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The electron-impact detachment from the H2 and O2 negative ions is calculated in lowest-order distorted-
wave theory. The cross sections are found to be quite sensitive to the choice of polarization potential. Rea-
sonable agreement between the distorted-wave theory and recent ion storage ring experiments for both H2 and
O2 is obtained.@S1050-2947~96!10310-3#

PACS number~s!: 34.80.Kw

Recently electron-impact cross sections for detachment
from H2 and O2 have been measured near threshold using a
ion storage ring@1,2#. Both cross sections were found to rise
rapidly from threshold to obtain peak values in the range
from 500 to 3000 Mbarns. The experimental measurements
were compared with theories based on a classical reaction
model and a semiclassical tunneling model. In this Brief Re-
port, we calculate the detachment cross sections using a stan-
dard quantum mechanical treatment based on lowest-order
distorted-wave theory@3,4#. The method has been applied
previously to calculate direct ionization cross sections for
many atoms and their positive ions, with varying degrees of
success. Of crucial importance for detachment from negative
ions will be the choice of polarization potential for the con-
tinuum distorted waves.

The negative ion detachment cross sections were calcu-
lated using a recently developed configuration-resolved
distorted-wave computer program@5#. The method may in-
clude multiconfiguration approximations for the target atom
or ion, with orbitals calculated using Fischer’sMCHF pro-
gram @6#. The LS term-specific angular algebra is obtained
from a modified version of theWEIGHTS program of Scott
and Hibbert @7#. A triple partial wave expansion of the
lowest-order scattering amplitude forms the basis of the cross
section code. The many distorted waves needed to evaluate
the various direct and exchange matrix elements are obtained
as solutions to a radial differential equation of the form
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wherek is the linear momentum,l is the angular momen-
tum,Z is the atomic number, and atomic units are used. The
direct Hartree potentialVH(r ) is constructed from the target
orbitals, the semiclassical exchange potential@8# is given by
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wherer is the radial probability density for the target, and
the polarization potential@9# is given by
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wherea is the dipole polarizability of the target andr c is a
cutoff radius generally taken to be the mean radius of the
outermost orbital.

There are several choices for the number of target elec-
trons,N, used to construct the scattering potentials found in
Eq. ~1! for the distorted waves. A long-time choice@3,4# has
been what may be called a mixedVN/VN21 potential
method. The scattering amplitude in the mixed potential ap-
proach requires the incident and scattered electrons to be
calculated in aVN potential, while the bound and detached
electrons are calculated in aVN21 potential. A recent choice
@10,11# may be called a strictVN21 potential method, where
all the bound and continuum electrons are calculated in a
VN21 potential. For incident energies near threshold, where
only the lowest angular momentum states contribute, the
strict VN21 potential method is in better agreement with a
more exact time-dependent close-coupling treatment@12# for
electron ionization of the neutral hydrogen atom than the
mixedVN/VN21 potential method. The strictVN21 potential

FIG. 1. Electron-impact detachment cross section for H2. Solid
curve: distorted-wave method with polarization; dashed curve:
distorted-wave method without polarization; solid circles: experi-
mental measurements@1#.
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distorted-wave method is the choice made here for the cal-
culation of electron-impact detachment of negative ions in
the threshold region.

Finally, due to the small threshold energies found in the
detachment from negative ions~e.g., 0.75 eV for H2), it is
important to treat the long-range part of the Coulomb radial
matrix elements using an analytical method. Integrals of the
type
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wherel>0 andF1(r ) andF2(r ) are continuum wave func-
tions, are handled using the amplitude-phase method@13#.
Numerical quadrature is used to obtain the full Coulomb
radial integrals for 0 toR.

Electron-impact detachment cross sections for the
1s2 1S→1s2S transition from H2, calculated in the
distorted-wave approximation, are shown in Fig. 1. The re-
cent ion storage ring measurements@1# are also shown for
comparison. The solid curve uses a polarization potential
with a54.5 andr c51.5, the standard values for the polar-
izability and orbital mean radius of neutral hydrogen corre-
sponding to the choice ofVN21 scattering potentials. The
dashed curve uses just the static-exchange potential, ignoring
polarization effects. The effects of distorted-wave polariza-
tion on the detachment cross section is quite large, reducing
the static-exchange results and improving the agreement be-
tween theory and experiment. We note that a small reduction
in the cutoff radius would move the distorted-wave theory
into even better agreement with experiment.

Electron-impact detachment cross sections for the
2p5 2P→2p4 3P, 1D, and 1S transitions from O2, calcu-
lated in the distorted-wave approximation, are shown in Fig.
2. The threshold energies are taken to be 1.46 eV, 3.43 eV,
and 5.65 eV for the3P, 1D, and 1S final LS terms, respec-
tively @14#. All the curves use a polarization potential with
a54.9 andr c51.2, corresponding to the polarizability and
outer orbital mean radius of neutral oxygen. In Fig. 3 the
total detachment cross section from O2, summed over all
final LS terms, is compared with recent ion storage ring mea-
surements@2#. The agreement between theory and experi-
ment in the threshold region is excellent.

We regard the reasonable agreement found between the
distorted-wave theory and the ion storage ring experiments
for the detachment cross section from both H2 and O2 to be
somewhat fortuitous. The size of the polarization effects in-
dicate a strong correlation between the incident electron and
the target, indicating that higher-order perturbation theory
terms for the scattering amplitude could be important. In the
future we hope to extend a recently developed nonperturba-
tive approach@12# to electron-atom scattering so that we can
make a more rigorous calculation of the electron-impact de-
tachment process from negative ions.
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FIG. 2. Electron-impact detachment cross sections for O2.
Distorted-wave method with polarization for the 2p5 2P→2p4 3P
transition is the solid curve, for the 2p5 2P→2p4 1D transition is
the dashed curve, and for the 2p5 2P→2p4 1S transition is the
dot-dashed curve. Threshold units are incident energy divided by
the threshold energy for detachment.

FIG. 3. Electron-impact detachment cross section for O2. Solid
curve: distorted-wave method with polarization summed over final
states; solid circles: experimental measurements@2#.
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