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Total cross sections (Qr's) have been measured for I —500-eV positrons and electrons scattered by

02, CH4, and SF6 using a beam-transmission technique. The positron Qr s are compared with the
corresponding electron Qr's for each target gas. It is found that the positron Qr's are, in general,
lower than the electron results. There are no prominent structures observed for positron scattering
at low energies that would be comparable to the narrow shape resonances observed for electrons
scattering from various molecules, such as SF6. The positron Qr curve for CH4 reveals a significant

increase in the vicinity of its positronium formation threshold, while the 02 and SF6 curves are
monotonically increasing in this vicinity. At the highest energies investigated, there are indications
of a tendency toward merging of the positron and electron Qr s for these gases. Interesting similari-

ties are found in a comparison of the present positron and electron Qr curves for CH4 with prior
comparison measurements for argon.

I. INTRODUCTION

This paper is part of a continuing study' which aims to
measure the total cross sections (Qr's) of positrons and
electrons scattered by room-temperature gases. Total-
cross-section measurements for electrons scattering from
molecules are of importance in a variety of applications,
such as gaseous electronics (e.g., discharges and dielec-
trics), plasma physics, and investigations of planetary at-
mospheres. Measurements of QT's for positrons and elec-
trons scattered by the same molecules, when compared
with each other and with theoretical calculations, may
also help lead to a better understanding of the fundamen-
tal interaction mechanisms contributing to electron
scattering. This approach has been adopted by our group
where positron and electron Qr's are measured in the
same apparatus under nearly identical conditions, and
meaningful comparisons of the scattering for these parti-
cles can be made. Although positrons and electrons
differ only by the sign of their electric charge, there are
interesting differences in their interaction with atoms and
molecules. The static and polarization potentials are
both attractive for electrons, while for positrons the static
interaction changes sign so as to result in an overall
weaker interaction for positron s than for electrons.
There is also no exchange interaction for positrons as
there is for electrons. An inelastic channel that is only
open for positrons is that of positronium formation. At
sufficiently high energies the static interaction becomes
the only significant interaction for both projectiles, with
the result being that the corresponding positron and elec-
tron QT's eventually will be expected to merge. There
are other, more subtle, differences between the scattering
of positrons and electrons by molecules. For example, it
is not clear whether there are effects which would pro-
duce resonances in positron scattering, although shape

resonances are prominent in many low-energy electron
QT's and are understood to be due to the formation of
virtual negative ions. In this paper we present measure-
ments of Qr's for positrons and electrons scattered by 02,
CH4, and SF6. The projectile energy range is 1-500 eV,
except for the e -02 system, where a different electron
source was used and the lower-energy limit was 5 eV. It
is to be noted that preliminary reports of this work have
been made elsewhere.

II. EXPERIMENTAL METHOD

The experimental apparatus, procedure and error
analysis have been described in detail elsewhere. '

Briefly, a monochromatic beam of slow positrons (energy
width &0.1 eV) is extracted from an "C source, which is
produced by bombarding an "B target with a 4.75-MeV
proton beam from a Van de Graaff accelerator. Total
cross sections are deduced from the expression

—nLQTI =Ioe

where Io is the detected beam intensity without gas in the
scattering region, I is the detected beam intensity with
gas of number density n in the scattering region, and L is
the beam path length through the scattering region. For
electron work, a thermionic electron source (Philips
cathode) replaces the positron source. Since it was found
that small amounts of molecular oxygen in the source
chamber enhance the electron emission of the Philips
cathode, a heated tungsten wire was used as the electron
source for the e -02 measuremepts, and the source
chamber was maintained at a constant pressure of 02, re-
gardless of whether gas was or was not in the scattering
region, which enabled the tungsten 61ament to produce a
stable primary beam intensity. The lowest electron ener-
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gy attained using this modified electron source was 5.1 eV
with an energy width of about 0.15 eV, which was corn-
parable to the electron energy width obtained with the
Philips cathode. The energies of the projectile beams
were determined by the voltage applied to the source, and
the absolute energies were established using the retarding
potential technique. This technique was also checked by
observing the cross-section resonance at 19.3 eV for elec-
trons colliding with helium. In the 5 —30 eV energy
range, in which we observed resonances for the e -SF6
total cross sections, we estimate that the uncertainty as-
sociated with our assigned projectile energies was +0.2
eV.

