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I. INTRODUCTION

A, The Recombination Problem

The study of chemical reactions, their rates, mechanisms and products
has been one of the most actively pursued areas in science. Although many
techniques have been developed on the macroscopic level of investigation,
it has long been the desire of the kineticist to view each reaction from
the standpoint of discrete particle collisions. Only in this manner can
he consider himself a spectator in the full sense,

Observation of reactions on the particle level leads to a more concise
picture of

(1) the intermolecular potentials; both long and short

range,
(2) the distribution of products over the solid angle
energetically allowed.

(3) the reaction mechanism over a given energy range.
The general method employed in these experiments involves generating beams
of the reactant species and observing their collisions at a given point
within the apparatus. The types of reactions which have been studied in
this manner are:

1, electron-neutral

2, electron-ion

3. ion-neutral

4, ion-ion

5. neutral-neutral
Table I gives examples of each of the above interactions available in the
current literature. This research deals with the second category, namely,

ion~electron recombination.



Collisions Investigated by Beam Techniques

Collision Event

electron~-neutral

electron-ion

ion-neutral

ion-ion

neutral-neutral

Table I

Cs +e »Cs+e

+

) + e >N+ N

N
N+ 0, > No' + 0
N +0">N+0O

Cs + RbC1l - CsCl + Rb

Year
1971
1968
1971
1968

1967

Reference

(2)

(3)

(4)

(5)

(6)



Recombination studies of ions with electrons date back to the work
of Thomson and Rutherford (1) in 1896. Many attempts have been made since
but the data available are still not comprehensive. The systems investi-
gated have been limited to diatomic molecular ions due to the experimental
difficulty of product identification, Only in the diatomic case can theory
predict the products since but one decomposition path is allowed. This,
however, should not imply that such recombinations have been thoroughly
investigated,

Collision phenomena can further be categorized as to the disposition
of energy when the reactant particles come together, The energy can (a)
be observed as radiation, (b) be transferred to a third body, or (c)
internally excite the resulting neutral molecule. If internal excitation
occurs, the recombination is transitory unless the excitation energy is
dissipated. The process is termed dissociative recombination if the
neutral excited complex breaks into atoms or radicals which move apart,

This phenomenon is represented below,
+ - *
AX + e > (AX) + A + X + kinetic energy

where AX+ represents a molecular ion, either diatomic or polyatomic; e

is an electron; (AX)* is the unstable complex and A, X are the neutral
fragments which can be in excited states themselves. Initially, as the
principals in recombination approach each other, the electron is attracted
by the Coloumb potential of the ion. If favorable curve crossing occurs
for the system's potential energy versus internuclear separation, as
illustrated by Figure 1, then the molecular ion captures the electron

into a non-bonding or anti-bonding molecular state, (AX)*. In this case,

there is no change in the total energy of the system and considerable



Figure 1

Potential Energy vs Internuclear Separation Illustrating Curve Crossing

in Dissociative Recombination

G.

B.

Initial state of system indicating the molecular ion in its ground
state of vibration with the electron at rest at infinity,

Curve representing repulsive state of excited molecule AX*.
Critical point of curve crossing; if internuclear separation
increases beyond point Z before electron is emitted then auto-
ionization is not possible energetically and dissociation goes

to completion.

Kinetic energy of dissociation, shared between atoms A* and X.

Repulsion curve for A and X in ground states.
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overlap occurs between the initial and final states of the system., The
unstable molecule (AX)* can follow one of several paths in reaching a
stable state. It can auto-ionize, (AX)* > AX+ + e , or radiate the excess
energy, (AX)* + AX + hv, or dissociate into neutral particles which can
themselves be in excited states and move apart with excess kinetic energy
as mentioned earlier.

Bates (7) has pointed out that the radiative path for the unstable
molecule (AX)* has low probability of being followed, Atoms in an un-
stable state exert repulsive forces between them of approximately 5 ev/A.
If an internuclear separation of 0,2 A occurs, the kinetic energy of
relative motion is increased by 1 eV in 8 x 10_15 sec, If a separation
of several angstroms is considered then about 10-13 sec would be necessary.
Since radiative lifetimes are generally greater than 10"9 sec, the un-
stable neutral should prefer dissociation.

Sayers (8) has determined the rate coefficient for the reaction

*
+ N

++e"+N > N 2

Ny 2 2

in which the excess energy from recombination is removed by a third body,

namely, an N2 neutral., He found that a process of this type would occur

at a comparable rate to the dissociative recombination process at particle

temperatures of 300°K and nitrogen pressures of the order of 0.1 atmosphere,
The purpose of this work, therefore, is to investigate positive ion-

electron dissociative recombination for polyatomic positive ions employing

a crossed beam technique, Identification of reaction products will be

accomplished by mass spectroscopy.



II. PREVIOUS EXPERIMENTAL TECHNIQUES

A, The Microwave Experiment

In 1948, with the advent of microwave techniques for measurement of
average electron densities in afterglows, Biondi and Brown (9) applied
them to investigation of recombination phenomena. This marked the
beginning of fairly comprehensive data acquisition for simple diatomic
systems,

The microwave experiments concentrate on measuring local electron
dengity variations after external ionizing sources have abated. A
stationary electron energy distribution is assumed and described by

position and time parameters in an equation of the form

on
e = —-— -
3T (x,t) = i C, (x,t) ; Lj (x,t) 1E< v.r_(r,t)
- i agne(z,t) nz(z,t) 1

The parameters and terms are defined as

(a)

represents position

[La

(b) t represents time

(c) n, is electron density

(d) the Ci term represents electron creating processes

(e) the L, term indicates electron loss from other than
recombination phenomena (i.e., negative ion formation)

(f) Pe represents electron particle current density

(g) the last term represents electron loss due to two body

recombination with «, indicating the recombination

L

coefficient,



If volume production terms are small and the main volume loss term is two
body ion-electron recombination and if only one positive ion species is

present with no negative ions then
dn,/dt = dn_/dt (2)

n, = n (3)

The continuity equation becomes

dne 2
. ~ " )

with the solution

i _ 1
= = 3 + at (5)
e [o]

where n_ is the initial electron demsity at t = 0 and n, is the electron
density at time t = t', Thus, a plot of the reciprocal of the electron
density versus time will give the recombination coefficient,

Recombination coefficients measured by this technique have been found
to vary from 10"8 to 10"6 cm3/sec. At room temperature they fall into

the range of 1077 - 107® cc/ion sec for diatomic ions (10) of Ne, Ar, Kr

and Xe and for N2+, 02+ and NO+. For He2+2 and H2+, 10-'8 cc/ion sec (11).
Recombination phenomena were first approached on the beam level in
1929 by Davis and Barnes (12). They attempted, though unsuccessfully, to
measure capture probability of He++ and He+ with electrons as a function
of their relative velocity. 1In 1966, Hammer and Aubrey (13) measured the
recombination cross sections and coefficients for 052+ and Cs+. Hagen (3)

in 1968 measured these recombination parameters for molecular N2+ ions via

beam technique.



B. The Beam Experiment
A beam experiment in theory offers the following advantages over
previous methods,
(a) Primary ions, mass filtered for identification and
energy selected,
(b) Controlled electron energies in the neutralization
region.
(¢) Identification of product species,
(d) Angular distribution of products as a function of
interaction energies,
(Figures 2 and 2a diagramatically illustrate the experiment,)
The primary ion beam is considered to be parallel and composed of mono-
energetic ions of velocity V (14). The electrons are also considered to
be monoenergetic of velocity v, If the angle of intersection is denoted
by ©, the collision rate k(z)dz for single collisions in an element of

height dz located at z in each beam is given by
k(z)dz = Q(e)p (z)n(z) A w(2)2(z)dz/sin © (6)

Q(e) is the collision cross section at incident electron energy ¢

which corresponds to an incident velocity A given by
1
A= (V2 + v2 - 2vV cos G))/2 €D,

Substituting for p(z) and n(z) which are respectively the ion and electron

densities yields

k(z)dz = Q(e)(Vz + v% - 2Vv cos 9)1/2 i(z)j(z)dz (8)

NeZVv sin ©



Figure 2

Schematic Illustrating Crossed Beam Ion-~Electron Experiment






Figure 2A

Vector Diagram for Ion-Electron Crossed Beam Experiment at

90° Collision Angle
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where i(z)dz represents the current of parent ions of charge Ne passing
through the height element dz and width w(z); j(z)dz represents the
corresponding electron beam current in element of width 2(z). The total
collision rate K is found by integrating between the spatial limits of the
beam, i.e., from z = h1 to z = h2.

