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Electron impact excitation functions for the Hg(6'P02) metastable states were measured from threshold to 8.5
eV. The 6 Pp 2 states were detected by monitoring the forbidden photon emission. The 6 'P2 state was also
selectively detected by monitoring the 2S37-4 emission from collisional deexcitation to the 6 P& state followed

by radiative decay to 6 So. Structure observed in the excitation functions appears to be due to autoionization
of short-lived excited states of Hg . The ratio of cross sections for formation of the 6'P, o states, o.,lcro,
determined at the peak of the 6 P2 excitation function (E 5.8 eV), is 9.1. The ratio of cross sections at the

peak of each excitation function (6'P2, E 5.8 eV; 6'Po, Z 5.2 eV) is 5.2.

I. INTRODUCTION

In the course of crossed-molecular-beam studies
of chemiluminescent reactions involving metast-
able Hg(6'P, ,) atoms and halogenated molecules, '
accurate know&edge of relative beam populations
of the metastable atoms produced by electron im-
pact excitation was required. Survey of the litera-
ture indicated that excitation functions for the
6'P» states' ' has been measured recently
using different detection methods: (1)Auger
electron ejection, and (2) electrons super'elas-
tically scattered from Hg*. The 6'P, excitation
function of Borst' (method 1) disagreed consider-
ably with that of Korotkov and Prilezhaevas (meth-
od 2). The 6'P, excitation function had been mea-
sured only by Korotkov' (method 2). The work of
Korotkov for the 'P, p states would have satisfied
our needs had it not been for the fact that we had
already measured the 'P, excitation function using
a third method (described in this paper) and had
found close agreement only with Borst. Therefore,
it became necessary for us to measure indepen-
dently the 'Pp excitation function and the ratio of
the 'P, and 'P, excitation cross sections, os/a', .

Our initial attempt employed selective detection
of the 6 Ppp states by optical excitation fluore-
scence involving the 6 Ppp 7 S] transitions.
The preliminary experiments led to unacceptably
large error limits on both the 'P, excitation func-
tion and on v, /sc. ' Although all difficulties en-
countered could have been corrected readily, this
extremely sensitive and selective method of de-
tection was abandoned in favor of direct optical
detection of the Hg(6'P, ,) forbidden-line emission.

Detection of long-lived metastable species (r
& 1 sec) produced by electron impact by monitoring
the forbidden-line radiation is often assumed to be
impractical. In this work, we have demonstrated
feasiblility of the method in an experimental ar-
rangement designed specifically for cross-beam

collisional studies using only electron energy
spreads adequate for our purposes (bE =0.25
eV FWHM).

Since this beam arrangement did not maximize
the collection solid angle or the emitting volume,
we estimate that increased signal yields of order
10-100 could have been achieved easily by specific
design. These improvements alone, coupled with
state-of-the-art detectors, indicate that forbidden-
line monoenergetic-electron-impact studies are
now feasible for metastable species having an ex-
citation-cross-section to lifetime ratio, a/r,
greater than or equal to that of Hg(6'P, ) (=10 "
cm'/sec).

II. PRINCIPLES OF THE EXPERIMENT

The 6'P, and 6 Pp metastable states of Hg lie
5.460 and 4.667 eV' above the 6'Sp ground state,
and these states give rise to the 2269.8- and
2655.6-A forbidden lines when they radiatively
decay to the ground state. Many years ago,
Mrozowski" observed directly the hyperfine
structure of these lines and showed that the emis-
sion was due only to the two odd mercury iso-
topes 199 and 201 with nuclear spins & and 2 .
Since the even isotopes of Hg have no nuclear
spin, this observation is consistent with the angu-
lar momentum selection rule for electric dipole
transitions when hyperfine structure is considered
(bE = 0, + 1;0/- 0;E =J'+I). Subsequently, Gar
stang' performed refined calculations of the
electric dipole transition probabilities for both
of these forbidden lines which indicate lifetimes
for the 6 Pp 2 states of 5.56 and 6.6'7 sec, re-
spectively (for the terrestrial isotopic ratio), as-
suming this is the principal mode of decay.
Garstang' also calculated the magnetic quadrupole
transition probability for 6'P2 6 Sp and found it
to be a factor of 42 smaller than for electric di-
pole transitions. The 6'Pp-6'Sp transition is
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strictly forbidden via the magnetic quadrupole
decay mode.