The estimated errors in the present QT measurements,
determined in the same manner as described earlier, are
listed in Table I with the "experimental errors"
representing the combining in quadrature of statistical er-
rors and the estimated errors associated with measure-
ments of the projectile beam currents, the target-gas
number density, and the projectile path length through
the scattering region, while the "maximum errors" result
from a simple addition of each individual error com-
ponent. It is to be noted that the errors for the positron
and electron comparison Qr measurements are smaller
than those for the absolute QT measurements for the
same target gas because several of the individual error
components equally affect the positron and electron mea-
surements. In addition, a standard procedure in every
data run is to measure the Qr's with different target-gas
densities to ensure that the results are not pressure
dependent, as is shown in Fig. 1.

It should be noted that the error estimates discussed
above do not include a potential source of error arising
from the incomplete discrimination of projectiles scat-
tered at small forward angles, which would result in the
measured QT values being lower than the actual values.
Independently, a retarding element and a small exit aper-
ture from the scattering region provide for discrimination
against small-angle scattering. The retarding element is
effective in discriminating against projectiles which have
suffered an energy loss of more than a few tenths of an
eV. As a result, the discrimination against electronic ex-

TABLE I. Estimated percentage errors for the present abso-
lute and e+' comparison total-cross-section measurements.
The "experimental errors" are shown outside the parentheses
while the "maximum errors" are enclosed by parentheses. Note
that the estimated errors do not include the errors associated
with incomplete discrimination against small forward angle
scattering.

III. RESULTS AND DISCUSSION

The present measured total cross sections and associat-
ed statistical uncertainties are listed in Table III.

A. Molecular oxygen

The present QT results for low- and intermediate-
energy positrons scattered by molecular oxygen are
shown in Figs. 2 and 3, respectively, along with prior
measurements. The present data indicate a Qz curve
that increases smoothly from the lowest energy through
the positronium formation threshold (5.3 eV}, with no
significant change in slope, to a broad maximum at
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citation, ionization, and positronium formation should be
complete, while the discrimination against rotational and
vibrational excitation, and elastic scattering may be in-
complete. Following the method of analysis used earlier,
the estimated discrimination angles for the present mea-
surements for elastic scattering have been determined and
are listed in Table II. The smaller of the two angles listed
for each energy represents the upper limit on the estimat-
ed angular discrimination. With the estimated discrim-
ination angles given in Table II and detailed elastic
differential cross sections, where available, it would be
possible to estimate the magnitude of the errors in the
measured QT values due to this effect if there were no in-

elastic scattering present. In the case of rotational and
vibrational excitation the angular discrimination would
be better than that for elastic scattering due to the small,
but finite, inelastic energy loss and the effect of the re-
tarding element.
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FIG. 1. Measured total cross sections vs attenuation ratios
I/Io for various projectile-target combinations. The right-hand
column indicates the projectile ("+ " for positrons and "—"for
electrons), target gas, and projectile energy in eV. The bars
represent one standard deviation of the measured cross sections
except when they are encompassed by the dots or triangles.
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TABLE II. Estimated discrimination angles in degrees calculated for the retarding potential pro-
cedure and for effects due to exit aperture size. The labeling for the retarding potential effect is R and
for the exit aperture size is indicated by A.

E (eV)

