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Electron-impact detachment from the H™ and O™ negative ions
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The electron-impact detachment from the land O™ 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 foramoth H
O is obtained[S1050-294©6)10310-3

PACS numbd(s): 34.80.Kw

Recently electron-impact cross sections for detachment a r2
from H™ and O™ have been measured near threshold using a Vpol(r)=— > —2—(r2+ 2)3 (3
Cc

ion storage ring1,2]. 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 ) ) o )
were compared with theories based on a classical reactiofhere« is the dipole polarizability of the target amd is a
model and a semiclassical tunneling model. In this Brief Recutoff radius generally taken to be the mean radius of the
port, we calculate the detachment cross sections using a sta@Htermost orbital.
dard quantum mechanical treatment based on lowest-order There are several choices for the number of target elec-
distorted-wave theory3,4]. The method has been applied trons,N, used to construct the scattering potentials found in
previously to calculate direct ionization cross sections forEg. (1) for the distorted waves. A long-time choif®,4] has
many atoms and their positive ions, with varying degrees obeen what may be called a mixed"/VN~! potential
success. Of crucial importance for detachment from negativenethod. The scattering amplitude in the mixed potential ap-
ions will be the choice of polarization potential for the con- proach requires the incident and scattered electrons to be
tinuum distorted waves. calculated in avN potential, while the bound and detached
The negative ion detachment cross sections were calClsiectrons are calculated inV&'~* potential. A recent choice
lated using a recently developed configuration-resolveq1g 11 may be called a stric?™ 1 potential method, where
d|storted-wave computer progrq[ﬁ]. .The method may in- 41 the hound and continuum electrons are calculated in a
clru?enmx:ilr::orlggi;tugatlor} apl)ptroglmemongiforhtr&e&ts;gert atomy/N-1 potential. For incident energies near threshold, where
grar% [’6] Th:LS?eSrn:?sg:gfﬁ: alféu% ; a?gjet?ra s ogtgine d on!y th,\eI Ilowest a_mgular mor_ne_ntum states contrlbute, the
from a fnodified version of thevElGHTS program of Scott strict V- p.otentlal method is in bettey agreement with a
more exact time-dependent close-coupling treatriEitfor

and Hibbert[7]. A triple partial wave expansion of the lect ionizati f th tral hvd tom than th
lowest-order scattering amplitude forms the basis of the cros§ ©° roanon’\Eall ion of the neutral ny rogerlll_al om than the
ixed V™V potential method. The stridt potential

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 momentuny is the angular momen- '.g
tum, Z is the atomic number, and atomic units are used. The 8 3000
direct Hartree potentid¥/,(r) is constructed from the target 2
orbitals, the semiclassical exchange poterilis given by g 1500
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2 2 H(T) P @ FIG. 1. Electron-impact detachment cross section for. Bolid

curve: distorted-wave method with polarization; dashed curve:
wherep is the radial probability density for the target, and distorted-wave method without polarization; solid circles: experi-
the polarization potentidl9] is given by mental measuremengs].
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FIG. 3. Electron-impact detachment cross section for. Solid
curve: distorted-wave method with polarization summed over final
states; solid circles: experimental measuremgais

FIG. 2. Electron-impact detachment cross sections for. O
Distorted-wave method with polarization for th@22P—2p* 3P
transition is the solid curve, for thep? 2P—2p* D transition is
the dashed curve, and for thep22P—2p* IS transition is the
dot-dashed curve. Threshold units are incident energy divided by

the threshold energy for detachment. Electron-impact detachment cross sections for the

2p® 2P—2p* °P, D, and 'S transitions from O, calcu-

ated in the distorted-wave approximation, are shown in Fig.

d|sto_rted-wave meth_od is the choice made here .for Fhe c.ag The threshold energies are taken to be 1.46 eV, 3.43 eV,
culation of electron-impact detachment of negative ions in

the threshold region and 5.65 eV for the’P, 1D, and S final LS terms, respec-

Finally, due to the small threshold energies found in the'[iVer [14]. All the curves use a polarization p(_)ten_ti_al with
detachment from negative iote.g., 0.75 eV for H), itis ¢~ 49 andr,=1.2, corresponding to the polarizability and
important to treat the long-range part of the Coulomb radiaPUter orbital mean radius of neutral oxygen. In Fig. 3 the
matrix elements using an analytical method. Integrals of thé0tal detachment cross section from” Osummed over all
type final LS terms, is compared with recent ion storage ring mea-
surementd2]. 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 Bnd O™ to be
somewhat fortuitous. The size of the polarization effects in-
dicate a strong correlation between the incident electron and

){/ivhnere)\rzohar;g::lér) ?:d'iﬁ(r) ;re"tco(;ltml#]um Wr?wvﬂ{h;ﬂri]c_ the target, indicating that higher-order perturbation theory
ons, aré handied using the amplitude-phase me terms for the scattering amplitude could be important. In the
Numerical quadrature is used to obtain the full Coulomb

L future we hope to extend a recently developed nonperturba-
radial integrals for O tdR.

Electron-impact detachment cross sections for thé[ive approaci[l? ]to electron-atpm scattering so thgt we can
1% 15,1s2S transition from H, calculated in the make a more rigorous calculgﬂon_ of the electron-impact de-
distorted-wave approximation, are shown in Fig. 1. The rel@chment process from negative ions.
cent ion storage ring measuremefig are also shown for
comparison. The solid curve uses a polarization potential ) ]
with @=4.5 andr,= 1.5, the standard values for the polar- | would like to thank Dr. L. H. Andersen of Aarhus Uni-
izability and orbital mean radius of neutral hydrogen corre-versity for sending me a file containing the ion storage ring
sponding to the choice 0¥N~! scattering potentials. The Measurements and an estimate of their uncertainty and Dr.
dashed curve uses just the static-exchange potential, ignorif§ R. Badnell and Dr. A. Burgess for use of their long-range
polarization effects. The effects of distorted-wave polarizaintegral subroutines developed at Cambridge University.
tion on the detachment cross section is quite large, reducinghis work was supported in part by the U. S. Department of
the static-exchange results and improving the agreement b&nergy under Contract No. DE-FG05-96ER54348 with Au-
tween theory and experiment. We note that a small reductioburn University. Computational work was carried out at the
in the cutoff radius would move the distorted-wave theoryNational Energy Research Supercomputer Center in Liver-
into even better agreement with experiment. more, California.
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