For a crossed beam experiment, where the beams interact at 90°, the

cross section is given by

(9

where I and J are the total currents of ions and electrons; h' is referred

to as an effective height of the beams and is given by

h h
f 2 i(z)dz I 2 j(z)dz
h h
h' = —2X - 1 (10)
f 2 1(2)i(z)dz

by

The beam investigations thus far have been limited in detection
technique to either surface ionization or secondary emission caused by
the fast neutrals impinging on an electron multiplier. The optimum
detector would be a mass analyzer equipped with a highly efficient ionizer
so that neutral particles can be re-ionized and positively identified. The
observations could then be extended to polyatomic molecular ions and their
recombination energetics.

The total signal observed, thus, depends on

(a) ion beam and electron beam intensities; they
should be as intense as possible at low inter-

action energies since the recombination cross

11



section falls off rapidly with interaction
energy.

(b) donization efficiency of the mass analyzer's
ion source, i.,e,, about 0.1% for thermal
neutrals,

(c) total efficlency of the detector train;
including electron multiplier gain and pre-

amplifier characteristics.

The angular distribution of products is determined by the internal
energy released upon decomposition and the translational velocity of the
ion at the instant of neutralization, If fragmentation occurs with the
elimination of light atoms such as hydrogen or deuterium from a relatively
massive molecule, the angular distribution of heavy products will be
small (~10°). On the other hand, if the molecule fragments into particles
of almost equal mass, the maximum dispersion will be greater (~20°) which
correspondingly lessens the intensity. If preferred energy states are
involved then these will be reflected in the angular distribution, i.e.,
small total dispersion angles,

Thus from product identification and angular distribution, information
relating to the mechanism of decomposition can be obtained, i.e., whether
two H atoms or an H2 molecule are ejected, whether specific electronic
states are involved and how much excess energy is contained in the neutral

products.
IIT. EXPERIMENTAL

The apparatus employed in this investigation is composed of (1) a

primary, high-intensity ion source with appropriate extraction and focusing

12



elements, (2) a Wien velocity filter which can function as either a mass
filter or focusing element, (3) a deceleration lens system, (4) an
electron gun producing high-density, low-energy electrons and coupled
with electrostatic post-neutralizer deflection plates, (5) the detector
train consisting of a high-efficiency ionizer, spherical deflector,
quadrupole mass filter, electron multiplier and electronic equipment
sufficiently sensitive to detect low, pulsed signal levels, and (6) the
vacuum enviromment, housing and interfacing the above components. Each
segment of the instrument as outlined will be described in relevant

detail within the following sections of this chapter,

A. The Primary Ion Source (15)

The ion source used to generate a well--defined high-intensity primary
beam is classified as a discharge source by nature of operation (16)., It
consists of a boron nitride or ceramic (Aremco 1100) housing, anode,
tungsten filament material and interfacing electrical feedthrough/gas
inlet flange. It was mnoted that ion source pressures of 100 microns or
above were sufficient to produce strong currents., The source is illustrated
in Figure 3. A stainless steel water-jacket provides the necessary cooling.,
Power requirements for the tungsten filaments are:

(a) filament: 15V - 20A D.C, for 0.020" wire
15V - 12A D.C. for 0.015" wire
(b) anode: 0-1000V D.C,
Typical operating pressures depending on the specles studied varied from
approximately 25-200 microns as measured by a Norton (NRC) 531 thermo-
couple gauge and monitored on a Norton 804-~A five station controller. Gas
loads were controlled by a Granville Phillips variable leak which was

gently heated by wrapping with heating tape to retard condensation.

13



Figure 3

Schematic of Discharge Ion Source

A, Boron nitride housing

B. Tantalum anode

c. Boron nitride cap

D. Tungsten filament

E. Tantalum filament supports

F. Gas inlet

14






It was noted that with all specles observed the scurce had two
output ranges, one at low and one at high pressure. Ion currents with
polyatomic species such as CHQ were observed to range from ~25 pamps at
the anode exit to ~5 pamps upon entry of the Wien filter and to 10_7 amps
at the beam flag located immediately prior to the neutralizer entrance.
These currents were observed for 200V ions and were somewhat stronger
for beams of N2+ ions. The anode aperture can also be varied from a
diameter of 20 mils to 60 mils for beam intensity enhancement. All gases
were commercially available reagent grade obtained from Matheson. A
Keithley 610 CR electrometer was used tc monitor beam intensity along
the beam path before and after each experimental procedure., Beam
stability was observed to be a function of pressure, filament temperature
and initiation period at constant anode potentials., It was usually
allowed to stabilize over a period of several hours.

