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Superelastic cross sections ie™-H , scattering
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We present superelastic cross sections gftiyl electron impact. Our results, obtained with the Schwinger
multichannel method, include cross sections for théllg— X *={", ¢®,— b®s{", ¢3M,— a
325”, and elastic ¢I1,— ¢ 3I1, transitions. The calculated cross sections are very large, indicating their
importance in the modeling of discharge environments. We also investigate the dependence of these cross
sections on the internuclear separation of the H atoms and on different approximations of the target wave
function. To assess the role of the exchange potential in these processes, we also present the corresponding
polarization fractions[ S1050-294{@7)01304-§

PACS numbe(s): 34.80.Bm, 34.80.Gs, 34.80.Nz

The collision process of electrons with molecules in ex- In the last few years, th® Matrix [11], the Schwinger
cited states is a very interesting problem for basic sciencenultichannel(SMC) [9], and the complex Kohfl2] have
and has important applicatioid—3]. Despite this impor- been established as reliable methods to describe the electron-
tance, almost all studiggl] are related to experimental or molecule collision processes. In all these approaches the
theoretical aspects of the dissociative attachment processg¥iny-body character of the electronic system is kept in the
of H, and CO. In addition to those, there is one study on th&lescription of the wave function. Such a property has al-
superelastic collision of electrons with vibrationally excited lowed studies of electronic excitations of molecular targets
N, [5] and another on tha*A,—b '3 electronic transi- by low-energy electron impact.
tion in O, [6]. Even for atoms, the number of studies involv- Details of the SMC method applied to open-shell systems

ing collisions of electrons with electronically excited targetsh‘.”“/e been given preV|ou§[313,14]. For tran5|t|on§ between
triplet states the expressions are the same as in the case of

is small[_?]. Despite that, cross sections for guch co.II|S|onsO2 [13]. For completeness, we present here just a summary
are required for the understanding and modeling ofd|scharg¢8]c the dependence of these expressions on the doublet

environments(cold plasmas planetary atmospheres, and %f(z)] and quartef f(*)] scattering amplitudes. The differen-
molecular lasers. These environments have some featurgs| ross section for scattering of an unpolarized electron

that make collisions between electrons and excited moleculq§eam is given by
very important for understanding their propertigd. The

energy difference between excited states is usually much do 1 ks
3 IR+ &

smaller than the difference between one excited state and the a0~ 3
ground state. As a consequence, for a given free-electron

distribution, the fraction of electrons with enough energy to  The spin-polarization fractioR’ to P (the ratio between
produce an inelastic transition from an excited state is muckhe final and the initial spin polarization of the electronic
larger than the fraction capable of producing excitationgean is

from the ground state. In the case of elastic or superelastic d

transitions this fraction approaches one. In addition, these ) (ﬁ)

cross sections can also be very large. The combination of P_:1_2 dQ )
these two features may allow a small percentage of excited P do) "’

molecules to give rise to important effects. (m)

In this brief report we use the Schwinger multichannel
method (SMC) [9] to calculate integrated and differential where the (los;/dQ)) is the spin-flip cross sections, written
cross sections for the following transitions of the Irhol- @S
ecule: ¢My,— X '3{7, ¢®M,— b3 (Y, ¢®M,— a
(", and ¢3M,— c°M,. We also calculate spin-flip
cross sections for transitions between triplet states.

The majority of the low-lying excited states of the,H Our calculations have been carried out within the frame-
molecule are short-lived states. The exception is tH€lg  work of the fixed-nuclei and Frank-Condon approximations.
(v=0) state, located 291 cnt below the a32g+) [10], with To assess the influence of internuclear separation on the
a lifetime of 1 ms. This longer lifetime increases the impor-cross sections we have used two different internuclear dis-
tance of this excited species on the medium properties ant@nces for the calculations: the equilibrium separation of the
may allow experimental studies, as in the case of6). For ¢ °II, state, 1.96a,, and the equilibrium separation of the
other states, theory may become the only way of obtainingC 125” state, 1.4a,. We used a set of6p1ld [15] Carte-
the cross sections. sian Gaussian function on each atom. In both cases, for all

dO’Sf_ 4 kf

P . _|f(H_$(2))2
a7k s ©
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transitions, we have used the theoretical vertical excitation
energies. The target states were obtained in two different
ways: type 1, by converging the self-consistent-fi€lkCH
wave function of the X!S{") and then diagonalizing the
V-1 potential to obtain the improved virtual orbitgl&/O)

[16] to represent the excited states; type 2, by converging the

SCF wave function of the &1, state, and then calculating Na

the triplet coupled IVO’s with the &, orbital of thec state :;o s

kept frozen. With this basis we reproduce the two-state ex- = S0.0.g.g.p .

citation cross sections of Limet al.[17] and observed mul- E .* xow " [

tichannel effects qualitatively similar to those obtained by 3 '°""----...,_

Parkeret al. [18] by using the complex Kohn variational CE S

method. 2 saamEEp e, ]
In Fig. 1, we present results of integral cross sections for 8 AERaRY Aaiaak

So.

