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Total scattering cross sections have been measured for 0.3-31 eV positrons colliding with helium atoms
and for 0.25-24 eV positrons colliding with neon atoms using a beam-transmission technique. These
measurements have resulted in the first direct observations of Ramsauer-Townsend effects for positrons
colliding wih helium and neon, and also provide clear indications of the onset of positronium formation in
each of these gases. As an overall check of the reliability of the experimental approach for measuring total
scattering cross sections for positrons, electron-atom scattering cross sections have been measured in the
identical apparatus, using the same target gases, and the same technique as was used for the positron

measurements.

I. INTRODUCTION

Sensitive tests of approximate theories developed
for the scattering of low-energy electrons by atoms
and molecules can be provided by applying such
theories to the corresponding cases of low-energy
positron-atom (molecule) collisions.! As an ex-
ample, one of the difficult problems in the theory
of the scattering of low-energy electrons by atoms
is assessing the relative importance of the polar-
ization interaction (the distortion of the atom by
the projectile). For electrons the potential due to
polarization, being attractive, tends to add to the
static interaction (the Coulomb interaction between
the projectile and the undistorted atom) which is
also attractive. For positrons the polarization
interaction is still attractive, whereas the static
interaction is repulsive, and so these interactions
tend to cancel each other. For these reasons com-
parisons between experimental studies of positron-
and electron-atom collisions might provide useful
information in assessing the relative importance of
the polarization interaction. The absence of the ex-
change interaction in positron-atom scattering is
also an important incentive for making experiment-
al comparisons between positron- and electron-
atom collisions.

There has been considerable effort devoted ta
theoretical studies of positrons scattering from
atoms and molecules, in particular to the calcula-
tion of total scattering cross sections for such col-
lisions. Although there is a broad range of values
of total cross sections predicted by different theo-
ries for positrons colliding with a given target, ~
there is nearly universal agreement on one inter-
esting qualitative feature; the total cross section is
predicted to pass through a minimum (Ramsauer-
Townsend effect) at a well-defined positron energy
for each of the inert gases which has been studied

17

" energy positrons colliding with helium®” and neon®

thus far (He, Ne, Ar, and Kr). The Ramsauer-
Townsend effect refers to the observations of
Ramsauer? and of Townsend and Bailey® of pro-
nounced minima in the total scattering cross sec-
tions for electrons colliding withargon, krypton, and
xenonat energies of about 1 eV. The firstdirectob-
servation of a Ramsauer-Townsend effect in posi-
tron-atom collisions was recently reported for
positrons colliding with argon by Kauppila et al.*
In the present article, cross-section measurements
are described for positrons 0f 0.3-31 eVand 0.25-24
eV scattering from helium and neon, respectively,
which have revealed the first direct observations
of Ramsauer-Townsend effects in these gases.
Total cross sections have been measured for low-
8
by several different experimental groups, but none
of these groups have made direct measurements of
total cross sections at sufficiently low energy to
test the theoretical predictions of Ramsauer-Town-
send effects in helium and neon. In the case of
helium there is very good agreement between the
recent calculations of Campeanu and Humberston® ©
and the measurements of Canter et al.® Referring
to this agreement Massey! has recently indicated
that the theory appears to give accurate results
over the energy range of comparison. Yet, as was
recently pointed out by Campeanu and Humberston, °
there is a significant discrepancy between their
calculated cross sections and the preliminary re-
sults' of the present experiment for energies less
than 6 eV, and they have concluded that this dis-
crepancy cannot be resolved by further improve-
ments in the theory.®. We have conducted a number
of tests for possible systematic errors since mak-
ing the original measurements, have applied a
small correction to these results related to thermal
transpiration effects (described in the present
article), and have taken considerably more data.
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The results of these efforts indicate that a signifi-
cant discrepancy still exists in the region of the
Ramsauer-Townsend minimum.

II. APPARATUS AND EXPERIMENTAL APPROACH

The experimental approach which we use for
measuring total scattering cross sections for posi--
trons colliding with gases is based on a transmis-
sion technique in which the attenuation of a beam
of low-energy positrons passing through a gas-
scattering region is measured (see Ref. 12 for a
detailed discussion). For single scattering, the
beam current I transmitted through the scattering
region containing a gas of number density » is giv-
en by

I=I,e9rL (1)

where I is the beam current transmitted through
the scattering region when it is evacuated, @, is
the total scattering cross section, and L is the path
length of the beam through the gas-scattering re-
gion.

