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Photoelectron branching ratios and angular distributions have been measured for the six
outermost levels of SF6 in the range 16(hv & 30 eV with the use of synchrotron radiation.
These results are discussed in the framework of the large variety of experimental and
theoretical studies of SF6 with the dual objective of resolving the long-standing problem of
the ordering of the valence shells and of gaining some insight into the role of shape-
resonant behavior in the low-energy photoionization continua of SF6. These objectives are
met with partial success in that we tentatively conclude the valence configuration
5a lg4t &Ii 1t 2g 3eg ( lt zp +St 1„)1t lg

'A
lg is most consistent with the available body of evidence

and that it is plausible to invoke channel interaction near the strong resonant feature at
hv-23 —24 eV to help account for some of the apparently contradictory evidence. Further
experimental and theoretical work is suggested to clarify these issues.

I. INTRODUCTION

The photoionization of SF6 has been avidly stud-
ied over the past 10—15 years. One inducement
has been its octahedral symmetry, which should
render the study of its spectral properties more
tractable than for other large polyatomics. Anoth-
er, less trivial, motivation has been the central role
played by SF6 in the elucidation of shape-resonance
effects in molecules. The four shape-resonant
features (a t, t&„, t2s, and es) in the sulfur K-shell'
and L-shell spectra remain the most striking exam-
ples of potential barrier effects in molecular spec-
tra.

For these and other reasons, a large amount of in-

formation has been generated on SF6 photoioniza-
tion and related excitation processes: On the
theoretical side, several groups have calculated the
electronic structure of SF6, and others have cal-
culated partial photoionization cross sections
and photoelectron angular distributions' ' for all
the subshells of SF6. In addition, the elastic e-SF6
scattering cross section' ' has been calculated indi-

cating the role of the above-mentioned shape reso-
nances and the close connection' between shape
resonances in electron scattering and photoioniza-
tion contexts. An even larger collection of experi-
mental work includes (i) x-ray absorption and emis-
sion cross sections from core levels, ' ' (ii) vuv

absorption by valence levels, ' ' ' (iii) photoelec-
tron spectra using x-rays and vuv resonance
lines, (iv) photoelectron angular distributions
with HeI radiation, (v) partial photoionization
cross sections using synchrotron radiation, (vi)
photoionization mass spectrometry and ionization
yield measurements, ' and (vii) electron scattering
measurements of total scattering, ' differential elas-
tic scattering, and inelastic scattering in the low-

energy, ' pseudo-optical limit, and (e,2e)36 con-
figurations.

Despite this great body of information, however,
there remain major unsolved questions concerning
the spectroscopy and dynamics of SF6 photoioniza-
tion. The two issues of concern here are the order-
ing of the valence levels of SF6 and the role of the

t2g shape resonance in valence-shell spectra. Con-
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cerning the ordering of valence levels, several
ground-state configurations have been proposed on
the basis of different types of evidence, but, as of
yet, there is no broad consensus. This issue is com-
plicated by the near degeneracy of two valence lev-

els (which two is one of the central questions), re-

sulting in the occurrence of six photoelectron peaks
in the binding energy (BE) range 16 eV&BE(30
eV, where seven valence levels are known to lie.
The study of shape resonance effects in valence-
shell spectra depends very much on establishing the
ground-state configurations as, in the independent
electron approximation, dipole selection rules govern
which orbitals will make transitions to particular
shape resonances. The significance of the qualifica-
tion in italics will be discussed later.

In this paper, we present new evidence and review

the existing literature in an attempt to resolve these
problems. In particular, we present new measure-
ments of partial photoionization cross sections,
branching ratios, and photoelectron angular distri-
butions for the valence levels of SF6 in the photon
range 16 eV&hv&30 eV. The partial cross sec-
tions and branching ratios agree well with those
measured earlier by Gustafsson where the two sets
of data overlap. In addition, we present multiple-
scattering calculations' of the same quantities.
The theoretical calculations will be described in de-
tail elsewhere. ' They are used here in a form
chosen specifically for extracting the needed infor-
mation from the data. Namely, they have been con-
voluted with the experimentally observed peak
shapes and are plotted in alternative ways to illus-
trate the consequences of adopting various valence-
level orderings. In the discussion of the results, we
conclude that the most plausible valence configura-
tion is

Sa ig4t i„1 t~g3eit( 1ti„+5t i„)lt ig
'3 ig,

although some small uncertainty still exists regard-
ing the location of the 1tz„ level. We conclude by
proposing further experimental and theoretical
work to test our conclusions and to study the strong
channel interaction effects implied by them.

