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1.
I. INTRODUCTION

A beam of 0¥ fons Is prepared by waing a radio
frequency source containing 02 gas and accelerating the
singly charged oxygen {on electrostatically to the desired
kinetic energy. When such an ifon beam enters a gags=con=-
taining chamber, hereafter calied the converter ceil,
Inelastig collf{sions take place In which the charge of
the moving tons s changed, by capture or loss of one or
more electrons, _the newly-formed beam constituents in
turn suffer such charge~changing collisions, After a
sufficient path length In the converter cell, the beam has
come to charge equflibrium, and the fractfons th of the
varfous charged types present Is a function only of the
velocity of the beam and the nature of the converter gas,
Let | represent the positive charge on the beam constituent
fn units of the electronie éharge. In the present experi=
ments the fractions F'w with § = -1, 0, 1, 2, and 3 were
measured fn the gases H,y He, and 02. A schematic dfagram
of this part of the experiment is shown in Figure 1,

A second aspect of the experiments dealt with the
measurement of the collision cross ﬁsiions for such charge
changing events. The method of measurement indicated only
that the charge of the mov ing oxygen fon had been changed
in the colliston; {1t did mot in ftself fndicate whether the
event had been electron losgs or capture, efther singie or
multiple. Therefore, the quantity measured is fndicated

as 2; Jife I referring, as above,to the fonic charge before
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3
the event, and f the charge after the event, and Jir fs
the cross section for the charge exchange process. By
using the varfous charged constituents emerging from the
converter cell, > if for { = -1, 0, 1, and 2 were
measured fin targeffgases of HQ, He, and 02. A schematic
dfagram of this second part of the experiment {s shown in
Figure 2,

We can gee from Figures 1 and 2 that the apparatus for
the two parts of the experiment {s the same except for the
regfon of the magnetic field 82. In the first part of the
experiment, the 82 field region was maintained at a high
vacuum while {n the second part the 82 field region had
to hold target gases.

In the engrgy range of this experiment, oxygen fons
of posftive charge value greater than two were shown to be
a very small fractfon of the beam., Therefore, the differen=
tfal equatfons can be solved by fgnoring these higher charge
states with introduction of very little error.

There are four differential equations (three of which
are independent) which give the rate of change of the fraction
of any charge component, Written §n a form such that
represents the number of gas molecules per cm® in the path

of the beam, the differentfal equatfons are:

dF g
;
7= LF Ot - Fr 2 Ot
dF

0
I = Zi"'t O”io“Fo;O'bf
dF

1
e ZiFl drr = Fy gUTf
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5

dFQ
T = Z' FyJia = Fo ;@f

The above equations simply state that the rate of fncrease
in a gliven fraction is equal to the number of atoms changing
charge into the charge state minus those changing charge

out of the charge state. If the derivatives are set equal
to zero, corresponding to the condition of the equilibrated

beam, then the following equations result:

> Fia Gif = Fra 2 O (1)
2 FimTio = Fou L dor (2)
2 F1a0ii = Fio 2 Cir (3)
2 FlaGiz = Fow 2. Oor (4)

:
As an example let us examine Eq. (1). If zg;cr?f is
measured along with FO&’ F1w, FTm' and Few’ then upon
solving for G—OT we have:
_ 1.3 Oir - [ Fro 001 * Fou Gz1)

F

Oco

ot

The terms insfde the brackets involve double and triple
electron capture cross sections that are small compared to
those of single electron capture. If the terms In the
brackets are less than 10% of Fy_ Z:(T?f’ then to within

£

the experimental error of 10%:
P 1o & O7r
of 0o

We will see later that certain estimates can be appifed to
the terms in the ovrackets that will result in a better evale

uation of the single electron capture. Simllar analysis
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6.
can be applfed to Egs. (2), (3), and (4). This discussion
demonstrates the motivation for making measurements of
§[(j]f.and the equilibrium fractions.

f Experimental measurements of this type have been carried
out by many fnvestigators. Cross section measurements for
hydrogen and helfum lons have been done by Stler and

2 Kanner,3 Whlttier,4 Allison,5 and

Barnett,1 Montague,
others. Helium and hydrogen fon experiments prior to
1958 are discussed extensively in a review article by

6

Allison, Allison7 has made measurements on the Jithium

fons, with experimental procedures very similar to those

8 has used another

applied to the present experiment. Fogel
method of making these cross section measurements and his
results are compared with those of the present experiment.

10,11 12,13 have made electron loss

Dmitriev and Nikolaev
and capture cross section measurements using a cyclotron
for fon acceleration, The low energy limit of their ex-
periments fs only slightly above the high energy Iimit of
the present experiment., They do not use oxygen fons, so a
comparison {s made with their nitrogen fon data.

There is presently no general theory for the behavior
of charge-changing cross sections. The relatfonships that
exist between cross sectfons, fon velocity, bﬁidlng energy
of the lost or captured electron, and Z number of the
target gas are of an empirical nature for all but the
simplest fon-atom pairs., Electron loss cross sections all

pass through maxima, and the fon velocities, at which these

maxima occur, increase as the {onizatfon potential of the
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7.
lost electron fncreases. This will be dfscussed fn Section
VII, and the data of this experiment will be tested with
this retation,

Quantum mechanical calculatfons are very comp!icated
for even the simple cases of hydrogen and helium fons and
are, in general, not In good agreement with this experfment.
In order to test a general theory that applies to charge=
changing cross sectfons for all fon-atom pairs, experimental
data for numerous ion-atom combinations over wide velocity
ranges must be accumulated,

Then, the purpose of this experiment is twofold: first,
to determine if corsistent singie electron capture and foss
cross sections can be deduced from measurements of equilf=
brium fractfons and total cross sectfon sums; and second, to
add these deduced cross sections to the growing body of
knowledge about this very complicated fleld of charge=

changing collisions,
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8.
IT. MAGNETIC ANALYSIS ON THE IOM BEAM

In all the measurements, the fon beam leaving the
accelerator tube was magnetically analyzed before passing
fnto the converter cell (see Fig. 1). A magnetic analysis
of the beam revealed the prusence of many fons in the
magnetic field range where the 0" fon was expected to be
found. Therefore, a careful mass spectrum analysis was
carried out in order to determine, definitely, which of
these was indced the 0% fon,

Let e be the charge and m the mass of an fon, Y the
accelerator potentfal, B the fleld of the analyzer magnet
and R the radfus of curvature of the fon in this field.

The relatfon that applfes is as follows:

2
m/e = 1Z§-E~ B® = (constant) B?,

The B fleld was directly proportional to the magnet current
which was measured with an ammeter.

The result of the analysis is shown in Figure 3 with
the quantity B® in arbitrary units. The solid Iines are
displaced away from the dotted lines only for fllustrative
purposes. The graph shows only the hefght of the spectrum
peaks. The half-widths were very narrow, befing only about
one-tenth of a m/e unit wide. This spectrum shows con=
clusively that the fon which is second in intensity when
the fon source fs filled with air and then greatly increases
In intensity when oxygen fs iIntroduced into the source fis
the 0% fon,

The 0% fon was assigned a m/e ratio of 16 and the scale
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10,
of m/e ratfos was plotted out along the B® axfs. In this
way it was determined that the beam coming into the apparatus
at an m/e ratio of 8 can be 0%* or possibly NH2++. There=
fore, the magnetic analyzer was set at this value when the
o™ double energy fon was desired, By carefully keeping
nitrogen and hydrogen out of the fon source, the possibiiity
that a slgnificant fraction of the beam was NH2++ was re-
moved. We note that the m/e values corresponding to the

+
Na

and 02+ molecular fons are at 28 and 32, which are thefr
proper positions in the spectrum,.

The peaks of the varfous fons in the spectrum do not
fall exactly on the integer values of the assfigned m/e

ratfos because of hysteresis effects in the magnet,.
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IIl1. MEASUREMENT OF THE EQUIL IBRATED BEAM FRACTIONS Fleo

A. Experimental Apparatus

1. Converter Cell

The design of the converter cell fs shown in Figure 4
The cell s comprised of a tube 50 cm. long, 2" in diamete
with beam entrance and exit apertures 0,040"in diameter.
large volume diffusion pump removes the gas that appears
between the two diaphragms at eifther end of the converter
cell, a small volume diffusion pump pumps from the region
between the converter cell and the analyser magnet and a
third diffusfon pump keeps the pressure at about 10"5 mm,
of mercury or lower in the region where the beam compo-
nents are separated by the magnetic fleld 82.

A small pipe leads from the needle valve into the
converter cell through which the target gas fs admitted,.
Likewigse, a 0.5" diameter pipe leads from the converter
cell to a pafr of thermocouple gauges which are in turn
connected to a McLeod gauge. The thermocouple gauges,
calfbrated with the McLeod gauge, measure the pressure in

the converter cell.

2. Magnetfc Separatfon Chamber

The desfgn of the magnetic separation chamber s show
fn Figure £, Because of the large magnetic field necessar
to deflect the relatively heavy oxygen fons and the desire

to use an electromagnet previously constructed for hydroge
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14,
and helfum {on experiments, ft was necessary to make the
gap between the pole faces of the magnet as small as prac-
ticable. Therefore, the flat circular portfon of the
chamber that must fit in betweenf}he pole faces of the
magnet should not be too thick; yet must have sufficient
room insfde to pass the beam through it without striking
the chamber walls. It was determined that at least 0.35"
inside chamber dimensfon was needed to prevent interference
with the beam and that the outsfde dimensfon could not be
greater than 0.5" and sti!l have enough magnetic field
strength to deflect 400 kev oxygen fons through an angle
of 30°. Therefore, it was decided to make the walls of
the chamber in the magnetic field region of 0.25" steel
and to use the steel both as the pole faces of the magnet
and also as the vacuum chamber walls. This design proved
to be very sailsfactory.

The magnetic separation chamber 1s equipped with a zero
degree port to which the neutral detector fs attached, two
15° and two 30° ports, on the left and right side, for the
attachment of the charged particle detectors. In the course
of the experiment the ports which did not have a detector

attached were plugged with rubber stoppers.

3. Meutral Detector

The details of the secondary electron detector used in
the measurement of the neutral portfon of the beam are shown
in Figure 6. The beam strikes the target, made of platinum,

which gives off secondary electrons which are collected by
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