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The negative helium ion has been observed ex-
perimentally, and Sweetman® has obtained a
lower bound of 10™° second for its lifetime.
Arguments have been advanced®® indicating
that the observed metastable state is a (1s2s2p)
Py, configuration. The purpose of this note is
to report a theoretical estimate of the lifetime
of the state for auto-ionization. The calculation
has been made both for negative helium and for
lithium; the result is of interest in the latter
case because of the possibility of measuring
the fine and hyperfine structure of the level.

The state is radiatively metastable because
of the spin selection rule. Holgien and Midtdal®
have shown by an elaborate variational calcula-
tion that this level in He™ lies below the 1s2s
level of the helium atom, and have pointed out
that the state is therefore not subject to auto-
ionization in the usual way. The only available
final state consistent with angular-momentum
and parity conservation is then (1s%f) *Fy,. The
Coulomb, spin-orbit, and spin-other-orbit oper-
ators have vanishing matrix elements for the
transition, but the process can proceed by the
magnetic spin-spin interaction between two elec-
trons.

If we write the spin-spin operator in the form

"= = 2(6,0 V,) Gy V) (1/7,,),

the matrix element can be evaluated by a double
partial integration. (It is necessary to exclude
an infinitesimal sphere about the point of singu-
larity, so that one must look for surface terms
here. These terms vanish, however, for any
matrix element between states of different spin.)
We used antisymmetrized product wave functions,
with screened hydrogenic functions for the bound
electrons and a plane wave for the continuum.
The effective Z’s and the energy of the initial
state were obtained from a variational calcula-
tion, including exchange between 2s and 2p. The
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parameters are as follows:

For Li: initial-state Z; =3.0, Zoyg =2.0, ZZp
=1.7, final-state Z ¢ =2.69, Kkinetic energy of
continuum electron E =3.95 rydbergs.

For He™: initial-state Z;4=2.0, Z9,=1.0,
ZZp =0.67, final-state Z1,=1.69, E=1.45 ryd-
bergs.

The integrations were carried out analytically.
The result for the lifetime of the state is 1.6
x10~® sec for Li, and 1.7x107® sec for He".
Variation of the Z parameters within reason-
able limits produces a change of no more than
a factor of two in the lifetime. In the very sim-
ple approximate wave functions employed, the
use of a plane wave for the continuum state is
justified for helium (since the centrifugal bar-
rier effectively prevents the electron from pen-
etrating the 1s® core), but is questionable for
lithium. The initial-state wave function did not
include correlation between the 2s and 2p elec-
trons; this effect would be expected to lengthen
the calculated lifetimes.

The author is indebted to Professor H. M. Fo-
ley and Professor R. Novick for valuable discus-
sions, and to Professor N. M. Kroll for suggest-
ing the spin-spin interaction as the mechanism
of the process.
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