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ELECTRON IMPACT VIBRATIONAL EXCITATION OF CO IN THE RANGE 1-4 eV
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Thecrosssectionsfor resonantvibrationalexcitationof the CO moleculeby electronimpactin therange1—4 eV have
beencalculated.Thecalculationshavebeendoneon thebasis of resonancescatteringtheory for thevibrationaltransitions
from thegroundlevelaswell asfrom theexcitedlevels.

The scatteringof electronswith energiesof 1—4 eV butseemtoshift towardhigherenergieswith increas-
by COmoleculesis affectedby theformationof a neg- mg final statequantumnumber.Similar featuresare
ative-ion resonancestateC0. Thisprocessplays a sig- shownby the oscillatorystructureobservedfor N2 [5]
nificant role in theelectronimpactvibrationalexcita- and CO2 [6].
tion of the COmoleculesinceit considerablyincreases The purposeof this work wasto study,usingthe
thecrosssectionsfor vibrationalexcitation.In addition “boomerang”model [7], thevibrationalexcitationof
theoscillatory resonancestructureappearsin the cross the COmoleculefrom the groundstate.To give acorn-
sections. plete view of thevibrationalprocessestaking placein

The differentialcrosssectionsfor thevibrational ex- theCO molecule,aswell as to satisfythe recently felt
citation from the groundstatewerestudiedby Schulz needto investigatethecrosssectionsfor vibrationalde-
[1]. The angulardistributionsof the elasticscattering excitationandexcitationfrom excitedvibrational
andvibrationalexcitationwere studiedlatermorepre- states,thesecrosssectionswerecalculated.
ciselyby Ehrhardtet at. [2]. The crosssectionsfor vi- We madeuseof a proceduresimilar to the one pro-
brationalstatesup to v = 8, 9, 10 were recentlyana- posedby Birtwistle andHerzenberg[7] and that used
lyzedby BonessandSchulz [3]. in the preliminarycalculations[8]. All functionsin the

The resultsof theseworks suggestthat thevibration- complexpotentialW(R)= E(R) — ~iF(R) usedin
al excitationof the COmoleculeis dominatedby the our calculationswerewritten down for electronswith
formationof the C0 shaperesonancestateof 2fl angularmomentum1 = 1.E(R) wastakenasMorse’s
symmetry.The angulardistributionsfor inelasticpro- potential.Thecalculatedcrosssectionswere fitted to
cessesfor the u = 1 to v = 6 levelsare almostconstant theexperimentalresults,which permittedestablishing
in the investigatedenergyrange,whichsuggeststhat themolecularparametersof the resonancestate.
one couldneglectthe contributionof potentialscatter- The totalcrosssectionsfor theexcitation ffom the
ing. The analysisof the experimentaldata [3] suggests vibrationalgroundstateare shownin fig. 1. The calcu-
thepredominanceof the partialp-waveover the d-wave lationswere done for final levelsv = 1 to v= 6 and quite
in theresonantelectronscatteringalthoughthetheo- goodagreementwithexperiment[2] was obtained.The
retical results[4] showedthat the contributionof the normalizationbetweenthetheoreticalandexperimental
d-wavemay be substantial. curveswasdonefor thev = 0 -~ 2 curve at the second

In thevibrational crosssectionsonecanobservean maximum.In thecalculationsthe following molecular
oscillatory resonancestructure.The characteristicfea- parametersof the C0 statein thecomplexpotential
ture of thatstructurefor the successivevibrational le- W(R),obtainedfrom fitting.to theexperimentwere
vels is that the positionsof the peaksarenot constant used:E(R~)— E(R0) 1.50 eV,11w = 0.23 eV,
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o,~ , thantheonesanticipatedby theexpressionsgivenbyli.’

06 Blatt andWeisskopf[9] showthat thepositionsof the
, % peaksin the crosssectionson thehigherenergyside de-

0,2
pendon the shapeof the function r(R).

Anotherreasonfor the discrepanciesbetweenthe
C calculationsandexperimentfor highvibrationallevels

04 O—5• ‘ maybe the partialbreakdownof theapproximations

of the local potentialtheory,becausefor theselevels
0,2

the energyof the detachingelectronsbecomescom-
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Fig. 1. Energydependenceof the total crosssectionsfor the 2
vibrationalexcitationof CO from thegroundlevel u = 0: full
curves,presentcalculations;brokencurves,experiment[2] (as
listed by Kieffer [14]). Vibrational transitionsareindicatedon C
theright. 4 1—0

2
The averageautoemissionwidth for theenergy 1.75eV
R

0 — R~= 0.092A, D = 14 eV andT(R0) = 0.75 eV.
is equalto (F> = 0.6eV. 0 1 2 3

The partiallack of agreementseenin fig. 1 canbe ELECTRON ENERGY (eV)

causedby adoptingin themodela function for the au- Fig. 2. Energydependenceof the total crosssectionsfor the
toemissionwidth whichcanonly be aroughapproxima- vibrationaltransitions(indicatedon theright) of CO from the
tion.Testingcalculationsdonein this workfor rother vibrationallyexcited levelu = 1.
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parableto thevibrationalspacingof themolecule [101.
The samebehaviourforhighvibrational levelswas ob- $

servedfor N2 [11].
w

It seemsalso that inclusionof two partialwaves1 = ~ -

1 and 1= 2 [4] shouldimprovethe agreementbetween ~
calculationsandexperiment.

~ 2-
Makinguseof the complexpotentialparametersob-

z
4—.~lyl

tamedin the fitting, calculationswere madefor vibra-
tional transitionsfrom vibrationally excitedstatesof ° 0 -

theCOmolecule. It wasassumedthatthefunctionF(R)
is independentof the initial vibrational level andthe ELECTRON ENERGY(eV)

sameform was adoptedasthat for thev = 0 level. Fig. Fig. 3. Energypositionsof the peaksin the crosssectionsfor

2 showsthe crosssectionsfor de-excitationandexcita- transitionsfrom thevibrationallyexcitedlevel v = 4 to the final

tion from thev = 1 level, levelsVf = 0, 1 6.

In thesecrosssectionsone canobservea resonance
structure.Thesestructuresoccurin a greaterenergyin- Thiswork was partly supportedby theInstituteof
terval thanin the caseof transitionsfrom u = 0. It is Physicsof WarsawUniversity.
causedby the increaseof the Franck—Condonregion
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