5

10
20
50

100
300
500

e+
A, R

21,31
30,26

16,23
15,19
18,9
7, 11
8, 14

e
A, R

5,28
4, 16

5,10
4,5
4,7
6,6
6,3

e+
A, R

18,35
17,21

16,18
17,16
13,10
15,11
8,11

CH4
e
A, R

5,8
5,10

5,8
5,5
4,4
5,6
4,4

e+
A, R

21,22
17,23

18,20
18,15
17,13
13,7
8,14

SF6
e
A, R

6,13
5,9
5,8
3,6
5,5
5,4
5,5

around 30 eV. This behavior is quite unique because it is
the first room-temperature gas studied in this laboratory
for which the total cross section does not have an appre-
ciable change in slope in the vicinity of the positronium
formation threshold. Also, because of our lower-energy
limit (0.75 eV), it was not possible to observe if there is an
indication of a sharp increase in the cross section toward
lowest energies, as has been observed for all other gases
studied in this laboratory. " ' In general, the present
e+-02 results are in fair agreement with those of Charl-
ton et al. in the 2-20 eV region and with Charlton
et al. in the 20—500 eV range. However, the results of
Charlton et al. are consistently higher than our results
for energies below 100 eV and consistently lower for ener-
gies above 200 eV. This is noteworthy, since this sys-
tematical discrepancy is not limited to the present e -02
measurements (see below). Charlton et al. also found
statistically significant structures in their Qr measure-
ments between 8 and 13 eV, which they thought may be
due to electronic excitation or possibly e+-02 compound
state formation. The present experiment is unable to
confirm this feature, although it might be found within
the statistical uncertainties. Due to the lack of pertinent
information on the elastic differential cross sections for
e+-02, no error estimate can be made on our e+-02 Qz.
data associated with the effects of finite angular discrim-
ination of the apparatus.

The present intermediate- and low-energy rneasure-
ments of e -02 total scattering cross sections are shown
in Figs. 3 and 4, respectively, together with other mea-
surements. ' Comparing our low-energy results (Fig.
4) with other measurements, the present e -02 results
agree fairly well with those of Sunshine et al. " and Zec-
ca et al. ' below 10 eV, while they are, respectively, 20%
and 10% lower than our results above 12 eV. Our results
agree well in the shape of the curve with those of Griffith
et al. , with their results being about 12% lower than the
present measurements over all energies of overlap. The
elastic cross sections of Shyn and Sharp' are higher
below 10 eV and lower above 10 eV than our results. The
present results are about 20% higher than those of
Bruche' and Salop and Nakano' above 12 eV due to a
noticeable decrease in their measured cross sections at
this energy. In the intermediate-energy range (Fig. 3),

the e -02 total cross sections display a smoothly declin-

ing curve. Between 20 and 100 eV, our results are appre-
ciably higher than the measurements of Sunshine et al. "
and are, in general, higher than the results of Zecca
et al. ,

' except at 100 eV where they agree well with our
results. Above 100 eV, the present measurements agree
remarkably well with those of Dalba et al. '~ For the
sake of clarity in Fig. 3, the intermediate-energy elastic
integral cross-section measurements of Shyn and Sharp'
and calculations of Wedde and Strand' and Khare and
Raj' are not shown, with their respective results at inter-
mediate energies for elastic integral cross sections being
about 20% lower than the present measurements. Also
in Fig. 3, the e -02 and e+-02 total cross sections are
compared For a.ll the energies studied, the electron Qz.
values are higher than the positron results, with both
curves exhibiting maxima in the 20-30 eV region, and the
two cross-section curves approaching each other at the
highest energies. At 500 eV, the e -Oz Qr is still 25%
higher than the e+-Oz Qr.

To estimate the amount by which the present e -02
Qr results may be low due to incomplete discrimination
against small-angle scattering, the elastic angular distri-
bution measurements of Shyn and Sharp, ' and Brom-
berg, ' and the calculated differential cross sections of
Khare and Raj' along with the estimated discrimination
angles in Table II are used. The estimated errors due to
this effect for electron energies of 15 and 500 eV are 2%
and 3%, respectively.

B. Methane

Much attention has been devoted in the last few years
to the scattering of positrons and electrons by methane,
since this molecule has been found to be an important
component in the atmosphere of some of the outer pla-
nets and their satellites.

The present e+-CH4 Qr results are shown in Figs. 5

and 6 along with prior measurements of Charlton
et al. , ' Floeder et al. ,

' and Sueoka and Mori, and
the recent calculations of Jain. ' The present results
show a substantial increase in the cross section below 2
eV and at the positronium formation threshold (6.2 eV)
with a minimum occurring at about 5 eV. A maximum is
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TABLE III. Results of measured total cross sections and statistical uncertainties (in units of 10
cm ) for e+' -02, CH4, and SF6

E (eV)

0.75
1.0
1.4
1.9
2.8
3.5
4.5
4.9
5.4
5.9
6.5
6.8
7.2
7.9
8.2
8.9
9.4
9.9

10.4
10.9
11.4
12.0
12.4
12.8
13.5
14.0
15.0
16.1
16.9
18.4
19.0
21.2
21.9
22.6
24. 1

