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Low-energy electron scattering by methylsilane
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We report calculated elastic and inelastic cross sections for low-energy electron collisions with
methylsilane, CHSiH;, obtained using the Schwinger multichannel method. The elastic cross
sections, obtained within the static-exchange approximation, are compared with elastic results for
C,Hg and SjHg. Electron-impact excitation cross sections were computed for sixteen electronic
states arising from excitation out of the two highest-lying valence orbitals. The dissociation of the
lowest few states was examined through limited electronic-structure calculations, which indicated
that the 2'3A,; states dissociate to GBiH+H, while the 11°E states dissociate to GH SiH.
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I. INTRODUCTION for energies up to 50 eV. The static-exchange approximation
] i . generally works well for energies in this energy range except
Methylsilane (CHSiH;) is widely used as a precursor 4 gnergies below-5 eV or in the presence of shape reso-
gas in 1p|asma-§nhanced chemical ~vapor depositioRances which it shifts to higher energiégpically by 1—4
(PECVD)," primarily for the synthesis of plasma- g\ and broadens. Inelastic cross sections were obtained
polymerized methylsilane filiior use as photoresists or, at ithin a few-channel approximation for a variety of low-
higher substrate temperatures, of silicon carbide Iai/erswmg singlet and triplet excited states at energies from
More recently, CHSiH; has also been studied as a precursolyeghold up to 50 eV. We also carried out limited electronic

for PE.C\QD of organosilicate layers useful as 1ow-K g,ctyre calculations in order to investigate the dissociation
dielectrics: In modeling a discharge environment, one needsyt some of the excited electronic states.

as input information on all basic processes that occur in the

plasma, including the cross sections for elastic and inelastic

electron—molecule collisior’s. The electronic-excitation !l COMPUTATIONAL DETAILS

cross sections are important because excitation to dissocia- The SMC method and its implementation for parallel
tive electronic states promotes the generation of reactive Ne¢omputers have been discussed in several publicatfor.
tral fragments, while the cross section for electronically elasygre we give details specific to the present calculations.

tic scattering largely determines electron transport properties. |n a1l of our calculations except studies of excited-state
However, despite its technological importance, very little iSgissociation, the nuclei were fixed at the ground-state equi-
yet known about electron collisions with G8iHz. Compu-  |iprium geometry, which belongs to th@,, point group. For
tational studies have mainly been devoted to the calculatiof,ost calculations we used the geometvry as optimized using
of ground-state electronic structure and propefties to second-order Maller—Plesset perturbation theory, the
reactions. Indeed, we are aware of only one previous 6-31+G(d) basis set, andamess® while for a few (7al
calculatiof that addressed electronic excitation of {SiH, . — 4e calculations we 'used the experimental geomeththe

Experimental studies have likewise concentrated on thejignt differences between these two geometries will have no
properties and vibrational spectroscopy of the ground elecéignificant effect on our results.

tronic state. However, a few studn’-:_slhave been done of the ™ 14 ghtain information about the excited electronic states
u_Itraonet.phogo%bsorpnon spectrtim’ and photodissocia- CH,SiH,, we carried out single-excitation configuration-
tion chem|str.y1. ~To our knowledge, no electron cross sec-jnteraction(SEC) calculations usingsaUssiaN 962 and its
tions, experimental or theoretical, are yet available fory jitin 6311+ +G(3d,2p) basis set. This extended basis set

CHsSiH; (a preliminary account of our elastic results appearghoyig be flexible enough to give nearly converged results

elsewhere). , _ for the lowest few states of each spin and symmetry, whereas
We report here results from a study of elastic and inelasg,g gtherwise similar calculations of Gorddbrarried out

tic collisions of low-energy electron with methylsilane. In \ith various smaller basis sets, showed considerable basis-

this V‘é%”l‘; we employed the Schwinger n;gsl‘&iachannelset dependence. In fact, we find overall qualitative agreement
method™"" as implemented for parallel computers.” The ity Gordon's results for the energies and character of the

elastic integral, differential, and momentum-transfer Cros§oyest excited states, though with a few significant differ-
sections were obtained in the static-exchange approximatiofces: in particular, we predict markedly lower thresholds for
the 1,2%E and 11°A, states. We find, as did Gordon, that the
¥Electronic mail: carl@schwinger.caltech.edu lowest excited states involve excitation not only out of the
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TABLE I. Properties of some low-lying excited states of {3iH,.