The experimental arrangement employed to
study the forbidden-line emission is shown in Fig.
1. Mercury atoms in the ground state issued from
a thermal source through a multicapillary array,
and this beam passed through a current- regulated
electron beam. The electron beam was confined
spatially by a static magnetic field, and its energy
was reasonably well defined at the electron cur-
rent densities employed. The excited atom beam
formed at this point traveled a short distance to
the region where spontaneous beam emission was
detected in a direction perpendicular to the elec-
tron beam direction. The detector consisted of
collection and focusing lenses, a grating mono-
chromator, and a cooled photomultiplier tube.

Since it is well known that radiation from atoms
excited by electron impact is usually partially
polarized (electron energy dependent), we took
steps to minimize some possible effects on the
results. First, any polarization of excited atoms
at the point of excitation would have been reduced
during flight to the detection region due to collis-
ional depolarization. For example, considering
the self-depolarization cross section for Hg(6'P, )
along, ""and the experimental geometry and
conditions given below, any original polarization
had to be reduced by at least the factor ~0.7

(see Sec. III). Secondly, a plane polarizer was
introduced at the monochromator entrance slit
which was used to adjust the total detector polari-
zationfactor e" (X)/e'(X) to be —,

' (where ~( and &

on the detection efficiency factors & refer to the

electron beam direction) at each forbidden wave-

length X employed in these studies. Woolsey and

McConkey have shown" that this instrumental
polarization eliminates the need for polarization
corrections to emission intensity when electric
dipole radiation is viewed at 90' to the electron
beam direction. Of course, this does not con-
stitute perfect elimination of polarization effects
in our arrangement because of the moderately
large detection solid angle.

When the spontaneous beam emission at 2270 or
2656 A due to the 6 P2 or 6 Po state was examined,
count rates were very low (-0.1 counts/sec) when
narrow monochromator slits were used in order
to accurately verify the emission wavelengths
(EX=1.5 A). Much higher count rates (-1.0 counts/
sec) required for excitation function measurements
were achieved by the use of wide monochromator
slits and the introduction of a mercury absorption
cell before the monochromator (see Fig. 1). A
heated absorption cell (= 80'C; path length 2 cm)

0
was required in order to eliminate intense 2537-A
emission that could interfere with the forbidden-
line beam emission at 2656 A. The 2537-A emis-
sion was due principally to reaction (1): intramulti-
plet relaxation of Hg(6'P, ) atoms by molecular
constituents of the residual gas':

Hg(6'P, )+N2-Hg(6'P, )+ N,

Hg(6'S, )+hv,

where N, indicates vibronic excitation. The cell
was evacuated and outgassed before the mercury
was introduced and then sealed in order to eliminate
the possibility of 2656-A forbidden-line production
within the cell produced by 2537-A light being
absorbed and re- radiated by intramultiplet con-
version scheme (2):
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ELECTRON IMPACT EXCITATION OF Hg(6 P() 2 )

hv(2537 A)+ Hg(6'S, )-Hg(6'P, )

Hg(6'P, )+M- Hg(6'P, ) + M

Hg(6'S, )+hv(2656 A) . (2)

Hg(6'S, )+hv. (3)

The availability of radiative transition prob-
abilities for the Hg(6'P, ,) states greatly simpli-
fies measurement of relative electron impact
excitation cross sections. The forbidden-line
intensities I(X) corrected for detection efficiency
factors are related to the electron-energy- depen-
dent excitation cross sections v, (E) for the i = 0, 2

metastable states ('P„'P„respectively) in Eq.
(4):

I(2270 A) o'2(Z) A2

I (2656 A) o'o(E) &o

The A,. are radiative transition probabilities aver-
aged over the natural Hg isotopic mixture. Other
factors, such as ground-state mercury-atom den-
sity, effective volume detected, and electron
current density are experimental constants, and
therefore cancel in Eq. (4). Survival factors that
express the relative collisional loss for each of
the metastable states produced in traveling be-
tween the production and observation points, are
excluded from Eq. (4) because the maximum in-
tegrated attenuation for either beam must have
been less than 3% based on known 6 'P, , collisional
deactivation cross sections'~ ' for Hg and atmos-
pheric constituents of the 10 '- Torr vacuum. This
upper limit estimate is essentially due to the
state- changing, self- collisional deactivation pro-
cesses (Hg*+ Hg) of the type Hg('P, -'P, ,),
Hg('P, , -'S,) (Z a~=50 A', n„, s3 x 10" atoms/
cm') because the state-changing intermolecular
processes involving residual atmospheric gases

The resolution employed when measuring the Pp
excitation function was =120 A which excluded the
'P, - 'S, forbidden line.