the four possible transitions from the’tl , state of H, using 10" 5 ?”"'0’0-0-'0.0._0_
three different approximations for the target wave functions. ]
We have used the type 1 description with the experimental
equilibrium distances of the XEE]” and c3I1, states, and 0 2 4 6 8 10 12 14 16 18 20
type 2 with the equilibrium separation of the®H,, state.
The results for most of the processes are quite similar except
for the c3I1,— b 32{") transition, which shows slightly FIG. 2. Electronic transition cross sections of an exciteg H
higher sensitivity with respect to the choice of internuclearmolecule: open squares,3€l, — ¢ °I1,; Closed circles, ¢II,
separation. — a33{"; open triangles, €T1, — b *3("); open diamonds, ¢

In Fig. 2 we show the integrated cross sections for soméry, — x 's{"); pluses, X12(+) - 3Hu, asterisks and
excitations from the €Il state of H,. These results were crosses, expenmental data of Re[fkg] and[20], respectively, for
obtained at the expenmental internuclear separation of the ¢he X *3{") — X (") transition. We used target descriptitsee
311, state, using type 1 description for the target wave functext) of type 2 forRH n=1.96,.

Impact Energy (eV)
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tions. It includes the supereslastic®d,— b 32&”, c ground state. The present study suggests that for tHé,c
M,— X 12&”, the almost elasticc 3I1,— a32(g+), and State, it is more likely that the superelastic scattering occurs
also the elastic éI1,— c 31, transitions. For comparison, to another excited state. The cross sections for thH ¢—

our results for the X={")— ¢ 3I1,, and experimental re- a®s{") are larger than those for the’l,— X *3{*) tran-
sults for the xlz(g*)—> X 125*) channel[19,2( are also sition by a factor of 20 and the cross section for the c
included. Our results show that the elastic cross section ofIl,— b 33{") transitions are larger than the cross section
the ¢3I1,— c %I, transition are in general larger than the for the c3l,— X 12&” transition by a factor of 4. As a
corresponding cross sections of the elastic ground-state chagesult, the collision of an electron with the®tl, excited

nel by a factor of 3 but, at small energies, the ratio can b&ate of H, will most probably produce another excited state
more than one order of magnitude. The cross sections for th& 325” or b 328+)) rather than the ground state. In addi-

3 35 (+) 3 35 (+) .
¢ °ll,— a°3,", and c’ll,— b *%," transitions can be ., o b33 (") state is dissociative and the®a (") state
very large at small energies when compared with the elasti g

scattering cross sections from the ground state. Our c:alculz?—ec"’lyS ?y,“gﬂt em|SdS|oq to ﬂ}efqiu H’ SO b_?:? cases t?fe
tion shows that the cross section for thélg,— a32é+) net result is the production of fast H atoms. This may affect

transition is always larger than the cross section for the Cthev\(/llynalrmcs OT thletdscha_rgz_enwronment.t_ 4 o
3[1,— b 33" transition. This reflects a well-known fact € aiso calcuiated Spin-Tip Cross sections and spin-

for excitation from the ground state: optically allowed tran- pole.lrization.frac'fions. The_ deviation from unity ,Of the polar-
sitions have larger cross sections. ization fractionP’/P at a given scattering angle is a measure
The lack of experimental and other theoretical results lim0f the strength of the exchange process at that angle. The
its the discussion. Nevertheless, the magnitude of the calciiesults forP’/P are shown in Fig. 3 for transitions starting
lated cross sections indicates that some of these processé@m the c®ll, to the final states éIl,, a32{"” and b
may be more important than expected for plasma modeling?’Eff) at incident energies of 2, 5, 10, and 20 eV. Surpris-
For instance, in a recent publication Capitellial. [8] stud-  ingly, our results show a much richer angular behavior than
ied the role of superelastic collisions from electronic excitedthose obtained experimentally or theoretically for the elastic
states in affecting the electron energy distribution function inground-state gas-phase molecules like Q and NO
a nonequilibrium H discharge. In their model the superelas-[13,14,21,22 As the impact energy increases, the exchange
tic scattering always occurs between the excited state and thieteraction becomes less relevant for the elastic transition
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31,—c ®I1,). In electronically inelastic processes the ratiotric quadrupole allowed transitiofc 3I1,—b 33(")), less
P’/P shows a stronger deviation from unity even for 20 eV.important in the dipole allowed transitioric *I1,—a
Excited states are made of more extended orbitals. Thes&s (*)) and even less important in the elastic transition
Rydberg orbitals have a bigger overlap with one—particle?ﬂu_,C 31,).

continuum functions, which may result in stronger exchange

interactions. This effect, combined with the fact that the one- This work was supported by the Brazilian agencies Con-
body potential influences more strongly the elastic channelselho Nacional de Pesquisa e Desenvolvimento Gieote
may explain why the exchange interaction is more importanfecnol@ico (CNPg, Funda@o de Amparo a Pesquisa do
for inelastic transitions between excited states. Finally, it isEstado de SaPaulo(FAPESB e Financiadora de Estudos e
noted that, at 20 eV, the role of the exchange interactiorProjetos(Finep. We would like to thank Professor Luiz M.
follows the expected pattern: it is more important in the elecBrescansin for a critical reading of the manuscript.
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