o Vertical thresholdeV) Oscillator strength

Principal
State character SECI IVO Expt? SECI IVO
23A, 7a,—8a; 8.52 8.98
1°E 3e—8a, 8.59 9.28
23 3e—9a, 8.94 9.80
13A, 3e—4e 8.97 9.3
33A; 7a,—9a,, 9.09 10.14

3e—4e
21A, 7a,—8a; 9.16 9.25 7.87 0.149 0.115
1'E 3e—8a; 9.47 9.90 8.78 0.144 0.323
2'E 3e—9a, 9.75 10.14 9.15 0.295 0.14%
1A, 3e—4e 9.81 9.92 0.0 0.0
3% 7a,—4e, 9.33 10.16

3e—4e
3E 7a,—4e 10.11 10.32 0.066 0.058
31A, 7a,—9a,; 10.14 10.40 0.409 0.305

*Reference 11.
bComputed with the orbital optimized for the other spin state having the same configuration.
‘Computed with triplet IVO at MP2/6-32G(d) geometry and including all 6-type orbitals.

highest occupied molecular orbital, th&;7Si—C bonding was sensitive to the precise value of this energy loss, which
orbital, but also out of the next-highest orbitak,3vhich is  was set at 0.001 hartree in the results reported below. We
Si—H bonding. In most of the low-lying excited states, eitherretained partial waves up =5, m=5 from the SMC cal-
(7a;) "' or (3e) "' character predominates, but a few, in- culation in computing the dipole-corrected results; below 10
cluding 3"°A; and 3°E, are significantly mixed. That exci- eV, neither the differential nor the integral cross sections
tation both from &; and from 3 is important reflects the were sensitive to the exact value of this partial-wave cutoff
nearly equal binding energies of these orbitals: Their respeGxcept at the very lowest energies. Above 10 eV, the range of
tive Koopmans ionization potentials are 12.4 and 12.7 eV, agrward angles over which the dipole correction is non-
determined from the restricted Hartree—F¢B¥F) calcula-  pegjigible is increasingly small, while, on the other hand,
tion described immediately below, while PhOtoeleCtrO”higher partial waves from the SMC calculation are increas-
spectroscopy gives vertical ionization potentials of 11.6 ingly necessary to describe the near-backward scattering.

and 12,'1 .eV, re_spectlvely. Information on the 'O,WGSt excnecwe’ therefore, omitted the dipole-Born correction to the elas-
states is listed in Table I; except as noted fiE3 improved tic cross section above 10 eV

virtual orbital (IVO) results are computed using the same Elastic scattering was described in the static-exchange

wavefunctions as in the scattering calculations. o ; N
) . approximation; that is, we neglected polarization of the tar-
The molecular ground state was described by a smgle-pp 9 b

) . . : .Iget molecule by the projectile electron but solved the full
configuration RHF wave function. The basis set used was, I anv-electron scattering problem defined by the charae den-
the standard notation, the 6-3t%G(3d,2p) basis set as y gp y 9

defined in the prograreamess® (which differs slightly from sity of the RHF ground state. For comparison purposes, we
the basis set of the same name in Gaugiain most cal- also computed elastic electron cross sections for disilane,
culations, all six Cartesian components of tthefunctions SiHs, and ethane, {Hg, under the same conditions as for

were included, giving a total of 182 primitive and 138 con- CH,SiH, i.e., using the static-exchange approximation, the
tracted Cartesian Gaussian functions for GHH;. In the ~ 6-311++G(3d.2p) basis set, and the respective ground-state

I 124,25
7a,—4e calculations, the 8type combination ofd func-  €quilibrium g.eometneé._ _
tions was excluded, reducing the size of the basis set by 6 10 describe the excited states of QS?H&G‘Ne used the
functions. improved virtual orbitalIVO) approximatiorf® In the colli-