The Hg(6'P, ) excitation function was also mea-
sured via quenching reaction (1) (here the ab-
sorption cell was cooled to liquid-nitrogen tempera;
ture to remove the Hg vapor). The 2537-A
emission was enhanced (200:1) by admission of
a nitrogen beam which intersected the excited
mercury beam in the viewing region. The 2537-A
radiation intensity was then measured as a func-
tion of bombarding electron energy. The contribu-
tion of 2537-A light from Hg('P, ) in the beam via
(3) was negligible since its rate is less than 10 ',
that of reaction (1)"due principally to rea.ction
endoergicity (0.2 eV):

Hg(6'P, )+N, -Hg(6'P, )+N,

(e.g. , Hg*+ N„O„H,O, etc.) have smaller sum-
med cross sections" "and the abundance of the
molecular constituents is very much smaller in
the 10 '- Torr vacuum. Also, the integrated beam
attenuation via radiative decay is much smaller
than tha, t due to collisional loss.

III. APPARATUS

The excited-atom source employed in these
studies differed from that previously described, '4

and it is sketched in Fig. 1. Electrons from a
heated length (hairpin shaped) of thoriated iridium
ribbon (20 x 2 mm) were accelerated to the anode
(= 0.5 mm away) through a potential of typically
20 V. The total emission current (temperature
limited) was regulated according to principles
previously discussed. " About 0.5/o of the anode
current passed into the excitation region where it
was decelerated to its final energy. The electron
current which intersected the atomic beam (n«
=3 x 10" atoms/cm', 4.0 mm from array) was
collected outside this carefully screened region at
a potential of 50 V. The excitation region was kept
small (length of sides 8 mm) in an attempt to de-
crease the space-charge depression. The source
was immersed in a static magnetic field (-80 G),
and the residual field in the optical observation
region (-5 G) was essentially parallel to that at
the point of excitation and at all points in between.

The possibility exists that reflected electrons
(i.e. , electrons reflected from the collector sur-
face which a,re constrained by the magnetic field
to motion back through the excitation region) could
affect the excitation function measurements. The
reflection coefficient is a function of the collector
surface and incident electron energy. Our collector
surface was stainless steel probably coated with

Hg, and its reflection coefficient was not mea-
sured; however, the electron energy at the collec-
tor was held fixed at 70 eV throughout the electron-
energy sweep range. Thus, the reflected electron
fraction was constant as a function of electron
bombardment energy in the screened region (see
Fig. 1) and would not affect the shape of the
separate excitation functions. Moreover, the
relative 'P, /'P, cross sections would be similarly
unaffected.

The two-chambered mercury oven was also tem-
perature regulated. The metastable beam was
previously shown to have a long-term stability of
+2% for the 'P, state (E =5.8 eV) for continuous
operation periods of 200 h after an initial 24-h
stabilization period. The metastable beam was
exposed to a transverse electric field (-18 V/cm)
before reaching the observation region in the un-
likely event of a long-lived (Hg )* beam component.
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The center of the observation region was lo-
cated 3 cm from the point of excitation, and the
light emitted was collected by an f /1 fused-silica
lens located a focal length away. The collected
light passed out of the vacuum through a fused-
silica window and a linear polarizer (Polacoat) and
was refocused (f/4) onto the grating monochroma-
tor entrance slit (Jarrel-Ash, 4 m, 3000-A
Blaze). Light from the grating was imaged onto
a small spot of the 9558 QB photomultiplier by a
fused- silica lens system. Photomultiplier dark
count (-1.9 counts/sec) was achieved by mag-
netic focusing at the photo cathode and by cooling
the tube to —20'C.

Excitation functions were accumulated on a
multiscaling system by linearly sweeping the
electron beam energy through the excitation po-
tential region of interest. The average potential
of each accumulation was simultaneously digitized
via voltage-to-frequency converters on both the
emission regulator and the sweep generator, and
automatically recorded. The electron beam cur-
rent was also digitized and integrated over each
observation time.