A schematic diagram of our experimental ap-
paratus is shown in Fig. 1. The production and de-
tection of our low-energy positron beam has been
described by Stein et al.’®'* A radioactive 'C pos-
itron source is generated by the reaction 'B(p,n)
C, where a 4.75-MeV proton beam from a Van
de Graaff accelerator is used to bombard a water-
cooled boron target. Roughly one in 10° of the high-
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FIG. 1. Schematic diagram of the apparatus.

energy positrons produced in the boron target re-
sults in a detected low-energy positron. The mea-
sured intrinsic energy width of our low-energy
positron beam is less than 0.1 eV.'* The positron
beam is focused by an electrostatic lens system,
guided by an axial magnetic field through a curved,
differentially pumped gas-scattering region, and
is detected with a Channeltron electron multiplier
(CEM). '

The gas-scattering region consists primarily of
a curved solenoid (45° bend, radius of curvature
91.4 cm). The target gases (research grade) are
admitted into this region near the detector end and
are simultaneously pumped out through small aper-
tures (0.24 cm diameter at the source end and 0.48
cm diameter at the detector end), establishingpres-
suredifferentials of approximately 220 : 1and 90: 1
between the gas-scattering region, and the source
and detector vacuum chambers, respectively. The
pressure measured at the detector end of the scat-
tering region is 10% higher than at the source end.
The average of the pressures measured at both
ends of the gas-scattering region is used to de-
termine the target-gas number density, given by
the ideal-gas expression

ng=P/kT,, (2)

where P and T are the pressure and temperature
of the gas in the scattering region, and % is Boltz-
mann’s constant. Since T, depends on the current
passing through the water-cooled solenoid, the
temperature of the gas-scattering region is mon-
itored during cross-section measurements with
thermocouples placed on the solenoid and the mea-
sured temperature is used in determining n_.

The pressure P, of the target gas in the scatter-
ing region is determined with a capacitance mano-
meter.!® Since the temperature of the manometer
head T, is regulated at (49+1)°C, which is gener-
ally different from the temperature of the gas-scat-
tering region, the pressure P, measured by the
manometer head is different from the pressure P
in the scattering region due to thermal transpira-
tion, which is accounted for by the relation

P.=P (T /T )"2. 3

The correct path length to be used in determining
@, in Eq. (1) should take into account not only the
axial distance between the gas-confining apertures
of the scattering region, but should also account
for any spiralling of the positrons in the curved
axial magnetic field, and the vertical drift of the
guiding center of the spiral path (due to motion in
the curved magnetic field) followed by the positrons.
Both of these effects have been found (see Ref. 12)
to increase the path length by less than 1% above
2 eV (and 2% at 1 eV), so that the axial distance
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between the apertures is very close to the act-
ual distance traversed by the positrons through
the scattering region. For this reason the axial
distance between the gas-confining apertures, 109
cm, has been used as L in Eq. (1). The last gas-
confining aperture (shown in Fig. 1) is movable and
is positioned to allow for the small vertical drift
of the positrons in the curved magnetic field of the
scattering region.

A. Energy calibration

The energy of the positrons is determined by the
voltage applied to the boron target since the scat-
tering region is at ground potential. A stainless-
steel (type 304) retarding potential element in the
source chamber (Fig. 1) and a second retarding
element (oxygen-free-high-conductivity copper) in
the detector chamber have been used to determine
the energy width of the beam and its absolute en-
ergy with respect to the type-304 stainless-steel
scattering region. Details of these energy mea-
surements are provided elsewhere.'»!* We have
checked the retarding potential technique for mea-
suring the positron beam energy by observing the
cross-section resonance at 19.3 eV for electrons
colliding with helium in the identical apparatus as
we use for positrons.'”? A comparison of the loca-
tion of this resonance as measured by Golden and
Bandel’® with the retarding potential measurements
indicates an agreement of the energy calibrations
to within 0.1 eV. As an additional check on the
accuracy of the retarding potential technique we
have observed the shape of the envelope of the
cross-section peaks in the vicinity of 2 eV for e--N,
collisions, and our energy calibration agrees to
within 0.2 eV with the measurements of Golden.'”
The retarding potential measurements have been
used to assign the positron and electron energies in
the present experiment, and the calibrations de-
scribed above indicate that these energy assignments
should be accurate to within a few tenths of aneV.