25.1

28.3
30.2
40.1

50.1

60.4
70.1

80.3
90.3

100
150
200
300
400
500
600

Qr (e+-&z)

1.5 +0.05
1.9 +0.07
1.9 +0.15
2.0 +0. 1

2.4 +0. 1

2.7 +0. 1

3.0 +0. 1

3.0 +0. 1

3.1 +0.15
3.6 %0. 1

3.8 +0.15
3.9 20. 1

4.0 +0. 1

4.2 +0. 1

4.4 +0. 1

4.7 +0. 1

4.6 +0. 1

4.8 +0. 1

4.9 +0. 1

5.0 %0. 1

5.2 %0. 1

5.5 +0.15
5.3 %0. 1

5.5 +0.15
5.6 +0. 1

5.2 +0.15
5.7 +0.15
5.8 20. 15
5.9 %0. 1

6.2 20. 1

6.0 +0.2
6.3 +0. 1

6.2 +0.15
6.6 +0.2
6.7 +0.2
6.5 +0. 1

6.8 %0.2
6.6 +0. 1

6.4 20. 1

6.5 20. 1

6.3 +0. 1

6.3 +0. 1

6.1 %0. 1

5.8 +0. 1

5.5 20. 1

4.8 +0. 1

4.5 +0. 1

3.66+0.05
3.18+0.07
2.78+0.05
2.49+0.04

E (eV)

5.2
6.7
9.3

10.5
11.7
13.1
14.2
15.3
16.5
18.1
19.0
20.1

21.5
23.0
23.8
24.8
26.3
28.0
28.8
30.4
31.3
33.2
35.0
36.4
38.4
40.2
43.0
45.5
46.4
47.7
48.9
51.1
55.0
60.7
65.7
69.8
72.4
76.2
81.0
87.9
92.7
96.1

102.7
113
127
153
200
300
400
500

Qr (e -0&)

8.6+0.15
8.8+0. 1

10.8+0. 1

10.8+0. 1

11.820.2
12.120.2
11.7+0.2
11.6+0.2
11.920.2
11.9%0.1

11.9+0.3
12.220. 1

11.7+0. 1

12.3+0. 1

11.8+0. 1

12.2+0.2
12.5+0. 1

11.8+0.2
12.2+0. 1

11.8%0. 1

12.0+0. 1

12.0+0.3
12.1+0.2
12.2+0.2
12.0+0.3
11.7%0.2
11.7%0.2
11.220.2
11.5+0.2
10.720. 1

11.5+0.2
12.1+0.3
10.7+0.2
11.1+0.2
10.3%0.4
10.7+0. 1

10.2%0. 1

9.9+0.1

9.2%0.2
9.320. 15
9.0+0. 1

8.9+0.1

9.020. 1

8.320. 1

8.0+0. 1

7.2%0. 1

6.5+0. 1

4.9+0.1

4.3+0.1

3.5+0. 1

E (eV)

1.0
1.42
1.92
2.7
3.4
3.8
4.3
4.9
5.2
5.6
5.9
6.6
7.1

7.8
8.9
9.8

11.0
12.0
13.3
14.2
15.2
16.1
17.6
18.0
20.1

22.0
23.5
24.5
25.4
26.6
27.3
29.4
30
40
50
60
75

100
150
200
300
400
450
500

Qr (e+-CH4)

8.1+0.5
6.8+0.3
5.3+0.4
5.4+0.2
5.120.3
4.8+0.2
4.8+0.2
4.6%0.2
4.9+0.2
5.1+0.2
4.7+0.2
5.4+0.2
5.4+0.2
6.7+0.2
7.5+0.2
8.3+0.2
8.7+0.3
9.1+0.4
9.5+0.3
9.5+0.3
9.6+0.2
9.7+0.2
9.7+0.3

10.120.3
10.1+0.3
10.1+0.2
10.5+0.2
10.5+0.2
10.7%0.2
10.9+0.2
10.3+0.3
10.5+0.2
10.6+0.2
10.1+0.2
9.8+0.2
9.4+0. 1

8.6+0, 1

7.7+0. 1

6.3+0.1

5.4+0. 1

4.0+0. 1

3.4+0.2
3.020. 1

2.6+0.2

E (eV)

1.44
1.8
2.6
3.5
4.1

Qr (e -CH4)

3.9+0.1

5.3+0. 1

8.3+0. 1

12.5+0.2
14.3+0.2

E (eV)

1.0
1.4
1.9
2.4
3.2

Qr (e+-SF6)

14.2+0.3
11.6+0.3
11.5+0.4
10.8+0.4
11.1+0.3

E (eV)

0.98
1.4
1.44
1.9
2.3

Qr (e -SF6)

22.9+0.3
22.4+0.2
23.3+0.15
23.5+0.2
24.1+0.2
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TABLE III. (Continued).