II. EXPERIMENT

The apparatus used in this work has been
described in detail elsewhere and will only be dis-
cussed briefly here. The variable wavelength light
was obtained from a high-aperture 2-meter,
normal-incidence monochromator attached to the
National Bureau of Standards (SURF-II) storage

ring. With a 1200-line/mm grating, a virtual en-
trance slit (the stored electron orbit), and a 100-pm
exit slit, this instrument produced a spectral resolu-
tion of 0.4-A full width at half maximum (FWHM)
and flux of 5)(10' photonssec 'A ' at 600 A
with a typical 10-mA beam circulating in the
storage ring. The ejected electrons were energy
analyzed by a 2-in. mean-radius hemispherical
analyzer operated at a constant resolution of 110
meV. The analyzer was calibrated with the use of
Ar gas whose photoionization cross section and
photoelectron asymmetry parameters are
known in this wavelength range. As the light from
the monochromator was elliptically polarized, the
differential cross section in the dipole approxima-
tion, assuming randomly oriented target molecules,
can be written

= (0'„,/4~ )[I+ —,P(3P cos28+ I )],

where P is the photoelectron asymmetry parameter,
0 is the photoelectron ejection angle relative to the
major polarization axis, and

P =(I(~ Ii ) l(l~(+I—i)

is the polarization of the light which was measured
with a three-mirror polarization analyzer.

At each wavelength reported here, photoelectron
spectra of all energetically accessible valence states
of SF6 were recorded at 0=0', 45', and 90'. At
each angle the net counts in each photoelectron
peak were summed, and the integrated counts were
corrected for the transmission function of the elec-
tron spectrometer and a small & 4%%uo angular correc-
tion factor based on the aforementioned electron
spectrometer angular calibration. The asymmetry
parameter P was then determined for each peak by
means of Eq. (1), and photoionization branching ra-
tios were determined by comparing the relative peak
intensities at the magic angle 0=58', as deduced
from Eq. (1), with the use of the intensities at the
measured angles and the measured P values. Partial
photoionization cross sections were then determined
for each state by taking the product of the branch-
ing ratio and the absolute, total ionization cross sec-
tion reported by Hitchcock et al. The errors
quoted in the next section represent a combination
of the statistical uncertainty of the integrated peak
intensities and the degree of agreement between the
parameters deduced from the redundant set of mea-
surements at three angles.
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III. RESULTS Peak 1

There are seven occupied valence states of SF6
with ionization potentials (IP's) less than 30

25 —38eV, all derived from the fluorine 2p and sulfur
3s, 3p, and 3d atomic orbitals. Their approximate
ordering starting with the least tightly bound is
1t6 6 6 4 6 6 2

]g 5t ] 1t 2 3eg 1t 2g 4t ~„,and 5a ~g combining
to give a closed-shell ground state with 'A sym-m-
metry. The photoelectron spectrum covering
this range of IP's exhibits six peaks with vertical
IP's of 15.7, 17.0, 18.6, 19.7, 22.5, and 26.8 eV. In
the following, we will refer to these as peak 1

through peak 6, respectively, in order of increasing
IP. Clearly, one of the peaks encompasses two IP's,
and the probable candidates are peak 2 and peak 3.
This will be the main focus of the next section.
Peak 6 is easily and unanimously assigned to the
Sais molecular orbital (MO) and is not discussed
further here since its branching ratio is always

g2% for hv& 30 eV, and it was not well charac-
terized in the measurements presented here.

Our experimental results are presented in Figs.
1 —5 for peaks 1 —5, respectively, along with corre-
sponding theoretical results which will be described
below. In each figure, the top frame contains the
photoelectron asymmetry parameter P from the IP
up to hv=29. 2 eV. The P values tend to gravitate
around P=O, and the resulting nearly isotropic dis-
tribution was easily measured with good precision.
The average uncertainty was +0.03 with the largest
being +0.1. Including the uncertainty in the cali-
bration procedure, we assign an overall accuracy of
approximately +0.05 to the P values. Differences
of up to 0.15 were noted relative to earlier measure-

27 0

ments of P at 584 A; however, for all but peak 1,
our P's lay in the range of P's measured across the
bands in Ref. 27. Some discussion of the variation
of P's across peaks 2 and 3 is given at the end of
this section. In view of the likelihood of autoioni-
zation near 22.2 eV, ' we are not greatly concerned
with the differences observed using our medium-

resolution light source and the narrow-band reso-
nance line.

