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igno21Department of Applied S
ien
e, University of California, Davis, CA 956162Lawren
e Berkeley National Laboratory, Computing S
ien
es, Berkeley, California 94720We present the results of an investigation of elasti
 ele
tron s
attering by ethylene, C2H4, within
ident ele
tron energies ranging from 0.5 to 20 eV, using the 
omplex Kohn variational method.These are the �rst fully ab initio 
al
ulations to a

urately reprodu
e experimental angular di�eren-tial 
ross se
tions at energies below 3 eV. Low-energy ele
tron s
attering by ethylene is sensitive tothe in
lusion of ele
troni
 
orrelation and target-distortion e�e
ts. We therefore report results thatdes
ribe the dynami
 polarization of the target by the in
ident ele
tron and involve 
al
ulationsover a range of di�erent geometries, in
luding the e�e
ts of nu
lear motion in the resonant 2B2gsymmetry with an adiabati
 nu
lei treatment of the C-C stret
h mode. The in
lusion of dynami
polarization and the e�e
t of nu
lear motion are equally 
riti
al in obtaining a

urate results. The
al
ulated 
ross se
tions are 
ompared with re
ent experimental measurements.PACS numbers: 34.80.GsI. INTRODUCTIONCollisions of ele
trons with small polyatomi
 mole
ulesare important in many areas of physi
s. They are ofinterest in determining the energy balan
e and trans-port properties of ele
trons in low-temperature gases andplasmas under a wide variety of 
onditions. Ele
tron-mole
ule 
ollision data is 
riti
ally important for nu-meri
al modeling studies [1℄ in wide-ranging areas su
has plasma deposition and et
hing of semi
ondu
tors,gaseous high voltage swit
hes and environmental reme-diation plasmas.Ele
tron s
attering by hydro
arbons is parti
ularly rel-evant to 
old plasma te
hnology. Although ethylene,C2H4, is one of the simpler hydro
arbon mole
ules, therehave been only very limited studies of its intera
tion withlow-energy ele
trons.Low-energy ele
tron s
attering by atoms and mole
ules
an be dominated by ele
trostati
 intera
tion e�e
ts,ele
tron ex
hange, and ele
tron 
orrelation. The properbalan
e of these e�e
ts is needed to theoreti
ally de-s
ribe e�e
ts su
h as the Ramsauer-Townsend (RT) ef-fe
t. Shape resonan
es are also sensitive to the e�e
tsof ele
tron 
orrelation and, in addition, are sensitive to
hanges in target nu
lear geometry. The proper in
lusionof all these fa
tors is 
ru
ial for an adequate des
riptionof resonan
e parameters and vibrational ex
itation 
rossse
tions.We present the results of an investigation of the 
olli-sion of low-energy ele
trons with ethylene using the 
om-plex Kohn variational method. Ethylene is a 
losed-shellmole
ule whi
h possesses a permanent quadrupole mo-ment. Early ab initio 
al
ulations by S
hneider et al. [2℄were the �rst to 
on�rm the existen
e of the Ramsauer-Townsend e�e
t in su
h a mole
ule. Ethylene also has alow-lying shape resonan
e whose position and width arestrongly in
uen
ed by target-distortion e�e
ts. The reso-nan
e is of 2B2g symmetry and 
orresponds to the tempo-

rary 
apture of the in
ident ele
tron into an empty, anti-bonding, valen
e orbital. The investigations of S
hneideret al. , whi
h were 
arried out only at the equilibriumgeometry and in
luded only two s
attering symmetries,produ
ed a resonan
e at 1.83 eV, in ex
ellent agreementwith experiment. Several other theoreti
al studies onlow-energy ele
tron s
attering from ethylene have beenperformed in the �xed-nu
lei approximation at equilib-rium geometry[3{5℄. None of the previous 
al
ulations,however, have been parti
ularly su

essful in des
ribingexperimental angular di�erential 
ross se
tions at ele
-tron impa
t energies below 3 eV, as eviden
ed by there
ent experimental measurements of Panajotovi
 et al.[6℄.The present 
al
ulations extend the work of S
hneideret al. [2℄ by in
luding all relevant symmetries and im-portant dynami
al 
orrelation e�e
ts. In addition, the
al
ulations in
lude the e�e
ts of nu
lear motion for the
riti
ally important resonant symmetry. It will be shownbelow that all these fa
tors are essential in obtaining a
-
urate total, momentum transfer, and elasti
 di�erential
ross se
tions.II. THEORETICAL FORMULATIONThe 
omplex Kohn method is a variational te
hniquewhi
h uses a trial wave fun
tion that is expanded in termsof square-integrable (Cartesian Gaussian) and 
ontin-uum basis fun
tions that in
orporate the 
orre
t asymp-toti
 boundary 
onditions. Detailed des
riptions of themethod have been given in previous publi
ations (see,for instan
e, refs. [7, 8℄), so only a brief summary of theaspe
ts that 
on
ern this study will be given below.In the 
ase of ele
troni
ally elasti
 s
attering, the trialwave fun
tion to be used is of the form:


