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The electron-impact ionization cross section for Be+ has been measured from threshold to
1600 eV with an absolute uncertainty of 8%. The cross section has a peak value of
46.5 g 10 ' cm at an energy of -50 eV, and structure ascribed to the excitation autoioni-
zation of the 1s2s2p state at 118.5 eV is observed. Calculations using the semiempirical for-
mula of Lotz for direct ionization and the semiempirical effective Gaunt-factor formula for
excitation autoionization give summed cross-section values which agree well with the experi-
ment over the entire energy range. Comparisons are also made with other calculations and
cross sections in the literature.

I. INTRODUCTION

Electron-impact ionization of atoms is a topic
which has had the attention of researchers for more
than 70 years. ' Ionization cross sections are essen-
tial data in the modehng and understanding of hot
plasmas such as those encountered in fusion
research and astrophysical bodies. Despite the prac-
tical need and the long period of study, much is
lacking, both in terms of our having data for a given
species or ionization stage and in terms of being able
to predict or theoretically derive needed data.

Development of theory has been slowed by the in-
herent difficulty of the three (many)-body problem
and by the fact that a number of different mechan-
isms often contributes to the total ionization cross
section. Thus in addition to direct knock-on ioniza-
tion of an outer-shell electron, there are the mechan-
isms of excitation autoionization (excitation of an
inner-shell electron followed by autoionization),
inner-shell ionization which is often followed by fur-
ther ionization by the Auger process, and inner-shell
resonant-excitation-double autoionization. These
latter mechanisms can have multiple stabilization
paths.

Most theoretical efforts have dealt with the direct
process for ionization of either outer-shell or inner-

shell electrons. This paper is not a review of the to-
pic, and we therefore refer the reader elsewhere for
adequate references and exposition. Suffice it to say
that starting with the 1912 classical theory of Thom-
son, a number of classical and semiclassical theories
have evolved. Because of the need to have data
for other fields, a variety of empirical formulas
have come into wide application with that of
Lotz ' seemingly receiving widest use. Again
with an eye to ready applicability, scaling formulas

based on the Born" and Coulomb-Born' ' ap-
proximations have been developed. There exists
only a small number of detailed specific calculations
for selected isoelectronic sequences using quantum
theory and modern computing methods. However,
more has been done in recent times, and there are
calculations for the Li isoelectronic sequence' ' of
which Be+ is a member.

Experimentally, ' measurements were made on the
common gases in the 1930's, and these have been
substantially verified in later work. It was shown by
the work of Dolder, Harrison, and Thoneman on
He+ in 1961 that measurements of cross sections for
electron-impact ionization of ions using crossed
beams of electrons and ions can give high
accuracy —perhaps better than that on neutrals. By
now, cross sections have been measured for a num-
ber of ions, ' and recently it has been possible to
do experiments with beams of multiply charged
ions ' thus making it practical to examine the ion-
ization process along an isoelectronic sequence.

Systematic studies, such as those along an isoelec-
tronic sequence and of groupings of classes of atoms
or ions, are desirable to aid the continuing effort to
develop theory and predictor formulas. Such is the
nature of the work presented here. By reporting
cross sections for ionization of Be+, we make more
complete the study of the Li isoelectronic sequence,
adding to the data of Crandal et al. on C +,
N +, and 0+ and to the data of several au-
thors on Li. Also, these data help complete a
grouping of cross sections for ions of the alkaline
earths, adding to the work of Dolder et al. 3 and
of Feeney et al.

In making comparisons with these groupings
later, it will be important to pay specific attention to
the scaling of the cross sections for the direct pro-
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cess and of the cross-section contributions from ex-

citation autoionization.

II. EXPERIMENTAL PROCEDURE

A. Apparatus and technique

Generally, the experiment utilized the crossed-
charged-beams technique. ' A schematic view of
the apparatus is shown in Fig. 1. A well-collimated
beam of Be+ ions is crossed with a magnetically
confined electron beam. A parallel-plate electrostat-
ic analyzer spatially separates the primary and prod-
uct ions, and they are collected and the currents
measured using separate collectors.

The cross section is deduced from experimental
parameters using the relationship '

A'e U~ t'e

J I (U. +U )'~ Dp+

where J;, I„U„and U; are the currents and veloci-
ties, respectively, of electrons and ions, D2+ is the
probability that a doubly charged ion produced by
electron impact will be detected, and 9F is the mea-
sured counting rate of doubly charged ions. The
form factor, ~ takes account of the spatial overlap
of the two beams, and is given by

fR (z) dz f6 (z) dz
ge. (2}fR (z)G(z) dz

where R (z) and G(z) are the relative vertical distri-
butions of the electron- and ion-beam current densi-
ties.

The electron gun used was one for which the
characteristics have been studied in detail, and the
gun properties have been published. The gun has
been used in the crossed-beams configuration for
numerous experiments previously reported. The
electron beam, produced from an oxide-coated nick-
el cathode, is magnetically confined by a 0.02-T
longitudinal field, and is collected in a gold-blacked
collector equipped with a honeycomb surface to
minimize reflections. The collector is positively

0.03 TO 5mA

biased to prevent escape of secondary electrons.
Secondary electrons were thus no problem; however,

at high energies reflected electrons necessitated an
energy-dependent correction ranging up to 10% and
also led to higher uncertainties above 400 eV.

The electron energy in eV is given by

E, = V, —-P —— I +- SI, ,
5

(3)

and the energy spread is given by

5'
EE, =b Vh+ I, . - (4)

Here E, and hE, are the true electron laboratory en-

ergy and energy spread, V, is the applied cathode
potential, P is a constant accounting for contact po-
tential, S=0.071, 5;=3.0, and S'=0.017 are con-
stants (units eV pA ') depending on beam and
electrode geometry which account for space-charge
effects, 3 is the atomic number of the ions under in-

vestigation, V; the ion energy, and AV,z ——0.22 eV is
the energy width (primarily thermal) exclusive of
space-charge effects. The effect of electron spiraling
in the beam has been studied and corrected for.
The beam is 2 mm wide by 6 mm high, and the en-

ergy is changed by changing V, .
The Be+ ions were produced in a simple, com-

merical, hot-filament, discharge-ion source. Chips
of Be metal were placed in the discharge crucible
and a discharge struck with CC14. Resultant reac-
tions with the Be provided a source of more volatile

BeCl&, which was subsequently ionized in the
discharge. The ions were extracted through a 0.5-
mm hole in the molybdenum anode, mass analyzed,
and transported via focusing and collimating optics
to the interaction region where the beam was 2 mm

wide by 2 mm high. The laboratory ion energy was

2300 eV. The energy spread from the ion source has
been reported to be less than 1 eV, but the spread
was not specifically measured in these experiments.
However, the spread was limited by the mass

analyzer to about 12 eV, so that the uncertainty in-

troduced in 0 through the uncertainty in U; in Eq.
(1) is about 0.3%. The spread in ion energies has a
totally negligible effect on the spread of interaction
energy. The total electron-ion interaction energy is
given by

(QN
SOURCE

MASS
ANALYZER '(0 '

IONS

8= 200 G

ELECTRON
G(.i N

E =—p(E;/m;+E, /m, ),
where m; and m, are the respective masses, and JM is
the reduced mass. This reduces to give approxi-
mately

E=E,+m, /m;(E; —E, )

FIG. 1. Schematic of experiment. and is basically just the electron energy "corrected"
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by an energy the order of 0.1 eV.
The analyzer is the one used in this laboratory

for electron-impact dissociation of H2+ and has
been described earlier. It is of the 45' parallel-plate
variety similar to that described by Yarnold and Bol-
ton and first used by I.ineberger et al. for
crossed-charged-beams work. Two modifications
were incorporated into the analyzer: (1) the product
ion Faraday cup was replaced with a large area elec-
tron multiplier to permit particle counting, and (2) a
set of vertical deflection plates was added at the en-

trance slit to correct for the ion-beam deflection by
the 0.02-T magnetic field of the electron gun. The
primary beam Faraday cup was constructed to mini-
mize reflections, and a biased guard ring before the
cup precluded the escape of secondary electrons.
Tests showed that neither reflections nor secondary
electrons led to uncertainties in current measure-
ment greater than 0.5%, but uncertainties from
these sources are included in the budget of uncer-
tainties discussed later.

The beam profiles R(z) and G(z) appearing in

Eq. (2) were measured by observing the currents
transmitted through a 0.25-mm slit as the slit was
scanned through the relevant range of z. The probe
could be scanned through one beam with the plane
of the slit surface perpendicular to that beam, then
rotated by 90 and scanned through the other beam.
In this way the beam profiles were measured along
the actual line of intersection. The electron beam
was generally taller than the ion beam and was usu-

ally quite uniform, so that & in Eq. (2) was approxi-
mately equal to the height of the electron beam and
varied by less than 20% over the entire energy range
of the measurements.

Tests sho~ed that the electron beam did not pro-
duce any background in the signal detector, while
the ion beam produced background counts of order
2&10 sec ' per pA ion beam. This compares to
signals (e.g., at 100 eV) of 8X 10 sec ' per pA ion
beam. Thus the electron beam was chopped ' at
typically 250 Hz, and gated scalers were used to
separately record "signal plus background" and
"background. "

at ten energies spanning the interval, form factors
taken again, measurements at another ten energies
spanning the interval, and so on until the statistical
precision was adequate. In each set of ten energies
and in each set of form factors, measurements were
included at a reference energy (100 eV}, so that re-

petitive sets could be combined and sets at different
energies put on a common plot. During all the mea-
surements, values at the reference energy fluctuated
over a range typically less than +5% of the value.

The absolute cross section was determined by
measuring the quantities in Eq. (1) as in the relative
measurements, but the current through the I + slit
was measured using a calibrated vibrating reed elec-
trorneter, so that the quantity I +/2e replaces A in

Eq. (1). Precautions were taken to ensure that use of
the multiplier as a Faraday cup did not suffer from
common problems such as escape of secondary elec-
trons, reflection of ions, etc. A beam of I + ions de-

flected alternately to the I+ Faraday cup and to the
I + collector was measured to be the same within

0.2%. Thus for these absolute measurements D2+
in Eq. (1) was unity. The absolute cross section was

measured only at 400 eV, and the relative measure-
ments were made absolute by tying to this point,
which was measured more than 50 times to establish
sufficient precision.

C. Consistency checks and uncertainties

The crossed-charged-beams technique lends itself
to detailed systematic checks and diagnostics, and
such checks have been reported in detail from the
laboratories of Dolder et a/. ,

'" Harrison et al. ,
Hooper et al. ,

' ' from this laboratory, and oth-
ers. The pitfalls and difficulties such as false signals
from space charge or pressure change, beam collec-
tion and measurement, and ion-beam metastable

E 50

B. Data collection and absolute calibration

Relative measurements of the cross section were
made using the electron multiplier at the I + collec-
tor and counting individual pulses. An energy range
was selected over which the form factor [Eq. (2)] did
not change by more than 3% (such changes were
found to be monotonic with energy); the interval
was divided into as many as 30 distinct energies.
Form factors were then measured for energies at the
ends and middle of the interval, measurements taken

g)
ZO

D

l. 5 2.0

FIG. 2. Signal, normalized for ion current and form
factor, vs electron current [see Eq. {I)].
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TABLE I. Examples of ra+ data at 92.4 eV interaction energy. Scalers give counts for 30-
sec integrations. urren s are. C t re also integrated values (averages over the 30 sec. Sealer 1 col-

1 2 both b k round and signal. There is a 0.96 duty cycle factor ue

to certain time delays in the chopping scheme. The examples are shorn to cover a range o
ion currents.

Sealer 1

9 276
23 624
22 285
27 754
33 396

Sealer 2

13372
29787
28698
38478
45311

131.39
128.11
128.93
139.61
129.75

I; (pA)

0.0338
0.0572
0.0610
0.0844
0.1056

(cm)

0.425
0.482
0.490
0.440
0.451

0—]s cm2)

38.19
38.80
38.19
39.02
38.23

contamination have been identified and discussed in
the above papers. The present work has been set up
to avoid or minimize the problems, and the ap-
para uaratus has been thoroughly checked and uncertain-
ties assessed. These checks result in plots, an exam-

ple of which is shown in Fig. 2, which demonstrate
proper dependence or independence of the cross sec-
tion on experimental parameters. The plot in Fig.
shows the linearity of signal with I, and demon-
strates that the measured cross section is indepen-
dent of space-charge effects for the current range
used. Table I shows examples of raw data at 92.4
eV energy for a range of ion currents. These data
represent single 30-sec "integrations" of measured

fparameters. A measurement normally consisted o
several such integrations —until statistical precision
was adequate. These data, when plotted as in Fig.
2—or in other ways as it may please the reader—
show linear dependence of signal (or independence
of cross section) on ion current.

The budget of uncertainties resulting from tests

and evaluation of the experiment is given in Table
II. Uncertainties are estimated to be at the 1o level

(68%%uo confidence level).

III. RESULTS AND DISCUSSION

I I I I I I I I
[

I I I I I I I I

A plot of Be+ ionization cross section versus en-

ergy is shown by the open circles in Fig. 3. The bars
h n represent one standard deviation of the mean,

heare typical for that energy region, and represent t e
s at tistical uncertainty of the points as determined y

b-the run-to-run reproducibility of the data. The a-
solute total uncertainty as determined at the 400-eV
benchmark point is about 7%. Table III lists the
cross-section values and statistical uncertainties.

Table IV shows the comparison of our data to the

TABLE II. Uncertainties in absolute value (1o.
equivalent) ~

Uncertainty (%)

Standard deviation of mean of
measurement for absolute point 7.3

Transmission of analyzer 0.75
False "signal"'
Incident electron current 0.5
Incident ion current 0.5
Form factor 2.2
Uncertainty in electron

and ion energies 0.3
Calibration of vibrating

reed electrometer 1

Quadrature sum 7.8

'False "signals" can arise from such sources as space-

charge modulation of background stripped ions or modu-

lation of background gas density.

z0
& 20—
LLI

(A

I I I I I I I Il
lOGO

I I I I I I I I

IO I Oo

ELECTRON ENERGY (eV)

FIG. 3. Cross section vs energy for electron-impact
ionization of Be+. Open circles are experimental data,
and bars represent one standard deviation of the mean
and are typical for a given energy region. Line is from

Eq. (5). Uncertainty in the absolute value is about +7%
(see Table I).



758 R. AARON FALK AND GORDON H. DUNN 27

TABLE III. Absolute cross sections for electron-impact ionization of Be+.

Energy
(eV)

o+ho
(10 ' cm)

Energy
(eV)

ohio
(10 ' cm)

Energy
(eV)

o.+ho
(10 ' cm)

18.8
19.9
20.8
20.9
21.9
22.9
23.9
24.9
25.9
26.9
27.9
29.0
30.0
31.0
32.0
33.0
34.1

35.1
36.0
41.1

46.2
51.2
56.2
61.3
66.3
71.3
76.3
81.4
86.4

3.7
10.5
14.9
15.0
18.7
21.3
23.6
26.2
29.1

31.4
33.3
34.3
35.4
37.4
32.2
33.0
38.2
40.1

42.9
43.7
44.4
46.3
45.0
43.5
45.0
42.9
42.3
42.2
41.3

+0.7
+1.2
+1.2
e0.7
+0.9
+1.0
+1.1
+1.3
+ 1.0
+0.8
+0.6
+0.9
+0.6
+0.6
+1.0
+0.8
+0.8
+0.9
+1.0
+0.9
+0.9
+0.8
+0.6
+0.6
+0.4
+0.5
+0.5
+0.4
20.5

91.4
92.4
93.4
94 4
96.2
98.2

100.2
102.2
104.2
106.6
108.6
110.5
112.5
114.5
116.5
118.4
120.4
122.4
124.7
126.5
128.5
130.4
132.4
133.8
134.4
136.6
138.2
143.9
1S4.0

40.3
38.7
39.0
39.0
38.6
38.2
38.5
37.4
38.2
38.3
37.5
37.3
36.7
37.1

36.2
37.6
37.5
37.1

37.7
36.9
37.0
36.7
36.5
36.2
35.8
36.5
35.7
35.1

34.8

+0.4
+0.4
+0.5
+0.5
+0.3
+0.5
+0.4
+0.5
+0.7
%0.6
+0.4
+0.4
+0.4
+0.5
+0.6
+0.6
+0.5
+0.6
+0.5
+0.6
+0.5
+0.5
+0.4
+0.6
+0.4
+0.4
+0.5
+0.7
+0.4

164.2
174.3
184.4
194.8
205.0
215.0
225.0
235.0
245.0
255.0
265.0
275.0
286.0
296.0
306.0
316.0
326.0
336.0
346.0
356.0
366.0
377.0
387.0
397.0
586.0
890.0

1191.0
1592.0

33.8
32.8
32.0
30.9
30.0
29.2
28.0
27.6
27.0
26.2
25.7
25.2
24.5
24.4
23.7
23.5
23 ~ 1

22.6
22.2
22.0
21.7
22.4
20.9
20.7
15.7
13.1
11.1
8.4

+0.5
+0.5
+0.3
20.4
+0.3
+0.4
+0.3
+0.4
+0.3
+0.4
+0.4
+0.4
+0.5
+0.5
+0.6
+0.6
+0.6
+0.6
+0.7
+0.7
+0.7
+0.7
+0.7
+0.8
+1.2
X1.2
+0.6
+0.3

low-energy quantum calculations of Younger, ' in
which use was made of several approximations as
shown in the caption. The CBE calculation shows
good agreement with the experimental data. The
other approximations give results too small at the
low energies where calculations were made.

Referring again to Fig. 3, we see that near 118 eV
a distinct change of slope can be seen in the data.
This is shown in more detail in Fig. 4. The onset of

inner-shell ionization does not occur until 140 eV
and is estimated to be too small (& 1%) to account
for this observation. The 118-eV feature is identi-
fied as being due to the excitation autoionization of
the 1s2s2p state of Be+. Griffin has calculated the
energy of the 1s2s2p state to be 118.5 eV with an op-
tical oscillator strength (f value) of 0.62.

The solid curve in Figs. 3 and 4 is seen to
represent the data very well. The curve was ob-

TABLE IV. Be+ scaled electron-impact ionization cross section UI Q, where U =E/I, E is
electron energy, and I=1.339 Ry is the threshold ionization energy. Units are n.ao(Ry) .
Theoretical values owing to Younger (Ref. 20).

U

1.125
1.25
1.50
2.25

DWE'

0.269
0.493
0.866
1.67

DWT'

0.237
0.467
0.903
1.94

CBE'

0.310
0.564
0.973
1.80

CBT'

0.234
0.462
0.891
1.92

PWB'

0.145
0.334
0.752
1.79

Experimental
Data

0.31+0.02
0.55+0.04
0.96+0.07
1.98+0.14

'DWE, distorted wave with exchange; DWT, distorted wave truncated; CBE, Coulomb-Born
with exchange; CBT, Coulomb-Barn truncated; PWB, plane-wave Born.
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FIG. 4. Detail of Be+ ionization cross section near the
1s2s2p autoionizing state. See Fig. 3. IO
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tained from the representation

0 =0.95oL, +o- .
Here oL is the cross section calculated using the
Lotz'-" predictor formula

ol, ——$ ln(E/I;) [ 1 —b;exp[ —c;(E/I; —l)]),
l

(6)

where a;, b;, and c; are fitting constants given by
Lotz, I; is the ionization energy of electrons in the
ith subshell, q; is the number of electrons in the ith
subshell, and E is the electron energy. For Be+,
g —4$X10- g —4.y 10- b —0 h —04
ei ——0, c2 ——0 6, qi ——l, q2 ——2, Ii ——18 2 CV, and
I2 ——140 eV. The 0.95 scaling factor multiplying oL
is chosen simply to obtain a fit to the data. The ex-
citation autoionization contribution to o is taken in
Eq. (5) to be simply the cross section for excitation
of the ls2s2p state as represented by the effective
Gaunt-factor predictor formula,

8m E.~ g(X)0's= ~ 2 f 'lMo
3

Here X=E/5 is the energy in units of the threshold
energy b„f is the optical oscillator strength, Il is the
Rydberg energy, ao is the radius of the first Bohr
orbit, and g(X) is a function called the effective
Gaunt factor. The particularly good agreement be-
tween the measured cross sections and the "predict-
ed ' cross sect1on [Eq. (5)] ts posstbly fortuitous
given the usual uncertainties associated with the use
of Eqs. (6) and (7).

Bell et aI. have recently compiled a set of
"recommendcxi" cross sections for light atoms and
ions. They fit all cross sections to a formula with
several fitting parameters. For Be+ they chose to fit
to Younger's 0%'E results with the consequence
that their "recommended" cross section function for
Be+ ranges from 15% low at low energies to 23%

FIG. 5. Log-log plot of ionization cross section for
Be+ vs electron energy. Solid curve is the same as in Fig.
3 [computed from Eq. (5)] and is taken to closely
represent the data. The short-dashed curve is the "recom-
mended" cross section curve of Bell et aI. (Ref. 50); long-
dashed curve is from the SCB formulas of Sampson and
Golden (Ref. 17); dotted curve is from the SPWB formu-
las of McGuire {Ref. 11); dot-dashed curve is from the
modified classical binary-encounter model of Thomas and
Garcia {Ref.52) as calculated by Mathur et al. {Ref.51).

low at the peak and -60% low at high energies,
when compared with the measurements of this ex-
periment. Their rccommcndcd cI'oss-section func-
tion is illustrated in Fig. 5 as the short-dashed curve.