The second frame in Figs. 1 —5 gives the branch-
ing ratios of peaks 1 —5 relative to the sum of their

~ ~

intensities. Uncertainties in these quantities are
typically +0.01. Agreement with earlier measure-
ments by Gustafsson is generally good, although
local differences of 0.05 are observed. Differences
in energy mesh, transmission function calibrations
for low kinetic energies, and the P dependence of
the earlier measurements probably contribute to
this, although the differences do not significantly
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FIG. l. Photoelectron asymmetry parameter, branch-
ing ratio, and partial cross section for peak 1 (IP=15.7
eV). Open circles are present data. Curves are theoreti-
cal calculations as described in Sec. III.

affect the following discussion.
The lower frame in Figs. 1 —5 contains the par-

tial cross section for peaks 1 —5, obtained by multi-
plying the measured branching ratios times the total
ionization cross section (total photoabsorption cross
section multiplied by the ionization efficiency) re-
ported by Hitchcock et al. Again semiquantita-
tive agreement was observed with the analogous

d .23
analysis by Gustafsson, who used total abso t'

ata by Lee et al. The total absorption cross sec-
tions by Hitchcock et al. and Lee et al. are in
good agreement throughout the range discussed
here. The only significant issue is the assum tion

y ustafsson that the ionization efficiency is uni-
ty throughout this range. The ionization efficiency
measured by Hitchcock et al. was greater than
90%%uo for hv& 20 eV, but fell off toward the ioniza-
tion threshold to a value of 25/o at hv=16 eV.
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FIG. 2. Photoelectron asymmetry parameter, branch-

ing ratio, and partial cross section for peak 2 (IF=17.0
eV). Open circles are present data. Curves are theoreti-

cal calculations as described in Sec. III.
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FIG. 3. Photoelectron asymmetry parameter, branch-

ing ratio, and partial cross section for peak 3 (IP=18.6
eV). Open circles are present data. Curves are theoreti-
cal calculations as described in Sec. III.

This accounts for some, but by no means all, of the
quantitative differences between the data sets. The
observed semiquantitative agreement is considered
satisfactory for this type of measurement at this
time, and, although it would be desirable to remove
the remaining minor discrepancies, they pose no
significant problem vis-i-vis the issues discussed in
the next section. There, the occurrence of peaks in
the partial cross sections represents the most signifi-
cant aspects of the data; and, on this point, there is
no qualitative disagreement.

The continuous curves in Figs. 1 —5 are theoreti-
cal results for each measured quantity. They have
been presented in the following manner to try to aid
in resolving assignments in valence shell photoioni-
zation of SF6 by use of dynamical evidence. First,
the partial cross section and photoelectron asym-
metry parameter for each valence state of SF6 was

calculated' ' using the multiple-scattering model
by now standard procedures. These calculations
will be presented and discussed in detail elsewhere. '

Second, three sets of theoretical curves were derived
as described in Table I, each set corresponding to
one of the possible valence configurations discussed
later, each differing in the assignment of the 5ti„,
1tz„, and 3eg initial states to peaks 2 and 3. Third,
each set of dipole matrix elements and asymmetry
parameters was combined with the corresponding
experimental IP's, consistent with the assignments
in that set, and was then folded with Gaussian line
shapes with the half widths in the experimental
spix:trum (0.4, 0.6, 0.7, 0.7, and 0.4 eV for peaks
1 —5, respectively). This avoided sudden jumps in
the branching ratios at higher IP's and ensured the
comparison between experiment and theory was not
confused by the intrinsic and instrumental widths
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FIG. 5. Photoelectron asymmetry parameter, branch-
ing ratio, and partial cross section for peak 5 (IP=22.5
eV). Open circles are present data. Curves are theoreti-
cal calculations as described in Sec. III.
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of the photoelectron peaks.

In Fig. 6, we show some typical data at
hv=20. 25 eV where the doubling in peak 3 is ap-
parent. This has been observed by previous au-
thors. In Fig. 7, however, we show that at
hv=22. 2 eV, pronounced doubling also occurs in

TABLE I. Trial assignments used to construct
theoretical curves in Figs. 1 —5.

peak 2, at which wavelength peak 3 does not exhibit
clear doubling. This doubling can be due to Jahn-
Teller splitting, the effects of two overlapping
bands, or final state resonance effects such as au-
toionization. A shoulder on peak 2 was also ob-

0

served at 584 A by Sell and Kuppermann and by
Gelius, although not as pronounced as in Fig. 7.
The point is, both controversial peaks, each argued
to consist of overlapping bands by various authors,
exhibit pronounced doubling at selected wave-

lengths and angles. Therefore this type of qualita-
tive argument cannot be used to resolve the existing
controversy in any straightforward manner.