IV. RESULTS

A. Hg(6 Po 2) excitation functions

The excitation functions measured for 6 'P,
(voltage sweep rate 0.05 V/20 sec) and 6'P,
(0.1 V/600 sec) via intramultiplet relaxation and
spontaneous emission, respectively, are shown
in Fig. 2. For each, the electron current was
0.7 x 10 ' A (+ 3% throughout scanning range) for
an estimated current density of 15 x 10 ' A/cm'.
A constant background was subtracted from the
sum of 5 consecutive scans, and the error limits

shown are + 2 standard deviations.
The electron energy calibration was performed in

the following manner. Noticing that the measured
'P, excitation function agreed most closely with
that obtained by Borst' (see Fig. 3), our electron-
energy scale was adjusted for best fit between the
experjLments in the 5.7-eV region. This was
reasonable because his electron-energy resolution
(RPD technique) was superior to ours. If we had
established our scale by linear extrapolation of
the data to threshoM, the scale would have been
displaced about 0.15 V above that shown in Fig.
2. As a consequence, we esti.mate an electron-
energy resolution of order 0.25 eV (FWHM). 6'P,
excitation functions were also measured at in-
creased electron current densities, and the data
did not begin to show noticeable shift to higher
applied potential until the electron current was
increased beyond a factor of 3. From this we
conclude that the space-charge depression at the
excitation point was less than =0.1 eV for the
original data and that our energy scale was linear
throughout the sweep range shown.

B. Excitation cross-section ration, oz /00

The excitation cross-section ratio o,/o, at
E=5.75 eV (bE =0.25 eV) was deduced from spon-
taneous emission intensities, as discussed in
Sec. II.

The experimental procedure was as follows.
First, the instrumental polarization (polarizer
shown in Fig. 1 included) was set to be e' a, (A) = 2

for X either 2270 or 2656 A by rotating the linear
polarizer with polarized light incident on the
configuration at approximately these wavelengths.
The light source was No (A'Z'- 2C'll) radiation
centered at either 2265 A (v' = 0-v" = 0 band) or
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FIG. 2. Excitation func-
tions for the 6 Pp 2 states.
Photon counts in the peak
of each excitation function
have been normalized.
The electron-energy cali-
bration was set by compar-
ing the P2 excitation func-
tion with that of Borst (see
Fig. 3 and text). The energy
scale of the Pp measure-
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is estimated to be +0.10 eV.
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2717 A (v' = 0-v" = 4 band) produced in the near-
resonant crossed-beam excitation transfer re-
action, "

Hg(6'P, ) + NO(X'lI) -NO(A 'Z', v' = 0) + Hg(6'S, )

NO(X 11)+hv. (5)

The emission was assumed to be initially unpolar-
ized, and it was polarized parallel and perpen-
dicular to the electron beam direction using a

0

second linear polarizer. Since the 2656-A for-
bidden line lies about midway between the 0-3
(2590 A) and 0-4 bands of NO(A -X), the setup
polarization was checked at 2590 A and found to
agree with that setup at 2717 A within 10%%uo.

Second, with the correct monochromator
polarizer orientations know for the 6'P forbidden
lines, the light source polarizer was removed
and the relative intensities of the NO(A'Z',
v'=0-X'Il, v'=0, 3, 4) were observed (&A, =40 A).
Comparison of these intensities with the theo-
retical emission intensities of Zare et al. ,

"
which have been shown to be in excellent agree-
ment with experiment (&+ 10%),""yielded ac-
curate relative detection efficiencies. The in-
strumental efficiency for 2656-A line was linearly
extrapolated from the 0-3, 4 band efficiency
factors.

Third, the forbidden- line emission intensities
were accumulated. The signal-plus-background
and background counts were accumulated in eight,
one-hour runs for each forbidden line, when the
electron energy was adjusted to the 'P, excitation
function peak (E =5.75 eV).

The result appropriate to Eq. (4) is

I,(2270 A)
(6)

I o(2656 A)

This result could be renormalized to other
NO(A-X) emission intensities readily. "Using
the transition probabilities of Garstang, ' we con-
clude that

(E =5.75 eV) =9.11+0.73.
0'0

(7)

The error in the cross-section ratio (7) reflects
only the statistical uncertainties (+2 standard
deviations) in the detection efficiency factor and
forbidden- line intensity- ratio measurements.

