
is an adiabatic parameter. They show that the model’s
potential curves, with adjustments to obtain the correct
large-R limit,' are similar to hyperspherical diabatic po-
tential curves,?* having the hyperradius R as a parame-
ter, for a variety of three-particle systems including He,
H ™, and Ps ~. Their potential curves (associated with
two-electron bound and resonant states) are labeled by
molecular quantum numbers. Significantly, the 2sp+
('P) channel, which is known? to take most of the oscil-
lator strength in He and H ™ doubly excited states and
which leads to a shape resonance® in H™ and Ps ™, is
identified with a 2pm, state. This model gives new in-
sights into the hyperspherical theory, but the wave func-
tions in the two approximations differ substantially in the
asymptotic region. Since this region is important for
measurable quantities, this difference has experimental
significance, which is discussed here.

Data’ on the ratio of He*(2p) and He ™ (2s) cross
sections resulting from photoionization of He indicate
the importance of this difference. The purely molecular
model with uncoupled channels, which identifies the
2sp+ 'P channel with a 2pr, 'P channel, gives an
infinite 2p/2s branching ratio while the hyperspherical
model predicts a 2p/2s ratio of 1.5. Both results assume
that only the ““+" channel is populated, and with only a
single channel the predicted ratios are energy indepen-
dent. Calculations® show that the “+” channel takes
== 98% of the oscillator strength of Rydberg series con-
verging to the n=2 threshold of He*, confirming the
well-established® dominance of the “+” channel at
threshold. Measurements’ show that the 2p/2s ratio for
the process

y+He—>He T (n=2)+e"~ (1

lies between 2.5 and 0.6 for photon energies from thresh-
old to 65 eV above. Energy-dependent model predictions
are obtained by inclusion of additional channels. Calcu-
lations indicate the weakness of additional channels:
Near thresheld the oscillator strength of the “—” chan-
nel is = 1.7% of that of the ““+” channel and that of the
“d” channel is negligible.® Using the hyperspherical
transition amplitudes of Ref. 2 and assuming a 1.7% un-
coupled admixture of the =" channel, we estimate the
2p/2s ratio to lie in the range between 2.6 and 1.0, which
nicely encompasses most data.” In contrast, dynamical
channel coupling must be included in the molecular
model to obtain the measured ratios.

The molecular-model ratios without dynamical cou-
pling are independent of the charges of the particles,
whereas the hyperspherical ratios are not. For example,
the hyperspherical 2p/2s ratio for H ™ predicted for the
2sp+ 'P shape resonance channel is 4.5. A measure-
ment of this ratio at the peak of the H ™ shape resonance
would provide another test of the two descriptions.’

Hyperspherical estimates are also consistent with data
on the average photoelectron angular distribution asym-
metry parameter, '? B,,, for process (1). Assuming again
a 1.7% admixture of the ““—"" channel, we estimate ,, to
lie between 0.0 and 0.5 at threshold. Experimentally,
Bav=0.0 at threshold.”

We conclude that the consistency of the molecular and
diabatic hyperspherical models at small distances, which
should prove useful for studies of three-particle bound
and well-localized resonant states, breaks down at large
distances. The experimental data discussed here favor
the asymptotic representation of the hyperspherical
channels.
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