The extraction and focusing system consists of three elements - one
extraction cup and two cylindrical lemses., The cup and last focusing
element are maintained at ground potential; the ion source potential is
kept at positive acceleration potential. The first cylindrical focusing
element is electrically isolated and operated at a potential between that
of the ion source and extraction cup. Figure 4 illustrates the lens
system,

Focusing voltages are obtained from a Kepco, ABC 1000, power supply
with appropriate divider circuit (17). The focusing voltage is about 2/3
the acceleration voltage and the extraction field strength between the
ion source and extraction cup is maintained at 1-5 Kv/cm. For low ion

energies, a small extraction washer can be mounted on the cup to decrease

the distance between the source exit and extractor.

15



Figure 4

Schematic of Extraction Lens System

A,

B.

C.

Extractor
Einsel lens (focusing)
Ground potential lens

Stainless steel lens mount

16
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B. The Wien Filter

The Wien filter described by Wahlin (18) and used for some time in
ion-molecule beam experiments (19) consists essentially of a magnet and
a pair of electrostatic deflection plates. Figures 5 and 6 illustrate its
construction. The electrostatic plates are mounted between the magnet
poles which produces an electric field E perpendicular to the magnetic
field B.

When a beam of charged particles enters the filter with a velocity
v, it will be deflected by the electrostatic and magnetic fields but in
different directions, The magnitude of both these bending forces is

given by the equations

Magnetic force: Fy, = Be v (11)

Electrostatic force: FE = Ee 2)

where B is the magnetic field strength; E is the electric field strength
and e is the particle charge.

When the two opposing forces are equal,
Be v = Ee (13)

then the particles with velocity v, pass undeflected through the filter,
Particles having different velocities are deflected on either side of and

dispersed downstream from the filter.

In this experiment the beam is accelerated across a constant electric
potential before entering the filter. The velocity of each ionlc species

in the beam is given by

v = \IZeV/m (14)
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Figure 5

Schematic of Wien Filter

A, Magnet elements

B. Electrostatic deflection plates
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Figure 6

Schematic of The Wien Filter Indicating Magnetic and Electric Fields

A, Electrostatic plates

C. Magnet elements
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where m is the mass of the species, Thus different masses will be
separated by the filter since each has a different velocity.
This type of filter was used in early ion-molecule beam reaction
studies and has the following experimental advantages:
(a) it is a straight line system,
(b) the dispersion is adjustable.
(c) its size is small, i.e., up to about 50 times smaller
in weight and size when compared to the sector magnetic
analyzer.
(d) it will select v, for both positive and negative ions
simultaneously.
The Wien filter can also be used as a focusing element by adjustment of
one or two guard ring potentiometers. It is actually this strong focusing
property of the filter which has caused it to be little used since this
limits the length of the drift path between the filter and target. The
drift path magnifies the mass or velocity dispersion at the Earget.

The dispersion capability of the filter is determined by the following

formula:
L + a E Am
D A 'V " Ta (13)
2
and m = 2 e v(§>
where

D is the dispersion between masses m and (m - Am).
m is the mass passing through the filter undeflected and collected

as the center mass on the target.

20



2 is

(d
a is
E 1is
V is
B is

e is

the distance from the center of the filter to the target

rift gpace).
the filter length.
the electric field strength.
the acceleration voltage or ion energy.
the magnetic field strength,

the ionic charge.

m/Am is the maximum resolution; Am is the full width at half

maximum Intensity.

The Wien filter used in this project has the following specifications:

a

E

v

B

m/Am

0.076 m (3.00 1in)

approximately 12500 V/m at a maximum plate voltage of 225V

10 eV - 2 K eV
750 gauss

= approximately 200

Magnet power = 30 watts

Beam aperture = 0,75" x 0,75"

Weight: approximately 12 1bs

The filter is designed for vacuum systems up to 10_7 torr., Parts are made

of stainless steel, soft iron, teflon and alumina,

The magnet coils are

wound with 180°C magnet wire impregnated with Dow Cormning 996 varnish

suitable

c. The

for ultra-high vacuum, The coils are wrapped with teflon tape.

Deceleration Lens System

The deceleration system consists basically of six concentric cylinders

contained
connected

Figure 7

in a vacuum casing. Each element is electrically insulated and

to a ceramlic feedthrough. The unit can be baked to 225°C,

illustrates the system,
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Figure 7

Schematic of Deceleration Lens System

A.

B,

C.

D,

E.

F.