We obtained 0.727 D as the RHF value of the permanen‘%ion calculations, a common IVO was used to describe sin-
electric dipole moment, which compares well with the ex-glet and triplet excited states having the same nominal con-
perimental value of 0.735 BLA dipolar field causes elastic figuration; excitation thresholds were computed using that
scattering in long-range collisions, an effect not fully cap-common orbital and the appropriateinglet or triple}
tured in our SMC calculation, which employs square-Hamiltonian. For the (@;—8a;) "*A; and (7a;
integrable trial functions. We accordingly incorporated a cor-—9a1) “°A; states, the singlet IVO was used, while for
rection for such long-range scattering using well-knownthe (3e—8a;) M, (3e—9a;) *E, and (7a;—4e) 1
techniques based on the dipole-Born approximatioio  states, the triplet IVO was used. The-3 4e excitation pro-
suppress the divergence of the elastic dipole-Born amplitudguces six states®A;, °E, and *®A,. For that case, we
in the forward direction, we included a small, arbitrary in- carried out a singlet IVO calculation for the\, state and
elasticity. Neither the integral cross section nor the differenused the resulting & orbital pair to form all eight possible
tial cross section away from the extreme forward directionhole-particle and spin combinations. Each such combination
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was treated as a scattering channel, with'thg VO energy  excitation of CHSiH, is outside the scope of the present
as a common threshold for the four singlets and A&  electron-collision study, we did carry out limited calculations
energy computed using that IVO as a common threshold fopn selected excited states usingaMESS its internal
the four triplets.(Although limitations ofcAMESSresulted in - 6-31+G(d) basis set, and complete-active-space self-
the 3e—4e triplet energy calculation incorporating un- consistent field CASSCH wave functions with six active
wanted “extra” configurations, the natural-orbital occupan-electrons in seven active orbitals. The calculations were run
cies showed that the effect was very slighProper (2  as geometry optimizations beginning at the vertigabund
—4e)*%A,, 1°E, and' A, states were formed at the end of state geometry, with the wave function restricted to one of
the calculation by taking appropriate linear combinations ofthe two representation\( or A”) of the C4 point group. At
the channels. the initial geometry, the active orbitals thus comprised the 3
The excitation thresholds obtained from the VO calcu-and 7a; occupied orbitals together withag, 4e, and %,
lations just described are shown in Table | together with thevirtual orbitals. Such limited calculations cannot identify ev-
SECI and experimental values. Where comparison is posery important dissociation channel, nor can they identify sec-
sible, the SECI results are significantly above the experimenendary dissociations and rearrangements, but they can iden-
tal values. Because the IVO approximation is a restrictedify barrier-free dissociation pathways on repulsive surfaces
form of SECI, it must give poorer results, but generally theand so provide some useful insights.
additional error is moderate. The CASSCF optimization iRA’ showed that the low-
Excitation cross sections were computed in six separatest excited state, @ —8a;) 2 A, can dissociate without
few-channel calculations, in each of which the elastic chana barrier to methyl and silyl radicals. A calculation for the
nel was coupled to the singlet and triplet channels associate?A; state proceeded to a geometry with the Si—-C bond
with a given one-particle excitation. Taking into account thestretched to 2.74 A before encountering convergence diffi-
degeneracy of th& representation, the inelastic scattering culties, suggesting that that state also dissociates tg CH
calculations thus coupled either three channés 7a; + SiHz. On the other hand, calculations A" and3A” for
—na, excitationg, five channels(for 3e—na, and 7a;  one component of each of thed3:8a,) 11°E states both
—4e excitations, or nine channels (8—4e). proceeded downhill to Hand singlet or triplet CESiH radi-
Optically-allowed transitions may be excited in long- cals. These results are consistent with the Si—C bonding
range collisions between the electron and the target, an effecharacter of the &, orbital and Si—H bonding character of
that may be taken into account by applying a dipole-Bbrn the 3e orbital. Computational study of higher-lying states
correction analogous to that used for the elastic channetithin the®-*A; and™*E manifolds is more difficult and was
but based on the transition dipole rather than on the groundiot carried out; however, we anticipate that some fraction of
state permanent dipole. We applied such corrections téxcitation to such higher-lying states will result in dissocia-
electron-impact excitation of the &1—8a,) *A;, (7a; tion on the 21°A; and 1'°E surfaces due to conical inter-
—9a,) 'A;, (3e—8a,) 'E, and (2—9a,) 'E states, us- Sections and/or radiative transitions.
ing the IVO length-form transition dipoles corresponding to ~ We may compare our dissociation results to the photo-
the oscillator strengths listed in Table | and retaining partiachemical studies of Longeway and Lampesing 147 nm
waves up tof =5, m=4 from the SMC calculation. The (8.43 €V} photons. Reference to the photoabsorption
remaining states considered here are either optically forbidspectrumt' indicates that 8.43 eV is well above the peak
den or have small oscillator strengths in the SECI approxi@bsorption of the first singlet excited state, a¢7
mation (except in the special case 0é3:4e discussed im- —8a;) 2'A;, and well into the low-energy shoulder
mediately below of the second singlet state,€3-na,) 1 1E, which we found