V, DISCUSSION

A. Hg(63P2)

The most recent 6'P, excitation functions are
compared in Fig. 3. It is apparent that the re-
sults of Borst compare most favorably with this
work, even to the extent of a small structure lo-
cated in the vicinity of 7.5 eV. Although there is
significant discrepancy in the threshold region,
the difference can be attributed to our broader
electron- energy spread.

It is possible that the structure at 7.5 eV is a
contribution to the 6'P, state from an excited
autoionizing state of (Hg )*. The neutral state
that lies closest to this energy is the 7'S, (7.73 eV)
which eliminates a cascade contribution. A
small resonant-like structure around 7.5 eV has
been seen in the electron transmission experiments
of Burrow. " Evidence to support the general no-
tion of autoionization here comes from the work
of Fano and Cooper'~ and Hg(6'P, ) resonant
structure studies of Zapesochnyi and Shpenik"
and Ottley and Kleinpoppen. '

The interpretation above assumes that the elec-
tron-energy calibration of Borst (and therefore
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ours) is correct, i.e. , linear extrapolation of the
O'P, excitation function to 'P, threshold energy
(5.46+0. 1 eV). This procedure could be incorrect,
in part, if substantial contribution to the 6 P,
state were coming from the Hg ('D, &,) resonance
which has been classified by Heddle" to be the
5.50 eV resonance. The work of Burrow and
Michejda" indicates a broad resonance at ap-
proximately that energy which might have been in-
distinguishable from the nonresonant contribution
to O'P, even at the energy resolution of Borst.
If Borst's energy scale were recalibrated to allow
for this possibility and if his error limits for
linear extrapolation are considered (a 0.1 eV),
then the structure around 7.5 eV (Fig. 8) would
almost correspond to the energy of 7'8, . The
interpretation that eliminated the possibility of a
7'S,- 6'P cascade would then not be strong.

The excitation function of Korotkov and
Prilezhaeva deduced from their superelastic
scattering measurements is about a factor of
2 (FWHM) more narrow than the measurements
previously discussed. Also, no evidence of a weak
structure near 7.5 eV is visible in their data.

Recent calculations of the Hg(6'P, ) excitation
function have been reported'"" and compared to
measurements. ""Since the calculation of
Moiseiwitsch and McConnell" has not been com-
pared to experiment previously, it is shown in

Fig. 3. In general agreement with other theo-
retical work noted, the calculation of Moiseiwitsch
and McConnell disagrees with all measurements
near threshold but parallels the measurements
beyond about 6.5 eV. This lack of agreement
might be attributable to a substantial broad resp-
nant contribution to Hg(6'P, ) near threshold, as
discussed above.

B. Hg(63PO)

Experimental and theoretical excitation func-
tions for O'Po are compared in Fig. 4. The
principal discrepancy in the measurements is
width. Our excitation function is about a factor
of 2 (FWHM) broader than that of Korotkov, and
this discrepancy was also noted in the Hg(6'p, )
comparison. The superelastic scattering tech-
nique does not appear to yield detailed features
of Hg(6'P, ,) excitation functions with great
fidelity, but there is consistency in its short-
coming.

Detailed features in the measurements are also
in disagreement. Korotkov found two distinct peaks
in the excitation function (F. =4.8, 5.15 eV). We
observed two barely resolvable structures
(E =4.8, 5.2 eV) in the near-threshold region. The
electron-energy spread in both studies was com-
parable.

Originally, we believed our measurement to be
structureless. But the 4.8- eV peak was repeated
in more than 80% of the trials. Additional data at
higher current density (greater electron-energy
spread) revealed only a shoulder in the vicinity of
4.8 eV. Assuming our 4.8-eV structure is not an
artifact and that the electron-energy calibration
is essentially correct, then it is likely that the
low-lying structure found by Korotkov has been
verified. As suggested by Heddle, "this peak
could be the Hg (~P,i,) resonant contribution
(4.68 eV) to Hg(6'P, ). However, if our electron
energy calibration were erroneously low as dis-
cussed in Sec. VA, then our 4.8-eV structure in
Fig. 4 closely matches the location of the Hg ('D, ~,)
resonance located at 4.91.' It is also possible,
parallel to the Hg(6'P, ) discussion, that the broad
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FIG. 4. Experimental and
theoretical excitation func-
tions for Hg(6 Po). The ex-
perimental results in the
vicinity of 5.2 eV have been
normalized to the theoreti
cal peak value. Data of Fig.
2 are shown.
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Hg ('D, &,) resonance could have gone unresolved in
the vicinity of 5.50 eP. Clearly, the 6'Pp ex-
citation function will have to be investigated in the
near-threshold region at much higher electron-
energy resolution if the uncertainties discussed
above are to be resol. ved.