E (cv)

4.5
4.9
5.7.
6.4
7.8
8.1

9.8
11.9
14.6
19.45
24.5
29.25
34.7
39.3
44.7
49.6

100
200
300
400
500

gr &e -CH4)

17.2+0. 1

18.4+0.2
23.0+0.3
25.3+0.3
28.1+0.2
28.4+0.5

27.2+0.2
25.3+0.2
23.9+0.2
19.5%0.3
17.6+0.2
16.2+0.2
15.2+0.2
14.5+0.2
13.6%0.2
12.7+0.2
9.1+0.2
6.2+0. 1

4.6+0. 1

3.7+0. 1

3.1+0.1

z (cv)

4.2
49
5.5
6.2
7.1

8.0
9.1

10.2
11.0
11.7
13.0
14.2
15.0
16.1
18.3
20.2
21.9
24.8
29.9
40.1

49.8
75

100
150
200
300
400
450
500

Qr (e+-SF6)

11.1+0.2
10.7+0.2
10.6%0.15
11.1+0.2
10.9+0.2
11.4+0. 1

11.4+0.3
11.7+0.2
11.9+0.3
12.4+0.2
13.0+0.3
13.4+0. 1

13.4+0.3
13.8+0.2
14.3+0.2
14.3+0.3
14.9+0.2
14.9+0.2
14.9+0.2
15.0+0.2
14.8+0.2
14.7+0.2
13.9+0.2
12.7+0.3
12.2+0.2
10.5+0.2
8.7+0.3
8.5+0. 1

7.8+0. 1

E (cv)

2.8
3.7
4.2
4.7
5.1

5.7
6.2
6.7
7.3
7.5
7.7
8.7
9.7

10.7
11.2
11.7
11.9
12.1
12.7
13.2
14.5
16.5
19.6
24.6
27.2
30.0
39.8
41.6
45.7
49.6
54.8
56.5
59.6
67.5
74.5
79.6
84.7
89.4
94.7
99.2

125
150
175
200
250
300
400
500

Qz (e -SF6)

23.7+0. 1

22.9+0.2
22.3+0.2
23.2+0.5
24.1+0.2
27.7+0.2
28.1+0.3
31.5+0.5
29.7+0.4
29.9%0.3
29.9+0.3
28.0+0.15
27.1+0.2
28.0+0.2
30.8+0.2
32.8+0.2
33.5+0.2
32.1+0.3
28.5+0. 1

26.7+0.2
26.2+0.2
25.9%0.1

26.9+0.1

29.0+0.2
28.1+0.3
29.1+0.3
28.4+0.2
28.8+0.2
28.9+0.2
28.4+0.3
28.9+0.2
29.0+0.2
28.0+0.3
27.0+0.4
26.0+0.3
25.8+0.3
25.2+0.3
24.4+0.3
25.4%0.3
24.3+0.3
22.7+0.3
20.6+0.3
19.120.2
18.2+0. 1

16.4+0. 1

14.6+0. 1

13.5+0. 1

11.6+0. 1

observed in Qz at about 25 eV and a steady decrease to-
ward higher energies. Our results are in good agreement
with those of Sueoka and Mori. The present results vary
between being higher, lower, and in good agreement with
the measurements of Charlton et al. and the calculations
of Jain at various energies of overlap. The measurements
by Floeder et al. are higher than the present measure-
ments below 20 eV and in good agreement above 20 eV.