B. Discrimination against projectiles which have undergone
small-angle forward scattering

In beam transmission measurements of total
scattering cross sections, if particles are detected
which have undergone small-angle forward scatter-
ing the measured cross sections will be smaller
than the actual cross sections: In order to enhance
discrimination against beam particles scattered
through small angles in the forward direction we
have made use of the retarding potential element
(shown in Fig. 1) located between the movable gas-
confining aperture and the CEM detector. For each
projectile energy studied the potential applied to
this retarding element is set (with the scattering

region evacuated) so as to decrease the beam in-
tensity to 80% of the beam intensity with no applied
retarding potential. As described elsewhere,'? the
steepest portion of the retarding potential curve is
at the next higher voltages above this “80%” re-
tarding potential. When a particle undergoes scat-
tering some energy associated with axial motion
is transferred to energy associated with trans-
verse motion. Since the retarding potential ele-
ment only retards the axial component of velocity, a
particle which scatters through a small angle in
the forward direction may lose sufficient ‘energy
associated with axial motion that it will no
longer be able to surmount the retarding potential
barrier and consequently it will not reach the de-
tector. As a result of the narrowness of the ener-
gy distribution of the positrons (measured energy
width less than 0.1 eV), the angular discrimination
at an energy of the order of 1 eV is better ‘than 13°
and at about 30 eV is better than 7°. These results
rely solely on the “80%” detector retarding poten-
tial for discrimination.'? However, there is evi-
dence (discussed below) indicating that the angular
discrimination is considerably better than the
above estimates which are based upon the assump-
tion that the detector retarding element is the only
means of discriminating against scattered particles.

It should also be noted that positrons which
undergo inelastic scattering lose several eV of
energy, and essentially none of these particles
should be detected when the “80%” detector re-
tarding potential is used.

C. Procedure for determining total scattering cross sections

A typical measurement of a total scattering
cross section at a given energy proceeds in the
following manner for positrons. The boron target
is bombarded for approximately 45 min with a
40-p A, 4.75-MeV proton beam, yielding an 'C
source activity of about 0.1 Ci. The proton beam
is then turned off to reduce background noise, and
with the scattering region evacuated the detected
positron beam current is maximized by -adjusting
the lens-element voltages and magnetic fields
which guide the beam.'? The 80% retarding poten-
tial is then applied to the detector retarding ele-
ment as described above. A background count is
taken while applying a potential (the cut-off poten-
tial) to the retarding element in the target cham-
ber (the lens retarding element) which is typically
about 1 V above the voltage applied to the boron
target. However, this depends in general upon how
rapidly the total cross section varies as a function
of energy at the projectile energy being studied.
This retarding potential cuts off most of the posi-
trons in the well-defined low- energy peak, and only



.spurious-CEM counts and a small number of high-
ier-energy positrons which manage to reach the
.CEM contribute-to the so-called “background” or
“noise” level.. The lens retarding voltage is then
set at zero and detected positrons are counted for

.40 sec with the scattering region still evacuated
providing the first “gas-out” count; I,,. The tar-
get gas is then admitted into the gas-scattering re-
gion allowing sufficient time for the pressure to come
to equilibrium (typically .20 sec) before the next
40-sec counting interval commences. The pressure
of the target gas is continuously monitored while
the “gas-in” counts (I) are accumulated during the
-next-40-sec -counting interval. The scattering re-
gion iis then evacuated (allowing the same equili-

- bration time, -i.e.; 20 sec).and a third 40-sec count-
‘ing interval begins, 'yielding the second gas-out
count,. I,. This completes one cycle of a cross-