'The weak structure in the 'P, excitation function
at 7.5 eV is certainly not obvious in the 'P,
excitation function; however, the data here are
of poorer quality. The peak in the vicinity of
8.3 eV could be cascade or resonant contributions.
Studies of Hg(6 'P, ) excitation" also reveal
structure in this vicinity.

Our 'P, , measurements could not be extended
to higher energies because very intense optical
emission was observed beyond 8.5 eV. The
origin of this light was probably radiative decay
(2500& X & 2800 A) of numerous excited states of
Hg resulting from the intermultiplet quenching of
high-lying metastable states of Hg (by collision
with residual gas), such as the well-known
Hg(5d'6s'6P, 'D, ) state (8.785 eV). '

C. Cross-section ratio, 0'2/60

The ratio of cross sections for the 'P, , states
has been measured at an electron energy cor-
responding to the peak of the 'P, excitation func-
tion (E =5.8 eV). The accuracy of the ratio result
[Eq. (7)] is probably limited by the accuracy of
Garstang's forbidden- line transition probabilities
(i.e. , A, /Ao) since the error introduced by assuming
theoretical emission intensities of NO(A-X) in the
relative detection efficiency measurements must
be small. " Also, the magnetic field ( 5 6) in our
observation zone probably affected the atomic
transition probabilities in only a minor way. "

The matrix elements of the forbidden- line
transitions computed which included "relativistic
corrections, should be reasonably reliable; the
neglect of configuration interaction is their major
source of uncertainty. "' Accuracy of the ratio,
A, /A, is probably better than the accuracy of A,
or A, alone (+20Vo) because about half of the un-
certainty in the A; reflects the experimental. un=.

certainty in A, (6'P, -6'So) to which A, and A,
are normalized. " Note also that the calculation
of A p by Bigeon" agree s with that of Ga rstang with-
in 6/o. Pessimistic accuracy limits attained by
the measurements and calculations are + 30%.

An updated cross-section ratio [Eq. (7)] could be
derived by the use of higher-accuracy forbidden-
line transition probabilities with the Eq (.6) result
via Eq. (4).

Of interest is the ratio of cross sections (o,/o, )~
at the peak of each excitation frunction ['P„
E = 5.8; 'P„E= 5.2 (see Figs. 3 and 4)]. Based
on our 'P, excitation function the result. of this
work is (o,/o, )~= 5.2. Assuming the most extreme
accuracy limits discussed above, this result is
not in disagreement with the peak cross section
ratio of Korotkov, = 6.V (o2~ —=2.8 x 10 "cm',
oo~ = 0.42 && 10 "cm').

When our direct ratio result at the peak of the
6'P, states (o', /o, = 9.11) is compared to that of
Korotkov, a, /v, -= 22 (E —= 5.8 eV, o, = 2.8 && 10 "
cm', oo = 0.13 x 10 "cm'), then the results are
certainly in disagreement. We noted previously
(Sec. V B) difficulty of measuring excitation
functions via their superelastic scattering tech-
nique, and the above result reaffirms the state-
ment since the above comparison depends only on
the excitation function of Korotkov and not our
own (equivalent electron-energy spread). Evi-
dently, the technique of Korotkov applied to
Hg(6'P, ,) produced credible peak absolute cross
sections (neglecting the 4.8 eV structure) but
again not detailed shapes of the excitation func-
tions. The peak absolute cross sections of
Korotkov and Horst for O'P, are in good agree-
ment.

Our peak cross section ratio, (o,/o, )~=5.2,
can be compared to the theoretical work. For
Savchenko" and McConnell and Moiseiwitsch, "
these results are about 3.2 and 3.5, respectively.
Theoretical and experimental disagreement of the
ratios is not surprising considering the excitation
function discrepancies near threshold previously
noted. Aside from possible effects resulting from
neglect of resonant contributions to the O'P, ,
states in the calculations, the theoretical and ex-
perimental disagreements are not understood.
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