Figure 7 shows our measurements of low-energy
e -CH4 QT's along with prior measurements' '
and theoretical calculations. ' We should indicate
that, for the sake of clarity, below 2 eV we only present

the recent measurements of Lohman and Buckman,
which show a Ramsauer minimum at about 0.4 eV.
Their results are in good agreement with the pioneering
measurements of Rarnsauer and Kollath. Our results
show a steady increase of Qz with increasing energy
where it peaks at about 8 eV, and then start decreasing
with increasing energy. Below 6 eV, our results are in
good agreement with the measurements of Sueoka and
Mori, Jones, and Lohman and Buckman. From 6 to
20 eV our results are higher than all others shown, but
are closest to the same prior measurements, ' ' and
the calculations of Jain.
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FIG. 2. Low-energy e+-02 total cross sections. The present results are shown along with the measurements of Charlton et al.
(Ref. 7), Charlton ef al. (Ref. 8), and Coleman et al. (Ref. 6). The positronium formation threshold is indicated by the arrow.

Intermediate-energy e +CH4 Qz results are present-
ed in Fig. 8 along with other measurements' ' ' and a
calculation. The results show a continuous decrease in
the cross section with increasing energy. Although our
results are in fair agreement in the shape of the curve
with the other Qz measurements' and the calcula-
tion, ~ the general trend is that our results are 2—20%
higher than their results at all energies except for the cal-
culations of Jain above 200 eV where his results are
slightly ( & 10%}higher than the present results. The re-
sults obtained from the elastic and excitation differential
cross-section measurements of Vuskovic and Trajmar
average 25% lower than our results.

Both e +CH4 and e++CH4 Qz's are shown in Fig. 9
for the purpose of comparison. The positron QT's are
everywhere lower than the electron results except at very
low energies. The positron curve peaks at a higher ener-

gy (about 25 eV} than is found for electrons (about 8 eV).
The cross section then starts decreasing with increasing
energy, with a sharper decrease observed for electrons
where the difference in the electron and positron cross
sections gets smaller and becomes less than 15% above
100 eV.

Estimates of the amount of error due to the 6nite angu-
lar discrimination of our apparatus are made using the
discrimination angles listed in Table II together with the
theoretical differential elastic cross sections of Jain
and the rotationally surnrned elastic differential cross sec-
tions of Abusalbi et al. ' For the e+-CH~ Qz's, we esti-
mate that our present results at 25 and 500 eV may be
low by 1% and 12%, respectively, and for e -CH4 Q&'s
at 10 and 500 eV, the respective errors amount to 2%
and 5%.

Another interesting aspect regarding the scattering of
positrons and electrons by methane is its similarity with
argon. Methane has a high degree of syrnrnetry with a
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FIG. 3. Comparison of e+- and e -02 total cross sections up
to intermediate energies. The positron data are shown along
with the measurements of Charlton et al. (Ref. 7) and Coleman
et al. (Ref. 6). The present electron measurements are shown
along with the measurements of Sunshine et al. (Ref. 11),Dalba
et al. (Ref. 14), and Zecca et al. (Ref. 15). The solid curves are
intended to guide the eye through the present measurements.
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500
closed-shell structure, and zero permanent dipole and
quadrupole moments. Massey et al. have commented
that, taking into account the highly symmetric average
field in which the electrons move in methane, close simi-
larities in the behavior to argon would be expected for
electrons less than 20 eV. More recently, Tanaka et al.
have found interesting similarities in the shape and mag-
nitude of the elastic differential cross sections of
e +CH4 and e +Ar at energies &10 eV. It is there-
fore not surprising to find similarities in the e -CH4 and
e -Ar total cross sections. Indeed, comparing Figs. 7
and 9 with Fig. 2 of Ref. 33 and Fig. 5 of Ref. 4, we find
that both the e -CH& and e -Ar QT curves have unusu-

ally low Ramsauer-Townsend minima below 1 eV and
rise rapidly toward higher energies, forming broad maxi-
ma at 8 and 13 eV for CH4 and Ar, respectively. The
minima at low energies are so low that the e QT's fall
well below the corresponding e+ QT's at these energies
for both gases. The same situation prevails in the com-
parison of the e+ QT's (Figs. 5 and 9 versus Fig. 3 of Ref.
33 and Fig. 5 of Ref. 4}. Except for the shallow
Ramsauer-Townsend minimum for Ar, both curves rise
rapidly toward lower energies, have broad minima below
the respective positroniurn formation thresholds, and in-
crease rapidly above these thresholds, eventually reach-
ing a peak at about 25 eV for CH4 and 40 eV for Ar.