' section measurement, which generally includes
:several such cycles with different target-gas
:pressures. - At the end of the last cycle another
background count is taken as described above.
-For:energies above 1 eV, the signal-to-noise
(background) ratio is generally larger than 100
-and is often a few hundred. In such cases the
cross-section determination is not'measurably
affected by the background counts, and can be de-
termined to a very good approximation for each
cycle by using the relation

Q= (1/nL)n[(,, +1,,)/(2D)]. (4)

When the signal-to noise ratio is less than 100
(typically the case for energies less than 1 eV) a
correction for background counts becomes more
important in determining the total cross section.
In such cases, a cross section @, is measured for
the background counts, with the cut-off lens re-
tarding voltage left on during each cycle. The
background counts at the beginning and end of the
normal (i.e., nonbackground) run are then used to
obtain a background count corresponding to each
40-sec counting interval of the normal run, e.g.,
B,, for I,,, B for I, and B, for I,. The measured
cross section, corrected for the background

counts, is obtained by using the relation
L]

(5)

Q r(corrected) =;1Z In ((I‘“ 5(?i1;+e(_5‘g81f02)>.
For both helium and neon, Egs. (4) and (5) gave re-
sults which:were the same (within statistical un-
certainties) when the signal-to-noise ratio was
greater than 100. As the energy approaches closer
to zero, the correction due to the background
counts becomes much more significant and contrib-
utes to larger uncertainties at the lowest energies
studied.
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III. RESULTS AND DISCUSSION

A. Positron-helium total cross-section measurements

The present measurements of total cross sec-
tions for positrons scattered by helium atoms are
shown in Fig. 2 where they are compared with the
prior experimental results®”’ and with several
theoretical calculations.®'®2% The present results
represent the first direct observation of a Ram-
sauer-Townsend effect for positrons colliding with
helium atoms. The minimum in the cross section
is about 5% 107'® ¢m? and occurs in the vicinity of
2 eV. Noticeable changes in the shape of the cross-
section curve occur at the thresholds for positron-
ium formation (17.8 eV) and for excitation of the
atom by positron impact (20.6 eV).

The cross sections measured by Jaduszliwer and
Paul® are (30-70)% higher than the present results
below 17 eV, show no change in shape near the
positronium formation threshold, and are in rea-
sonably good agreement with the present results
above 22 eV. The measurements of Canter et al.®
for e* —He collisions are in reasonable agreement
with the present results for energies above 6 eV,
but are (15-30)% higher than the present measure-
ments below 6 eV.

The calculation of Callaway et al.'® shown in Fig.
2 (an adiabatic approximation using a dipole polar-
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FIG. 2. Total positron-helium scattering cross-sec-
tion results. The energy thresholds for positronium
formation, excitation, and ionization are indicated by
arrows. The indicated threshold for excitation (20.6
eV) corresponds to the first excited singlet state for
helium (which is above the threshold for excitation by
an electron, i.e., the first excited triplet state at 19.8
eV). Statistical uncertainties of the present results are
represented by error bars except where they are en-
compassed by the size of the dot.
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ization potential) is in good agreement with the .
present measured cross sections below 4 eV, but
gives results which are below the present ones at
energies above 4 eV. Some of this discrepancy at
higher energies could be due to the fact that vir-
tual positronium formation is not taken into account
in this calculation. The calculations of Massey et
al.?® (an'exchange adiabatic approximation) and of
Ho and Fraser®! (who use a method of models in an
optical-potential formulation to calculate s-wave
phase shifts, and use Drachman’s® p- and d-wave
phase shifts) are in reasonable agreement with the
present results above 7 eV. Between 7 and 2,5 eV
the Massey et al. calculation remains higher than
the present measurements, but it seems to come
quite close to our measured cross sections again
in the region of the minimum (near 2 eV) and re-
mains quite close to the present measured values
down to the lowest energy of overlap (about 0.3 eV).
(It should be noted that if the energy calibration in
the present measurements is off by as little as a
few tenths of an eV, this could make a substantial
difference in how these measurements agree with
the various theories below 1 eV because the cross
section is rising very steeply in this region.) The
calculated cross sections of Ho and Fraser below
T eV remain considerably higher than the present
results. The calculation of Campeanu and Humber-
ston® (using variational calculations to obtain s-
and p-wave phase shifts and using Drachman’ s?°
d-wave phase shifts) gives results which are in
very good agreement with the present results above
5 eV, but are 20% higher in the vicinity of the min-
imum. The discrepancy between the present mea-
surements and the results of the Campeanu and
Humberston calculation in the region of the mini-
mum is of particular interest in view of the ex-
pected accuracy of their calculation.® The other
calculations shown in Fig. 2 give significantly
different shapes and absolute values than indicated
by the present measurements.