IV. DISCUSSION

To simplify the discussion of the complex body
of data bearing on this subject, we will proceed by
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placement of the 1t2„, on the other hand, is the
most controversial assignment. We assign it to
peak 2 mainly on the evidence of the x-ray pho-
toelectron spectrum, as interpreted by Gelius. At
hv=1.25 keV, the second peak in the photoelectron
spectrum is approximately twice as large as the
first, third, or fourth. As all of these are derived

mainly from fluorine p orbitals, this suggests that
the second peak consists of two overlapping bands.
This is a simplified version of Gelius' more detailed
analysis in terms of net atomic populations. Note
also that in all recorded photoelectron spectra at
any wavelength, peak 2 is significantly larger than

peak 3. This concludes the main arguments sup-

porting the recommended assignment. Note that it
relies heavily on x-ray data, which, as we shall sug-

gest later, is valuable in that it should be free from
gross channel interaction effects that are believed to
significantly modify valence shell dynamics. Note
also that this conclusion means that the doubling in

peak 2 probably arises from the superposition of
two peaks (although other causes could also distort
the photoelectron peak) and that peak 3 is split at
certain wavelengths and angles by the Jahn-Teller
effect.

The major difficulty with the above picture arises
from work by Gustafsson, who used partial cross
section measurements, and earlier evidence that a
shape resonance occurs at -5-eV kinetic energy in

the t2g continuum, to conclude that peaks 2 and 3

corresponded to ionization from the 5t»+3es and

1t2„MO's, respectively, with the possible inter-

change of the two odd-parity MO's. This was later
discussed in connection with multiple-scattering
calculations with the same general conclusions, "al-

though the 5ti„and 1tq„were switched in that
work. The reasoning was the following. Since a
final-state shape resonance of tis symmetry is

known to lie at -5-eV kinetic energy, photoelectron
peaks which are significantly enhanced approxi-
mately 5 eV above their respective IP's will be odd
levels which couple to the t2g resonance in a dipole
transition. Peaks 2, 3, and 5 were observed to
resonate between 5 and 6 eV above threshold, and
therefore they would be assigned to the odd levels

St», 1t2„, and 4t&„with some ambiguity concerning
the first two. Gustafsson used the x-ray photoelec-
tron intensity arguments employed above to con-
clude peak 2 contained two peaks and therefore the

3eg. It is now fairly clear from x-ray emission data
that the 5ti„and 3eg levels are associated with

peaks 2 and 3, respectively. However, the argument
that peak 3 resonates at 5-eV kinetic energy, and
therefore contains the 1tz„peak is a serious con-

tradiction to the assignment proposed earlier, par-
ticularly since our data confirm the resonant
behavior and the existence of the t2g shape reso-
nance is well established.

We tentatively resolve this dilemma by attribut-
ing the resonant activity of peak 3 to some form of
channel interaction whereby peak 3 shares in the
huge resonant enhancement of peak 2 at
hv-23 —24 eV. The coupling could be direct
Coulomb coupling between the nearly degenerate
channels since the excited complex (ion plus pho-
toelectron) has the same symmetry, or possibly vi-
bronic coupling. The latter may be enhanced (rela-
tive to typical direct molecular photoionization)
since the electron is resonantly trapped, and hence
delayed in its escape, and the SF6+ ion is known to
be unstable relative to fragments of lower symme-

try. This conjecture is nebulous and would require
more theoretical study to demonstrate its validity.
However, it is supported by the following observa-
tions. First, strong channel interaction resulting in

intensity borrowing in the vicinity of the strong
resonant enhancement at hv-23 eV in the total
cross section would tend to occur near this photon
energy. Indeed, peaks 2 and 3 reach a maximum at
A.v-23 eV and are better aligned than on a kinetic
energy scale. Second, peak 1, almost surely involv-

ing an even initial state, also peaks at hv-23 eV
when the sloping background is taken into account
(see Fig. 1). In fact, the local enhancement at
hv-23 eV in peak 1 is the same magnitude (-15
Mb) as that in peak 3. The enhancement is more
clearly displayed in Fig. 1 than in Gustafsson's
data, but both exhibit a clear rise at hv-22 —23
eV, which is totally absent from the one electron
calculations. Third, the appearance of symmetry-
forbidden transitions to shape resonant features has
already been noted in inner-shell absorption spectra
for SF6, e.g., the t&„shape resonance is seen as a
weak bump in the sulfur 2p absorption spectra, and
the a &g, t2g, and ez resonant feaures align with weak
features in the sulfur 1s spectra, when the spectra's
IP's are aligned. The coupling in the x-ray spectra
is weak, only a few present, whereas one would have
to postulate coupling on the order of 20% in the
valence shell; but the qualitative trend is reasonable
owing to the quasidegeneracy in the valence spectra.