Entrance guard ring

Lens 2

} deceleration step 1

Lens 3
} deceleration step 2

Lens 4

Einsel lens (focusing)

Lens 6 (variable potential)

Beam entrance
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Element 1 is the entrance guard ring and is usually maintained at
the same potential as the undecelerated beam. Element 2 is at the same
potential as 1. In theory, the operation of the unit using, for example,

a 200 eV beam decelerated to 1 eV is as follows:

v ]m/vau ¢ " 200 (16)

After the beam passes through element 2 it is decelerated in two steps in
the regions between elements 2 and 3, and 3 and 4, respectively. The

voltage ratio for each step is

Vin/vout = 14 (17)

Element 5 is an einsel lens and has the function of refocusing the beam,
which is widely diverged upon leaving element 4,

The decelerator is designed to operate over an energy range of
approximately 0-1 K eV and decelerates beams to 1/200 (18) of their

original energy. It is bakeable to 250°C and weights about 2 1/2 1bs.

D. The Neutralizer
The electron gun, or neutralizer as it will be designated in this
section, was designed to meet three requirements,
(1) It should produce a very high output of electrons to
assure a high neutral flux.
(2) The electrons should be low energy electrons so that
the neutrals will not be highly energetic. Also,
recombination is favored at low energies.
(3) The physical dimensions should be reasonably short so

that the decomposition kinematics can be investigated.
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The initial calculations of neutral flux were based upon a configuration
similar to the one described by Weiss (20). The neutralizer is essen-
tially a planar diode with the grid located in close proximity to the
cathode. The anode and grid are held at the same potential. Spangenberg
(21) discussed this configuration and points our its similarity to beam
power tubes,

The current drawn from the cathode into the grid-anode region will
increase until space charge limited conditions are achieved. The current
density is then represented mathematically by the Child-Langmuir law (22).

This relationship is given below.

J = 8 A22V3/2 (18)
d
where J = current density in amperes unit area
A = area of emitting surface
V = extraction potential
d = distance between the cathode and grid-anode region,

Weiss points out that electrons injected into the grid-anode region in
which both the grid and anode are at the same potential V can produce
space charge limited conditions but having a potential below the applied
anode potential, He calculates this potential as being approximately
one-quarter (V/4) of that measured on the anode., This should signifi-
cantly favor recombination since V can be increased to obtain high current
density but due to the potential minimum the electrons remain "slow".
Figpre 8 illustrates the potential minimum and Figure 9 the neutralizer
configuration. For a gilven emitter area and distance between the cathode

and the grid-anode region, a plot of emission current versus applied anode

24



Figure 8

Space Charge Limited Potential Energy Minimum between Anode and Grid
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Figure 9

Schematic of Electron Gun

Anode

Grid

Chopping grid

Cathode on molybdenum support

Ion beam entrance

Deflection plate (ground potential)
Deflection plate (negative potential)
Molybdenum main support

Filaments
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potential should give a slope of 0.667 according to Equation (18).
Figure 10 illustrates the performance of a fully activated cathode,

From these data it can be seen that space charge limited conditions are
reached over a wide range of extraction potentials., Only the low energy
portion of this plot, however, would indicate the useful current for
recombination,

A second grid was added to the gun in order to gate or chop the
electron beam for purposes of distinguishing background neutrals from
signal neutrals. The passage of an ion beam through the background gas
can result in ion-molecule reactions and these will produce neutrals
which can interfere with the neutral particle detection resulting from
the recombination reaction. Most ion-molecule reactions have rate
constants in the order of 10'_9 cc/molecule sec as indicated by Lampe
et al. (23). Some of these exhibit a decline in the rate constant with
increasing relative velocity of ion and molecule. For an energy range
of ~10 eV some rates would not be affected and some would become negli-
gible, If we take an ion velocity of 5.5 x 105 cm/sec, the cross section

for ion-molecule reaction will be about 2 x 10_15 cm2

- I 9
npy ¥ I0 o x [M] = 2 x 10 neutrals/sec (19)

where the length of travel for the ion beam is taken as 5 cm and the
density of background gas as 4 x 109/cc (equivalent to a pressure of 10_7
torr).

Also, a major competing process with recombination is charge exchange.
The rate of neutral production from charge exchange is proportional to

the ion beam intensity and background gas pressure. Since the ion beam

current is constant, this process is not coherent with modulation of the

27



Figure 10

Cathode Emission Current vs Applied Anode Potential
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electron beam. This process of modulating the electron beam but holding
the ion beam constant is illustrated in Figure 11. The chopping gate is
provided by a Wavetek VCG, Model III, pulse generator.