If it is assumed that the elastic scattering cross
section continues above 17.8 eV (the positronium
formation threshold) along an extrapolation based
upon cross-section values below 17.8 eV, then the
increase in the total cross section above the extra-
polation from 17.8 to 20.6 eV (the threshold for ex-
citation of the helium atom by a positron) can be
attributed to positronium formation. An estimate
of the cross section for positronium formation,
based on this assumption and the present measure-
ments for helium, would suggest a value which
increases roughly linearly from 0 at 17.8 eV to
approximately 7 x 10°® cm? at 20.6 eV. Above 20.6
eV other inelastic processes may contribute to the
total cross section, making it somewhat more
difficult-to extract information on the cross sec-

tion for positronium formation.

It is interesting to compare the above estimate
of the cross section for positronium formation with
the theoretical results for positronium formation
in helium obtained by Massey and Moussa® using
a Born approximation, and by Fels and Mittleman?®
using a projection-operator technique. The value
of the positronium formation cross section (Q )
calculated by Massey and Moussa at 20.6 eV is
roughly 0.32 X 107'¢ cm®, which is more than four
times as large as that obtained from the present
measurements. The value of @, obtained by Fels
and Mittleman at 20.6 eV is roughly 1.6 x 10°*°
cm?, which is less than J; the value obtained from
the present measurements. There is therefore,
an enormous discrepancy between available theo-
retical estimates of @ p; and the value of @ ,, ob-
tained from the present experiment. The present
estimates are supported by the observations and
estimates of positronium formation by Coleman
et al.®® ‘

B. Positron-neon total cross-section measurements

The present measurements of positron-neon total
scattering cross sections are shown in Fig. 3 with the
experimental results of Canter ef al.®, Jaduszliwer
and Paul,® and results of theoretical calculations
by Montgomery and LaBahn®’ (polarized orbital ap-
proximations); Massey et al.?® (an exchange adia-
batic approximation), and Ryman et al.?® (a polar-
ized orbital approximation). The present results
shown in Fig. 3 represent the first observation of
a Ramsauer-Townsend efféct for positrons collid-
ing with neon and exhibit the most dramatic mini-
mum yet observed for positrons colliding with
gases. The minimum occurs in the vicinity of 0.6
eV and has a value of 1 X10™'" ecm?. Above 1 eV
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FIG. 3. Total positron-neon scattering cross-section
results. The energy thresholds for positronium forma-
tion, excitation, and ionization are indicated by arrows.
Statistical uncertainties of the present results are repre-
sented by error bars except where they are encom-
passed by the size of the dot.



the cross section rises sharply and then begins to
level off in ’the vicinity of 6 eV. Near the predicted
threshold for positronium formation (14.8 eV) there
is an abrupt increase in the total cross section,
providing a clear indication of the onset of posi-
tronium formation. Using a procedure similar to
that used above for e*-He collisions, the cross.
section for positronium formation for e*~ Ne col-
lisions.at 16.6 eV (the threshold for excitation of
the neon atom) is estimated to be 2 x 10°"" cm®.
Above 16.6 eV possible competing inelastic scatter-
ing effects could contribute to the total scattering
cross section, making it more difficult to extract
information on Q.. '

The measurements of Jaduszliwer and Paul®
range from 35% higher than the present results at
4 eV to 20% higher at 14 eV. The results of Canter
et al.’ do not plunge as steeply as the present re-
sults do below 5 eV, thus bearing some similarity
to the situation in helium, but their results are
substéntially lower than ours above 6 eV in neon.
The results of Canter ef al. also do not clearly in-
dicate the onset of positronium formation as the
present measurements do. This may be due, at
least partially, to the considerably broader energy
width of the positron beam used by Canter et al.