The (33*)49) 9-channel calculation produced an unusu-to dissociate into Cl\;‘BiH‘FHZ Consistent with our cal-
ally large 'E cross section, with a peak value of aboutculations, Longeway and Lampe deduced that 69% of the
1.7x 10 %8 cn?? and a slow fall-off at higher energies, even Primary photodissociation preserved the Si—C bond, with
before applying a dipole-scattering correction. This behaviofh€ products being, in order of decreasing quantum
correlated with a very large oscillator strength, 1.01, comYield, CHSiH,+H,,  CH;SiH+H,, ~CHSiH;+H, and
puted using the same description of te state. On closer CHsSiH+2H, while the remaining 31% of primary dissocia-
examination, we found that using thE potential instead of tion produced Ch+H+SiH, and to a lesser extent
the A, produces a very differented IVO and a much CHy+SiH,.
smaller oscillator strength. Moreover, the SECI calculations
indicate no°E or 1?A, states having a cleare3-4e one-
particle character. The €8-4e) Y% and *®A; cross sec- [||. RESULTS AND DISCUSSION
tions obtained from our 9-channel calculation, therefore, can- . .
not be considered physical. On the other hand, tHé,1 A. Elastic scattering
state is well described as &3 4e single-particle excitation, Figure 1 shows the elastic integral cross secli@n)
and an IVO-type calculation for that state producesea 4 for CH;SiH,;, along with its decomposition intG5, symme-
orbital highly similar to that obtained forA,. We thus re- try components. Although Fig. 1 shows only the summed
port below only the*A, cross sections from the €3-4e) cross section fofE, it may be noted that its two compo-
calculation. nents, which are not equivalent from the point of view of the

Although detailed investigation of dissociation following numerical quadratures used, were computed independently
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FIG. 1. Integral cross section for elastic scattering of electrons bySGH FIG. 2. Comparison of the calculated integral cross sections for elastic

along with itsC,, symmetry components. Below 10 eV, the integral cross scattering of elt_actrqns by GBiH; with_cross sections obtained at the same
section is shown both wittsolid line) and without(dashed linga correction  level of approximation for GHg and SjHs.
for long-range scattering.

shifts applied to the C—H™* orbitals lead to an expectation

and differed from each other by less than 1% at all energiesf resonances in bothA; and?E near 15 eV; that no such
shown(and by less than 0.5% above 5)e¥or the symme- features are visible in Fig. 1 suggests that any such reso-
try components, we show only results without the dipole-nances must be very weak and/or broad.
Born correction, while for the ICS itself, we show results In Fig. 2 we compare the elastic ICS of gHiH; with
both with and without the dipole-Born correction below 10 the static-exchange cross sections for the closely related mol-
eV. As may be seen, the correction is quite small abex2  ecules ethane (C{€H;) and disilane (SiESiH;). Over the
eV, while at 2 eV and lower energies, we expect the comenergy range studied, the G&lH; ICS is everywhere larger
puted cross section to be qualitatively incorrect due to exceghan the CHCH; ICS and is smaller than the SiSiH; ICS
sive sswave scattering, a characteristic feature of the staticeverywhere except the very lowest energies, where dipolar
exchange approximation that produces the low-energgcattering enhances the g¥iH; cross section. That the scat-
enhancement ofA; seen in the figure. tering cross section should generally increase with increasing

