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We discuss the role of the long-range dipolar and polarization interactions in elec-
tron collisions with molecules in sub-meV range. These interactions can support
weakly bound or virtual states which lead to strong enhancement of cross sections

for inelastic scattering .

Polarization interaction can also strongly enhance electron

attachment to molecules.. We analyze a simple model for electron capture for sev-

eral molecules.

Introduction

Low-energy electron-molecule collisions
are strongly affected by long-range dipolar
and polarization interactions. While this in-
flugnce has been quite well studied for elas-
tic scattering, the role of the long-range in-
teraction in inelastic and reactive collisions
15 not well understood vet, The present paper
discusses two aspects of this problem. First,
we analyze the role of weakly bound and
virtual states which are supported by the
long-range interaction. Secondly we discuss
the role of polarization interaction in the pro-
cess of electron attachment to molecules and
analyze the validity of the Vogt-Wannier
model [1] for description of this process.

Role of weakly bound and virtual states

The ability of dipolar systems to support
weakly bound negative-ion states has been
under discussion since the pioneering work
of Fermi and Teller [2]. Theoretically, any
stationary dipole with a supercritical dipole
moment (0>0.6395 a.w.) supports an infinite
number of negative-ion states. However, in
real molecules the number of these states is
finite because of rotations. Moreover, some
molecules, like HF and H;O, do not have
stable anion states at all, although their di-
pole moments are supercritical. Based on
results of model calculations for several
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molecules, Crawford and Garrett [3] con-
cluded that the electron affinity of a polar
molecule is positive if its fixed-nuclei value
exceeds 0.1 of the rotational constant, Oth-
erwise the bound state disappears and be-
comes a virtual state. The existence of a vir-
tual (or weakly bound) state introduces a
pole in the scattering § matrix as a function
of the electron momentum k. If the rotational
coupling is weak, the pole lies on the imagi-
nary axis, and the inelastic cross section is
given by the well-known equation [4] for
scattering by a weakly bound or virtual state.
This equation was successfully applied [5] to
description of collisional ionization of
Rydberg atoms by polar molecules. For very
high principal quantum numbers n the
Rydberg electron can be treated as a quasi-
free particle [6]. The ionization process can
be described in this case in terms of the en-
ergy transfer from the rotationally excited
molecule to the free electron. This means
that the rotational deexcitation cross section
should be simply averaged over the electron
momentum distribution in the Rydberg atom.
This procedure allowed us to make reason-
able estimates [5] for the energies of bound
and virtual dipole-supported states.
Generally for rotationally inelastic
scattering the coupling between the initial
and final channels might be significant. In
this case the S-matrix pole moves off the
imaginary axis in the complex k plane, and
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the rotational deexcitation cross section be-
comes [7]

a
O =— 5
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where &, is the position of the S-matrix pole,
and ¢ is a constant. Typically many rota-
tional states are populated, and we need to
know the dependence of k&, and & on rota-
tional quantum numbers, This dependence
can be investigated by solving rotational
close coupling equations with a model po-
tential whose long-range part properly de-
scribes all long-range interactions and the
short-range part is adjusted to reproduce the
experimentally observed rates for collisional
ionization of Rvdberg atoms. In the meV and
sub-meV energy region the de Broglie wave-
length of the electron is large compared to
the radius of the short-range interaction.
Therefore the short-range part is cffectively
controlled by one parameter which is
equivalent to the scattering length for scat-
tering by a short-range potential.

The analysis of sub-meV electron scai-
tering, based on selution of rotational close-
coupling equations, was performed for HF [7]
and CH;Cl [8] molecules. Both molecules
possess supercritical dipole moments, but do
not support bound states, The virtual-state
energy of HE in its ground rotational state is
about 1.3 meV whereas for CH;Cl the corre-
sponding energy 1s (.03 meV. For rotationally
excited states the S-matrix poles move off the
imaginary k axis. Their positions in the com-
plex k plane were calculated in Ref. [9] for
the HF molecule and in Ref. [8] for CH:CIL
(All numbers are given for the equilibriom
internuclear separations.) Note that these
poles do not correspond to resonance states:
there is no time delay in scattering, and they
do not lead to the Breit-Wigner form of the
scattering cross section. However, they can
strongly influence the magnitude of the cross
section at low energies. As the degree of rota-
tional excitation increases, the poles move
farther from the origin, and their influence
becomes weaker [9].