0O
I

k(l/bohr}

4 C. Sulfur hexa8uoride

FIG. 8. Intermediate-energy e -CH4 total cross sections.
The present results are shown along with the measurements of
Floeder et al. (Ref. 19), Sueoka and Mori (Ref. 20), and Vusko-
vic and Trajmar (elastic and excitation, Ref. 29), and the
theoretical calculations of Jain (Ref. 27).

There is a considerable amount of experimental and
theoretical work in the literature on the e -SF6 system,
including photoionization cross sections, x-ray absorp-
tion, emission, and electron scattering measurements. Of
special interest is electron attachment in SF6 due to its
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FIG. 9. Comparison of the present e+- and e -CH4 total-
cross-section measurements. The dotted curves represent our
lower-energy results, while the solid line is drawn through our
higher-energy results.
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FIG. 10. Low-energy e+-SF6 total cross sections. The posi-
tronium formation threshold is indicated by the arrow.

ability to attach electrons at very low energies. This
property is the physical basis for the application of SF6 as
a gas dielectric. The situation is quite different for the
scattering of positrons by SF6. There is no experimental
or theoretical work presently known for this system.

The present low- and intermediate-energy e+-SF6 QT
results are shown in Figs. 10 and 11, respectively. The
total cross sections increase rapidly below 2 eV toward
lower energies and above 7 eV toward higher energies
with a broad minimum at about 5 eV. While it is reason-
able to attribute the rise of the Qz 's between 6 and 20 eV
to inelastic scattering, our data do not seem to show an
abrupt increase at the positronium formation threshold

(8.4 eV), indicating that other inelastic processes (e.g.,
target excitation) may contribute to the Qz increases at
these energies. The total cross sections reach a maximum
at around 25 eV and decline steadily toward higher ener-
gies (Fig. 11).

Contrary to the rather smooth Qz curve for e+-SF6,
the QT's for electrons scattered by the same gas show a
series of very distinct resonance peaks in the 1-30 eV en-

ergy range. This is shown in Figs. 11 and 12 along with
the measurements of Kennerly et al. , Rohr, Ferch
et al. , and the theoretical work of Dehmer et al.
The present measurements find resonances at 2.3, 6.7,
and 11.9 eV with cross sections of 24. 1+0.2, 31.5+0.5,
and 33.5+0.2 A, respectively. These correspond to the
a&, t&z, and t2 orbital assignments of Dehmer et al.

40
CP

EO

l
O 55—

O

~ This Experiment
Kennerly ( l979)—Dehrner ( i 978)
Rohr ( l979)
~erich (i982)

~ ~ ~

O SF6
~ ~

~ ~
b ~ ~

C7

20 I I I lI I ~ll I

l 0 20 30
l

l
f 1

l
I

50 80 io0

Electron Energy (eV}

FIG. 12. Low-energy e -SF6 total cross sections. The
present results are shown along with the measurements of
Kennerly et al. (Ref. 35), Rohr (Ref. 36), and Ferch et al. (Ref.
37), and the theoretical results of Dehmer et al. (Ref. 38).
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There is good agreement with the results of Kennerly
et al. in regards to the energies of these resonances, but
the present results are approximately 7% higher at the
peaks. We note also that the experimental results of the
lower-energy resonances (a &s, t

&s ) show substantially
broader peaks than the sharp and strong resonances pre-
dicted by Dehmer et al. In addition, both Kennerly
et al. and this experiment fail to show the e resonance
predicted by Dehmer et al. in the 27-eV region. For en-
ergies above 20 eV, the present results remain a few per-
cent higher than those of Kennerly et al. , although they
have similar shape. A comparison of the e+-SF6 and
e -SF6 total cross sections (Fig. 11) shows that the e
QT's are higher than the e+ QT's at all the energies of
comparison, with there being an indication of a tendency
toward merging of the e+ and e QT curves at the
higher energies.

There is not suScient information on the elastic and
inelastic differential cross sections for the e+' -SF6 sys-
tem to allow us to estimate the errors of the present QT
results associated with the incomplete discrimination
against small-angle scattering. Absolute elastic
differential cross sections for e -SF6 in the angular range
of 20'—135 is reported by Srivastava et al. , but these
measurements do not extend to smaller angles.
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