Another possible source for deviations from the
independent-electron reasoning regarding the ap-
pearance of resonant enhancements in the partial
cross sections is autoionization structure, particular-
ly that involving the shape resonantly enhanced an-
tibonding 6a&g and 6t» MO's, known to cause
strong features below inner-shell thresholds. If one
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of these states occurred near hv-23 eV, this could
perturb the simplified shape-resonance picture. The
two most likely candidates are the Sa~g~6t~„and
the 4t&„—+6a

&g transitions. Taking the kinetic ener-

gy of the 2tzz shape resonance as -5.7 eV and the
6a ~g-tzg and 6t&„-tzg spacings from x-ray absorption
data, we arrive at transition energies of hv -17.2 eV
and 26.7 eV for the 5a~g~6t» and the 4t» ~6a ~s

transitions, respectively. (Note that shape-resonant
features shift by -1—3.5 eV toward higher kinetic
energy in going from inner-shell to valence-shell
spectra due to different screening and other differ-
ences in relaxation effects; therefore, we approxi-
mate relative energies from x-ray spectra, but nor-
malize to the tzz in the valence-shell spectra. ) Nei-
ther matches the position of the main resonance
peak at hv-23 eV; however, we note in passing
that the total ionization cross section has an uniden-
tified peak at hv —17 eV. Hence the 6a &s and 6t»
excited states do not appear to bear on the present
discussion. Other weaker, nonresonantly enhanced
autoionization states are known to be in this re-
gion ' and may cause departures from a one-
electron framework of interpretation. However, the
observed structures are weak relative to the magni-
tude of the resonant enhancements in peaks 1 and 3;
and therefore, we tentatively discount the impor-
tance of autoionizing Rydberg states in this connec-
tion.

Against this background, we now examine the ex-
perimental and theoretical results presented in Figs.
1 —5. In assessing the agreement between experi-
ment and theory, recall that in most diatomic and
triatomic cases studied, the independent-electron
multiple-scattering model achieves qualitiative to
semiquantitative agreement with shape-resonant
and nonresonant photoionization. ' The P's are
usually within 0.25 of a P unit and have the same
general shape as the data. The partial cross sections
exhibit all known shape resonances, although the
theoretical resonance line shape tends to be too in-
tense and narrow relative to the data and may be
shifted by 1 —2 eV. Nuclear motion and electron
correlation tend to smear out these sharp features.
We might expect good agreement for SF6 owing to
the favorable close-packed geometry, which should
minimize the impact of assumptions inherent in the
multiple-scattering potential. However, anticipat-
ing our results, we find qualitative departures in the
vicinity of the major resonance at hv-23 eV and
better agreement away from this main resonant
peak, which tends to support the idea that the one-
electron channels are exhibiting strong channel in-
teraction enhanced near the tzg shape resonance.

In Fig. 1, the P computed for the It's MO agrees
satisfactorily with the data. The measured branch-
ing ratio also agrees well with the calculations, re-
gardless of how the assignments for peaks 2 and 3
are chosen. The base level of the partial cross sec-
tion also agrees well with the calculated curve, al-

though significant enhancements exist at threshold
and at hv=23 —24 eV, i.e., where large peaks occur
in the total cross section, as noted above. We there-
fore conclude, in the context of the above discus-
sion, that the dynamical information is consistent
with the assignment of peak 1 to ionization of the
1t&g valence orbital with significant coupling near
strong resonances in other channels. Note that the
branching ratio and partial cross section give rather
different overall impressions about the agreement
between experiment and theory. This arises since a
small difference in the branching ratio can be am-
plified in the partial cross section by a large peak in
the total ionization cross section. Moreover, differ-
ences in wavelength scale and bandwidth between
the total-ionization and photoelectron measure-
ments can produce artificial structure, although
that is not believed to be a problem with the broad
structures involved here.