Role of polarization interaction
in electron attachment

Electron attachment to molecules might
be strongly influenced by the polarization
interaction. Klots [10] proposed to use the
Vogt-Wannier (VW) model [1] for capture
into polarization well to describe electron
attachment. This model assumes that the
capture occurs with 100% probability if the
electron falls into the singularity created by
the polarization potential -o/2°. The cross
section depends only on energy E and po-
larizability o, and in the low-energy region it
is given by a simple equation

o= “”(%5)}%

The VW model seems to be unphysical
in the sense that the actual long-range poten-
tial does not have a 1/+* singularity. In order
to analyze the validity of the VW model, we
have applied it to calculation of the attach-
ment cross seciion for SFg (44.1), CCly
{75.6), and Cg (558), where we indicate the
polarizabilities in a.u. in parentheses.
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Fig. 1. The Vogt-Wannier attachment cross section
for several molecules

The results of calculations are plotted in
Fig. I. The WV theory for SF; gives a good
description of the experimental data [11] up
to the threshold for vibrational excitation.
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For CCly, the theoretical zero-energy capture
rate coefficient, 6.74x 107 cm’fs, is substan-
tially lower than the latest experimental
value, 12.3x107 em /s [12]. However, the
overall behavior of the attachment cross sec-
tion is described quite well by the VW curve.

The success of VW model for SF; and
CCl; supports the idea [13] of the direct
{versus the resonant) capture mediated by a
virtual state. The low-energy electron can
give up its energy to become bound if the
crossing of the negative-ion curve with the
neutral curve occurs close to the equilibrium
internuclear separation. However, there
should be a mechanism preventing the elec-
tron from escaping into the continuum. In the
case of SFy this occurs due to a fast redistri-
bution of the available energy over many vi-
brational modes, before the nuclear frame-
work can oscillate back in its final configu-
ration [13].

A similar situation is likely to occur in
attachment to Cgp in the meV and sub-meV
energy range. The calculated s-wave capture
rates in this region agree quite well with the
experimental data [14] on Rydberg electron
transfer, However, comparison of absolute
values of rate coefficients shows that the ef-
ficiency of the capture in this case is much
lower: the VW cross section should be mul-
tiplied by a factor of the order of 0.01 to get
a reasonable agreement with experimental
data,

At the energies above 4 meV the p-wave
capture mediated by a resonance of symme-
try #;, [15] becomes more efficient. Experi-
mental data {16] on electron capture by Cgp
in the energy range up to 0.5 eV are well de-
seribed by the p-wave capture model. Earlier
flowing afterglow measurements [17] show
the activation barrier of (.26 eV for the cap-
ture process which was interpreted in terms
of elastic scattering model [18]. However,
this model gives a wrong energy dependence
for the p-wave capture cross section, £ in-
stead of E"?. As can be seen from Fig. 1, the
VW p-wave cross section peak at much
lower energy, 0.026 eV. This is in good
agreement with the beam experiment {16],
but does not explain the temperature depend-
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ence observed in the flowing afierglow ex-
periment [17]. We believe that the observed
temperature dependence is due to internal
excitations in the target.
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TEOPIS EJEKTPOH-MOJIEKVJISAPHUX 3ITKHEHD
Y CYBMUIIEJEKTPOHBOJIbTHOMY ATAITA3OHI

LI.®ab6puxant
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OGroBOPIOETBCA PONE NAMEKONIOYHX AWMONLHEX | MomapHianiiivux BlacMomifl y
SITREEHHAY SNEKTPOHIR 3 MOMeKYTaMB ¥ cySuinienerTponeonsTHOMY Aianasoni. LI
mgeMonil MORYTE NIATPUMYBATH cnabo 38's3aHi 4K BipTyanesi crakm, Wwo zeae 10
CHABHOMD JPOCTAMHE NEepepisis nin HernpywHore poschosanna. [Tonspuzapifipa
BIAEMOTIA MOMKE TAKOMN CHIEHO NOCHIHBATH NPHIHIAHHS eNEKTPOHIR 10 MOJEKYVI.
AHAMIZYETHCA POCTA MOJENE 3aX0MVIEHHA ¢IEKTPOHA IEAKHMH MONEKYIAMH.
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