The?A, component, having contributions only from par- target electron count and geometric sitiee order of bond
tial waves withm,=3, is both expected and found to be lengths beingr c<rgc<rgys) is a natural expectation,
small over the energy range of Fig. 1, although the calculathough one that is more strictly justified for thetal scatter-
tion probably gives somewhat too small a value at the higheing cross section than for the elastic component alone.
energies shown, because only a few functions in our Gauss- We expect, as mentioned earlier, that the static-exchange
ian basis sefthe p functions on the hydrogepsan contrib-  resonance positions we have calculated will lie above the
ute to the?A, trial wave function. The main contributions to actual resonance positions byl to a few eV. As a point of
the ICS come fromdA; and?E. While neither of these shows reference, measurements on disifdnghow a pronounced
any sharp resonance features, at least two broad shouldeesonance at about 2 eV that we assign to Heshape
visible in ?A;, at about 6.5 and 10 eV, as well as a broadresonance that our calculation places at about 3.4se¢
peak in%E at about 6.5 eV, may be associated with shapeFig. 2).
resonances. Because low-energy shape resonances are almostin Fig. 3 we compare the momentum transfer cross sec-
always associated with virtual valence orbitals, insight intotion (MTCS) for methylsilane with the MTCS for ethane and
them can often be gained from a consideration of the numdisilane. Above 30 eV, the magnitude of the MTCS corre-
ber, type, and energies of RHF virtual orbitals computed in dates with molecular size, as was the case for the ICS at all
minimal basis set, though the RHF orbital energies typicallyenergies; however, the MTCS of all three molecules are ap-
must be shifted downward by several eV or more to obtaimproximately equal from about 10 to 30 eV, while below 10
reasonable agreement with resonance positions. In theV the differences among the MTCS appear to have more to
present case, minimal-basis-set RHF calculati@miztained do with the prominence of the shape resonances than with
with GAMESSand its internal STO-6G bagiplace the virtual molecular size(though the SiHg MTCS is in fact largest,
valence orbitals at 12.2 eV 6, Si—-Co*), 12.7 eV (&, and the GHgz MTCS smallest, in that rangeThe SpHg
Si—-H ¢*), 14.2 eV (%9, Si-H ¢*), 19.3 eV (%, C-H  MTCS, in particular, shows a strong peak near 3.4 eV which
o*), and 20.2 eV (18,, C—H o*). The first three of these may be attributed to théE shape resonance at that energy;
orbitals correlate fairly well with the cross-section shouldersthis peak is also visible in the IC&ig. 2) but is there less
and peaks noted, if shifts of 4 to 6 eV are applied. Similarprominent compared to 8A; resonance at about 5.2 eV,
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FIG. 3. Comparison of the calculated momentum-transfer cross sections fdf/G- 5. Computed integral cross sections for electron-impact excitation of
; ; i ; the (7a;—8a,;) %A, (solid line), (7a;—8a,;) *A; (short dashes (7a
elastic scattering of electrons by, CHs;SiHs, and SjHg. 1 1 1 ) 1 1) A1 1
—9a,) ®A; (long dashes and (7a;—9a;) *A; (dot-dashed lingtransi-
tions in CH;SiH,.

indicating that the’E resonance has a greater influence on
high-angle scattering.

The elastic differential cross section@CS) for
CH,SiH; are shown at selected energies in Fig. 4. Results for ~ Figure 5 shows the integral cross sections for electron-
C,Hs and SiH, are again shown for comparison. The effectimpact _excitation of the (&—8a;) **A; and (7,
of the dipole interaction on the GHiH, DCS is seen to be —921) ““A; states. Each of the cross sections in Fig. 5 dis-
insignificant except at angles very near 0°. There is littlePlays a peak centered near 12 or 13 eV. Symmetry decom-
resemblance among the cross sections of the different moRosition(not shown indicates that in each case bdy and
ecules. At 5 eV the effect of tHE resonance on high-angle “E contribute to the peak in approximately equal amounts
scattering by SHe is evident, while the gHs DCS shows ~ €xcept for (B;—9a;) *A;, where”E accounts for about
structure at 10 eV that may be associated with a broad sha;?é3 of the cross section, with this “extra” contribution from
resonance there. At higher energies the cross sections bee roughly accounting for the difference in peak height be-
come increasingly forward-peaked and increasingly oscillafween 3'A; and the other three channels. Above 20 eV, the
tory at high angles, with these trends being most pronounce®nglet cross sections are increasingly dominated by the
for the largest molecule, $ilg, and least pronounced for long-range scattering accounted for by the dipole-Born cor-
CyHs. rection, while the triplet cross sections fall off rapidly, as
expected for spin-changing excitations.

The peaks in the cross sections of Fig. 5 may be due to
core-excited shape resonances, which could arise by the
same mechanism as the shape resonances in the elastic chan-
nel, that is, temporary trapping in empty valence orbitals.
Such an origin would make the strong resemblance among
the peaks more understandable, as the states concerned all
involve excitation from &, to ana,; Rydberg orbital and so
might produce very similar short-range potentials.