(of the order of 1 eV).

The polarized orbital calculation of Ryman et al.?®
gives values in reasonable agreement with the pre-
sent measured cross sections below 1 eV, but their
results remain significantly lower than the present
results above 1 eV. Ryman et al. have suggested®®
that the discrepancy at higher energies may be re-
lated to their not having taken virtual positronium
formation into account. The present results are
bracketed by two polarized orbital calculations of
Montgomery and LaBahn,?” in which the specific
perturbed orbitals-2s-p and 2p-d, normalized to
give the correct polarizability, and 2p-d, unnor-
malized, respectively, have been considered, The
exchange adiabatic calculation of Massey et al.?®
predicts much higher cross-section values than the
present results, and does not exhibit a minimum,
contrary to the present experimental observations.

C. Checks for possible systematic errors in the present
measurements

. We have performed numerous different checks
for possible systematic errors in our measure-
ments, some of which are discussed below.

To determine whether thermal transpiration is
being adequately taken into account by Eq. (3),
cross sections have been measured at a given en-
ergy for scattering-region temperatures which
differ by as much as 65°C. The cross sections
measured at these different scattering-region
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temperatures are the same within the statistical .
uncertainties of the individual measurements.

To check for the possibility that we are detecting
particles which have been scattered through small
angles in the forward direction, the detector re-
tarding element voltage has been changed from the
usual 80% value discussed above to values ranging
from zero to a value which reduces the transmitted
beam current by 50%. A very interesting result
of these tests is that for positron-helium and -neon
collisions in the regions of the minima, the cross
sections which are obtained are independent of the
voltage applied to the retarding element. This in-
dicates in particular that in the region of the mini-

-mum in helium, where the discrepancy between the

present results and the calculation of Cafnpeanu
and Humberston® (and the measurements of Canter
et al.®) is the largest, either the angular discrim-
ination of the present experiment is much better
than the estimate of the upper limit (13° at 2 eV)
made in Ref. 12, which was obtained by just con-
sidering discrimination by the detector retarding
element, or there is little scattering at angles less
than 13°. As pointed out by Campeanu and Humber-
ston® the latter possibility seems unlikely. The
primary means of discriminating against small-
angle forward scattered projectiles at low energies
is evidently related to changes in the traj‘ectories
of scattered projectiles which are subsequently un-
able to pass through the small exit gas-confining
aperture. ’

A necessary test of the present cross-section
measurements is provided by frequent checks of
the dependence of the ratio I/I, on the target-gas
number density » which should be exponential
according to Eq. (1). Several such number-density-
dependence checks are shown in Fig. 4 where I/],
is plotted versus n on a semilogarithmic graph for
positrons and electrons colliding with helium and
neon. (The electron measurements are discussed
later.) The data shown in Fig. 4 indicate that the
exponential dependence is followed for the largest
attenuations which were tested in both gases. In
general, values of I/I; greater than 0.7 were used
to determine cross sections to be sure that we
were operating well within the attenuation region
where the dependencé of I/I, on gas number density
is exponential. The largest target-gas number
densities (17 X 10'%/cm?®) shown in Fig. 4 were de-
termined by the maximum safe pressure [(a few)

X 107° Torr] at which the CEM detector can be .
operated.

For our‘positron- atom cross-section measure-
ments, we have checked for the possibility that the
target gas could directly affect the number of slow
positrons emitted per second by the source and
thus introduce an error into our cross-section
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FIG. 4. Semilogarithmic plot of I/7, (where I is the
transmitted beam current with target gas present and
I, is the beam current with no gas present) vs target-
gas number density.

determinations. These checks were conducted by
admitting the target gases directly into the source
chamber at pressures comparable to those present
in the source chamber when the actual cross-sec-
tion measurements are madé.. We did not observe
any measurable direct effect of helium or neon on
the emission of low-energy positrons from the
source. This type of check is made possible by
the small gas-confining apertures in our system.