The cathode used for high current density production was a Phillips
type A impregnated cathode., The cathode described in Reference (24)
consists of a porous tungsten surface impregnated with barium, calcium
and strontium carbonates. This surface is brazed to a molybdenum body.,
Upon activation, a mono-molecular layer of barium is formed on the cathode
surface and emission results. Figure 12 illustrates the cathode used in
this experiment,

The neutralizer sits on an aluminum pillar block, adjusted and
aligned for ion beam penetration centered between the grid and anode
region, The cathode is housed in a molybdenum frame and 0.010" tantalum
foil heat shields are placed between it and the frame. The chopping grid
support is also molybdenum with 90% transparency tungsten mesh spot-
welded to its surface. The interaction region grid support is 304 stain-
less with 907% transparency tungsten mesh similarly spot-welded to it.

The reaction region anode was constructed from molybdenum,

Ceramic insulators used between the neutralizer elements and also
as filament supports were constructed from Aremco 1100 machinable ceramic
and fired at 1400°C afterward. The cathode was indirectly heated by four
0.010" tungsten filaments powered by a Kepco KS36~5M supply. Typical
operating conditions for the filament assembly were 18V at 5 amps.

The cathode was initially activated over a period of 24 hours by
raising its temperature to near operating condition and letting it remain
at this temperature with 20 volts extraction potential on the chopping

grid. After activation the cathode is very resistant to contamination by

29



Figure 11

Schematic of Pulsed Signal and Background Phases
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Figure 12

Schematic of Phillips Cathode

(dimensions given in inches)

A. Molybdenum support

B. Tungsten cathode (Phillips type A impregnant)
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exposure to atmosphere. The same cathode was employed for a one-year
period during development before replacement was necessary.

Immediately following the interaction region and mounted on the
neutralizer support block are two deflection plates. These were made
from 304 stainless steel and are maintained at a potential high enough
to deflect the unneutralized portion of the primary ion beam. The
deflection voltage is dependent on the initial energy of the primary
beam and determined experimentally for each set of conditions. Deflec-
tion voltages were determined by monitoring the primary ion beam with

a Keithley Model 610 CR electrometer,

E. The Detector
The detector consists of the following components, each of which
will be described in detail:
(a) High efficiency ionizer.
(b) Spherical deflector.
(¢) Quadrupole mass filter fitted with a Bendix
Model 306 magnetic electron multiplier,
(d) Both a Keithley 610 CR electrometer and

Ortec pulse counting equipment.

(a) The High Efficiency Ion Source

In an experiment of this nature where the total number density

of recombination neutrals would be considered very adequate for detection

as charged particles, the critical parameter is the ionization efficiency

of the detector train, Efficiencies on the order of ~0.1% are considered

good when extractlon optics, usable emission current and ionizer geometry

are taken into account,
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The ionizer used in this research was obtained from Extranuclear
Laboratories, Inc., Pittsburgh, Pennsylvania, Model 041-1. It has an
efficiency of approximately 0.1% for thermal energy N2 beams as reported
in Reference (25). The ionizer is illustrated in Figure 13,

In the operation of an ion gun used to obtain strong ion intensities,
the ion region geometry is an important consideration. The neutral beam
enters the Model 041-1 ionizer and passes along the axis of a cylindrical
grid which accelerates electrons toward this axis from four filaments
surrounding the grid in the form of a square (also shown in Figure 13).
This geometry creates four crossing electron beams for maximum interaction
between electrons and the neutral beam. Tungsten wire, 0.010" in diameter,
is used for filament material. Emission currents range from zero to 50
milliamperes at 100 volts electron energy., Extranuclear Laboratories (26)
indicate that at high emission current levels, a quasi-plasma is built up
in the ionizer and ion-space charge dominates over electron space~charge.
Ion-space charge is thus a significant factor in gaining high ionization
efficiencies.

The ion optics include a lens which acts as an electron barrier.
Without such a barrier, the electrons from the ionizing beam are capable
of scattering from residual gas and traveling along the mass filter during
the time in each RF cycle when the field inside the filter approaches zero.
If this occurs, the electrons can ionize residual gases at the exit end
of the quadrupole immediately before the ion detector producing untunable
noise throughout the mass spectrum. The electron barrier prevents this
from occurring and results in an improved signal to noise ratio.

The ionizer operating conditions for the experiment described herein

are
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Figure 13

Schematic of High Efficiency Ionizer

A.

B.

C.

D.

E.

F.

Filament shield
Ion region grid
Extractor

Lens 1

Lens plate

Lens 2

Lens 3
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