In Fig. 6 we present the integral cross sections for exci-
tation of the (2—8a;) °E and (3—9a,) »°E states. As
was the case with theaZ— 8,9, excitations, there is an
overall resemblance among the cross sections, although in
the present case the two singlet cross sections differ greatly
in magnitude, and moreover thed7—8a,) *A; cross sec-
tion shows only a single maximum at about 12.5 eV, while
the other three channels have maxima near 13 eV and near
T R 15 eV. Symmetry decomposition again indicates that both

0 30 60 9 12§ca1t5tgri|1180A(r)l I:z’de 6)0 90 120 150 180 2A, and?E contribute to the peaks in the cross sections.
dAnd 4 Cross sections for the @f—4e) Y excitations are
FIG. 4. Differential cross section for elastic electron scattering bySnty, ~ Shown in Fig. 7. Comparison with Fig. 5 shows that these
at selected energies, with results fojHg and SjHg shown for comparison.  Cross section are qualitatively similar not only to each other
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FIG. 6. Computed integral cross sections for electron-impact excitation oFIG. 8. Computed integral cross sections for electron-impact excitation of
the (32—8a,;) °E (solid line), (3e—8a,) 'E (short dashés (3e the (3e—4e) 3A, (solid line) and (3—4e) A, (dashe} transitions in
—9a,) °E (long dashes and (2—9a;) E (dot-dashed lingtransitions ~ CH,SiH;.

in CH3SiH;.

but to those for the & — na, excitations, the principal dif- Small magnitudes are indeed expected Agr—A, transi-
ference, aside from magnitude, being that in the present cad®ns, which are symmetry-disfavoréti?® The excitation
the cross section maximum is near 15 rather than 13 e\@mplitude must vanish whenever the scattering plane coin-
Although we have omitted the dipole-Born correction to thecides with one of the three, symmetry planes of C$iH;
singlet cross section in the present case, one can nonetheléd¥ by continuity must also be small at nearby collision ge-
observe that the singlet cross section falls off more slowlyometries. Moreover, the pattern seen in Fig. 8—the triplet
with energy than does the triplet cross section; inclusion ofnd singlet cross sections being quite similar in form but
the dipole correction would somewhat enhance this differdissimilar in magnitude, with the singlet cross section sig-
ence. nificantly smaller—has also been found in calculations for
The (3e—4e) 12, cross sections are shown in Fig. 8. Symmetry-disfavoredA, —A, or X" —X" transitions in
As described in Sec. II, these are the only physically meanH2CO.**?CO**!N,,** CO,,* andc-C,4Fg.** Such a pat-
ingful excitation cross sections obtained from thee(3 tern was also seen experimentally in recent studies gf N
—4¢€) 9-channel calculation. TheA, cross section is the @although itis absent or less clear in earlier measurenients.
smallest, and théA, cross section among the smallest, of ~ Sources of error affecting our excitation calculations in-
the CHSIH; excitation cross sections we have computedclude the use of the single-particle IVO approximation to
describe the excited states. As we have mentioned, of the six
states nominally arising from thee3-4e excitation, only
T the 1%A, states appear to correlate well with physical states
of CH;SiH;. Neglect of multiconfigurational character may
also affect other of our excitation calculations, though prob-
ably to a much lesser extent, since most of the other excited
states are well described by a one-hole, one-particle picture.
However, the SECI calculation indicates that th&A3 state,
which we have treated as arising solely from;79a,, in
fact contains a strong admixture oé3>ne. Also, our use of
a common VO orbital to represent both singlet and triplet
states having the same nominal configuration may not al-
ways be a good approximation. Other sources of error that
should be mentioned include numerical sensitivity that, es-
pecially near threshold, can introduce unphysical sharp fea-
tures and some uncertainty in the excitation cross section
magnitude; neglect of core relaxation, which may cause
core-excited resonances to appear too high in energy, possi-
bly even causing Feshbach resonances to appear as core-
FIG. 7. Computed integral cross sections for electron-impact excitation OP?(CItEd resonances, use_ of the IVO thresholds, which are
the (7a,—4€) 3E (solid line) and (7a,—4e) 'E (dashes transitions in  higher than the true vertical thresholds; and use of the IVO
CH;,SiH;. transition dipole moments, which may contain significant er-
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