In Fig. 2, the comparisons with different assign-
ments do not immediately suggest that the recom-
mended solid curve (St~„+It&„ in peak 2) agrees
better with the data. However, the following points
offer some support. First, beyond the resonance
peak, hv &26 eV, the data fall closest to the solid
line. Second, this is also true at higher energies,
e.g., hv-50 eV, where peaks 2 and 3 have cross
sections of —16 Mb and -6 Mb, respectively,
which is reasonably in agreement with the solid line
which goes to 13 and 5.5 Mb for peaks 2 and 3,
respectively. " ' Third, only the solid curve
exceeds the experimental peak which, as stated
above, is most often found in such comparisons. It
should be mentioned that the 1tz„ is responsible for

3 of the cross section in the peak, as indicated by
the dash-dot curve so that its presence in the most
intense channel (peak 2) is strongly suggested. Note
also that the excess of theoretical cross section over
experimental cross section roughly equals the mag-
nitude of the resonant enhancement in peaks 1 and
3 at hv-23 eV.

In Fig. 3, the calculations all badly fail to ac-
count for major aspects of the data. The P, branch-
ing ratio, and partial cross section data depart qual-
itatively from the solid curves, particularly near
hv-23 eV. At the highest energy they begin to
converge, and at hv-50 eV the 3e cross section is

28 g-6 Mb, in good agreement with the calculated
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value of 5.5 Mb." ' We therefore ascribe the
enhanced cross section of peak 3 at Iiv-23 eV to
intensity borrowing from the intense nearly degen-
erate channel represented by peak 2. This assign-
ment is made difficult by the fairly good agreement
between the dash-dot curve and the cross section
data and the P data in Fig. 3; however, adoption of
the dash-dot convention is in direct opposition to
LaVilla's convincing argument based on x-ray emis-
sion data. ' Obviously, this is the main conflict to
be resolved in future work.

In Fig. 4, the overall agreement with the solid
curve is very good, lending dynamical support to
the assignment of peak 4 to ionization of the 1tzz
MO. In Fig. 5, the appearance of the resonant
enhancement at -5.5-eV kinetic energy indicates
the action of the t~& shape resonance in this channel
and supports its assignment to 4t&„ ionization as
suggested by Gustafsson and others.

V. CONCLUSION

To summarize, we have examined diverse evi-
dence, including the present work, concerning
valence shell photoionization of SF6. We have ten-
tatively concluded that the valence configuration

is4r i„lr~s3es(lti„+5r i„)Itis 'A

is most consistent with the most definitive evidence.
We note that apparent contradictions, such as the
comparison of the data and the solid curve in Fig.
3, are serious challenges to our conclusions. How-
ever, these contradictions are based on an
independent-electron picture of valence shell pho-
toionization in SF6. For reasons stated above, we
have chosen to postulate strong channel interaction
in the vicinity of the very intense t2s shape reso-
nance in the 5t»+ ltd„channel (peak 2) at hv-23
eV. If we are correct, this reconfirms that shape-
resonant features can be most easily identified in
inner-shell spectra, whereas their role in valence-
shell spectra can be significantly affected not only
by the increased energy dependence of the dipole
matrix element, but also by the possibility of strong
channel interaction between the more closely spaced
optical channels. We wish to state emphatically

that this paper should not be taken as conclusive on
these issues. Clearly, more work tailored to this
problem area needs to be carried out: Experimen-
tally, it would be beneficial to extend triply dif-
ferential measurements such as those reported here
into the soft x-ray range, say up to hv-150 eV, in
order to avoid the strong channel interactions at
lower energy. Gustafsson reported partial cross
sections up to hv-50 eV, which do, in fact, tend to
support most of our conclusions, although they also
raise additional interesting questions concerning the
failure to clearly observe the strong eg shape reso-
nance at —15-eV kinetic energy. Similar arguments
to those used here may apply to this problem as
well. In addition, high-energy, narrow shape reso-
nances have been found to be significantly
smeared out by nuclear motion, which would be
especially important for this resonance in SF6. All
these interesting aspects notwithstanding, it would
be very useful to move into a region where such ef-
fects were absent in order to establish important
underlying assignments. On the theory side, it is
imperative to begin examining channel interaction
and vibrational effects in this and similar systems.
Owing to the complexity of SF6, this is probably
only feasible at this time in connection with exten-
sions of the multiple scattering model, 44 used here
for independent-electron, fixed nuclei results. We
hope that this work will help stimulate some of this
much needed advancement of present capabilities,
since issues such as those raised here will surely be
frequently encountered in the growing body of work
in valence-shell photoionization of polyatomics us-
ing synchrotron radiation.
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