Shown as the solid curve in Fig. 5 is the same
curve as in Fig. 4 [i.e., Eq. (5)], which is taken for
these comparisons as representing the experimental
data fairly well. The dotted curve is from the scaled
plane-wave Born (SPWB) method of McGuire. "
The long-dashed curve represents the prediction of
the scaled Coulomb-Born (SCB) method of Sampson
and Golden. To both of these latter predictions,
we have added tr- from Eq. (7). The dot-dashed

curve is from the paper by Mathur et ai. ' who used
the modified classical binary-encounter model of
Thomas and Garcia.

Excitation autoionization associated with the
ls2s2p state is also manifest in the cross sections for
other lithiurnlike ions on which measurements have
bccn made, C, N, and 0 . Figurc 6
shows the trend with charge state of the relative im-
portance of the direct and indirect processes. Here
the ratio of the cross section at the second peak as-
sociated with excitation autoionization to the cross
section at the first peak associated with direct ioni-
zation is plotted versus initial ionic charge (Z —3).
The points are experimental froIn the sources cited.
The chain curve in the figure is that calculated by
Sampson and Golden. ' Clearly, the indirect process
becomes relatively more important with increasing
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FIG. 6. Plot of the ratio of the cross-section value at
the excitation autoionization peak to the value at the peak
for the direct process. C +, N +, and 0'+ data due to
Crandall et al. (Refs. 24—26). The theoretical curve
(dash-dot) owing to Sampson and Golden (Ref. 17); the
infinite Z hmit neglects the increasing role of radiative de-

cay as Z is increased. Bars are one standard deviation
relative uncertainty.
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FIG. 7. Electron-impact ionization cross sections for
the singly ionized alkaline-earth metals; Be+ from this
work, others from Refs. 30—34.

charge state. The present work on Be+ fits the
theoretical and experimental trends well, and the
single point associated with O + signals significant
disagreement with the theory. It appears that inves-
tigation of higher charge states and/or reinvestiga-
tion of 0 + may be worthwhile to firmly establish
this.

A comparison of the cross sections for ionization
of all the singly ionized alkaline-earth metals
(except radium) is shown in Fig. 7. Strong
excitation-autoionization contributions are seen at
low energies in Ca+, Sr+, and Ba+ associated with
np-nd transitions. Analogous hn =0 transitions are

FIG. 8. Scaled cross sections for the lithiumlike
isoelectronic sequence. U=E/I where E is the electron

energy and I is the threshold ionization energy. Be+ from
this work; C +, N +, and 0'+ from Refs. 24—26; Li from
Ref. 28.

not possible in Mg+ and Be+, but we have seen in

this paper a 5% contribution to the Be+ cross sec-
tion from the 1s 2s-152s2p transition (An=1). Re-
cent work in this laboratory on Mg+ shows contri-
butions from similar An=1 transitions of about
10%. More detailed data for the other alkaline-
earth metal ions at higher energies should show
analogous contributions.

Figure 8 shows the experimentally measured cross
sections for the lithiumlike isoelectronic sequence in
units of rraof, where ao is the Bohr radius and I is
the threshold energy in rydbergs. In the figure
U=E/I, where E is the electron-impact energy.
The cross sections are plotted only to the energy on-
set for excitation autoionization. Simple classical
theory indicates that in these units the cross sec-
tions can be represented by a single universal func-
tion. %'ith the exception of C + a universal func-
tion could indeed be adopted which would give
values accurate to —10%. The ion O + seems
anomalous in that the peak appears at a U of -2 as
compared to -2.8 for the other ions. One notes
that a focusing action is expected from the
Coulomb field, and some pulling in of the peak for
high charge states is an expected result. The Be+
results are from this work, the C +, N"+, and 0 +

from Refs. 24—26, and the I.i data are from Ref. 28.
Note added in proof. Bell et ai. have informed us

that versions of the manuscript being submitted for
publication have been changed to recommend Be+
cross sections which follow the data of this paper.
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