1. Measurements of electron-helium total cross sections

An overall test of the present approach to mea-

suring total scattering cross sections has been ob-
tained by measuring cross sections for electrons
colliding with the same gas atoms in the identical
apparatus, and using the same technique as used
for positrons. The positron beam apparatus has
been designed so that it is convenient to replace
the positron source by an electron source (type-B
Philips cathode) having the same geometry as the
positron source. The polarities of the voltages
applied to the lens elements, the projectile source,
and the detector retarding element are then re-
versed, and total scattering cross sections for
electrons are measured. It should be noted that
the lowest electron beam energy that could be used
in the present system was 1.7 eV due to a perturb-
ing effect of the magnetic field from the cathode
heater on lower-energy electrons.
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FIG. 5. Total electron-helium scattering cross-sec-
tion results.  (The results labeled “this experiment”
were presented initially in Ref. 12.) Curves are used to
represent the data points of Andrick and Bitsch, Bruche
et al., and Golden and Bandel, to enhance clarity.

Figure 5 shows total cross sections for electrons
colliding with helium obtained using the present
system,'? and includes the results of several other
experiments'®2*33 and theoretical calculations.'®s3*
The results of this experiment are in excellent
agreement (within 3% at all energies of overlap)
with the recent results of Milloy and Crompton,*

~.who have measured momentum-transfer Ccross sec-
tions in a swarm experiment and converted. these
tototal cross sections using phase shifts calculated
by Sinfailam and Nesbet.?* The total cross sections
of Andrick and Bitsch?® have been obtained by fitting
the partial-wave formula to their measured angular
distributions of electrons elastically scattered by
helium atoms, and inthis way determining scattering
phase shifts from which total cross sections are
computed. Their total cross sections are within
4% of the present results above 5 eV and agree with
the present results to well within their stated un-
certainties below 5 eV. (The uncertainties of their
individual points are larger than +15% for energies
below 5 eV, but are less than £5% for energies
above 5 eV.) The beam measurements of Golden
and Bandel,'® using a Ramsauer method, are an
average of about 12% lower than our results. The
recent beam experiment of Blaauw et al.*® gives
results which are within 2% of ours at 16 eV and
remain slightly higher than our values as the en-
ergy increases, becoming about 6% higher than our
values near 30 eV. The present measurements
agree to better than 5% with the theoretical calcu-
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FIG. 6. Total electron-neon scattering cross-section
results. Curves are used to represent the data points of
Bruche ef al., Ramsauer and Kollath, and Salop and
Nakano to enhance clarity.

lation of Callaway et al.'® (who used a polarized
orbital method with an extended polarization po-
tential) and of Sinfailam and Nesbet®** (who used a
variational calculation). - ~

The good agreement between the present results
and those of prior experiments (including those
considered to be the most reliable in a critical re-’
view of measurements of total cross sections in
electron-atom collisions by Bederson and Kieffer®)
and theoretical calculations provides support for
the present approach for measurmg total cross
sections.

2. Measurements of electron-neon total cross sections

Our recent measurements of total cross sections
for electrons colliding with neon are shown in Fig.
6 which also contains the results of prior experi-
ments®'+3% 3538 (including those considered to be
the most reliable in the Bederson and Kieffer re-
view article mentione;d above), and of a theoretical

calculation by Thompson® (using an exchange ap-
proximation and a polarized orbital method to
estimate the polarization contribution),

The present measurements are in good agree-
ment with the results of Salop and Nakano,*” which
were obtained using basically the same apparatus
as used by Golden and Bandel'® in their work on e"-
He collisions. The present measurements yield
cross sections which are an average of about 3%
higher than those of Salop and Nakano above 7 eV.
The preliminary results of the group at Universitit
Kaiserslautern® are also shown in Fig. 6. There
is very good agreement between the Kaiserslautern
data and the present measurements above 4 eV. At
lower energies the uncertainties of the Kaiser-
slautern data become large as was mentioned for
the ¢"-He results of Andrick and Bitsch.* The re-
sults of the theoretical calculation by Thompson®
are within 6% of the present measurements over
the entire energy range of overlap.

It is interesting to note that there is appremable
small-angle forward scattering in e"-Ne colli-
sions.?%*! In view of this, the agreement of our
¢ -Ne measurements with prior experiments con-
sidered®® to be most reliable provides a good test
of our ability to discriminate against small-angle
forward-scattered projectiles.
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