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ABSTRACT

The efficiency of the carbon arc to dissociate diatomic hydrogen and
deuterium ions has been measured for ion energies of 600 kev. The measured
dissociation efficlency for hydrogen was 10.6 f g:; per cent and for deu-
terium 16.4 f i:g ver cent. It was found that the dissociation was
dependent upon the electrode geometry, distance of dissociation from anode,

and measured arc current.




Introduction

Previous measurements(l) have indicated that the cross section for
dissociation of the diatomic hydrogen ion by impact with a gas atom is a
slowly varying function of the particle velocity. In the energy interval
between 500 kev and 2.25 Mev the cross section has a 1/v dependence for
light target gases, hydrogen, and helium; however, for heavier gases, ni-
trogen and argon, the cross sectlion decreases oniy 10-20% throughout the
(2)

energy range. Salpeter , using a Born approximation, predicts the cross

section to have a l/v2 dependence in gases. Since no adequate explanation

(3)

has been advanced for the high efficiency of the carbon arc to dissoci-

ate H2+ at energies of 30 kev, it was believed advisable to extend the

dissoclation efficiency measurements to particle energies up to 600 kev.
With the efficiency of the carbon arc and the cross sections for various

loss processes known, & calculation may be made to determine the rate of

(1)

entrapment of proton in DCX.
If it is assumed that dissociation of the diatomic ions is the

resultant of particle interaction (although electron and photon reactions

are not certainly excluded), then one may write the following probable

reactions leading to dissociation:

(1) H2++Cn———)H°+H++Cn

(2) H2++Cn-——-——)2H++e+Cn

(3) H2+ s 0 —— y2mt 4+ o™t
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where n may vary from O to the highest states of ionization in the arc.
The first two reactions involve electronic excitation, while reaction 3 is
a charge exchange reaction with the carbon ion capturing the electron from
the diatomic ion. The present experiment cannot distinguish between (2)
and (3); however, by using a charge balance between H° and H' one can
determine roughly the fraction of the reaction proceeding by (1) and the
fraction proceeding by (2) plus (3). The terminology used in this paper
will be that (1) is a simple dissociation reaction, (2) is an ionizing
dissociation reaction, and (3) is a charge exchangg reaction. One cannot
exclude entirely dissociation due to excitation of the vib;ational levels
of the molecule on collisions with arc electrons. For simplicity, the
dissociation efficiency will be defined as the ratio of the H% current to

the sum of the H+ and the H2+ current.

Apparatus and Procedure

A schematic diagram is shown in Fig. 1. The ions were formed in a
conventional RF ion source and accelerated to 600 kev by the ORNL cascade
accelerator. Mass analysis was accomplished by means of a 90° magnetic
analyzer. The analyzed ion beam was defined by a movable 1/8 inch aper-
ture placed directly in front of the solenoid containing the carbon arc
chamber. On the exit side of the arc chamber was a fan-shaped vaéuum cham-
ber iﬁ which an ion detector could be moved vertically to measure the
various beams emerging from the chamber. The backing plate of the chamber
consisted of quartz windows so that the various beams could be observed

visually.
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The initial beam was analyzed into five separate beams by passing
through the solenoid. In the region between the solenoid and the
analyzing magnet, a fraction of the diatomic ions was dissociated into
protons and neutral atoms. The protons from this dissociation were de—
flected through a large angle by the solenoid field, whereas the neutral
particles traveled in an undeflected trajectory. 1In addition to these two
beams, there was also a proton and neutral particle beam resulting from
dissocliation in the arc. This neutral beam was separated from the pre-
dissociated beam since the Hz+ was deflected by the magnetic field before
suffering a dissociation collision in the arc. There was also present the
bean of E," which had not been dissociated.

The dissociation process was found to take place along the diameter
of the arc, resulting in the protons and atoms being formed at different
positions in the magnetic field. This caused a vertical spread of the pro-
ton and neutral beam of appfoximately 1 inch, which was larger than the
detector aperture. In measuring ion beam intensities, the detector was
moved at a constant linear rate across each beam by a synchronous motor
and the beam current measured bj an electrometer whose output was plotted
by a Brown recorder. The area under thé recorder trace was integrated with
a planimeter to determine the beam intensity. The procedure consisted of

+ o+

measuring, in turn, H2 , H, H°, and H2+. When the two H,* recordings

2
differed by more than 10 per cent, the rﬁn was discarded.

A more detailed diagram of the solenoid and.arc chamber is shown in
Fig. 2. The chamber was an evacuated stainless steel tube 6 feet long and
4 inches in diameter. Surrounding this tube was the magnetic coil consis-

ting of seven layers of water-cooled copper tublng, each layer containing

-
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3.2 turns/inch. The coil was broken in the center to provide a gap of 2
inches for the beam entrance and exit ports. Inside the tube was a 3 inch
diameter water-cooled copper liner to dissipate the power radiated from
the arc. The arc electrodes were Union Carbide C-18 grade graphite
pressed into water-cooled copper sleeves. Quartz tubing was placed around
the cathode assembly to prevent arc-over in the fringing magnetic field
region. Various configurations of anodes were used; and these will be
discussed below. The anode and cathode assemblies were mounted so that the
arc length could be varied between 6 inches and 4 feet.

The detection of the eneréetic particles was complicated by high RF
fields produced by the arc, and also by a copious supply of photoelectrons
ejected from the detector and from walls surrounding the detector reéion by
the intense ultraviolet radiation from the arc. The detector found most
feasible consisted of a Faraday cup and biased suppressor ring mounted in-
side a completely shielded box through a 50 p-inch Ni foil soldered over a
3/8 inch aperture. The foil was sufficiently thick to insure an equilib-

- yium charge distribution between energetic positive ions and neutral
particles emerging from the back surface. The characteristic charge dis-
tribution was independent(s) of the initial charge stgte and dependent only
on the particle energy and foil thickness. The incident H2+ beam was
immediately dissociated at the surface of the foil, resulting in two
particles of half energy, each of which registered with the same

efficiency as the H° and :



-s-

The procedure used in striking the carbon arc was the one customary
with shorter DC arcs.(3) To the arc electrodes were applied 250 volts,
D. C. (open circuit voltage of the four series-conmnected welding generators
which supplied arc power) and a comparable RF voltage. When gas was
admitted through a passage in the cathode, an RF arc appeared, followed
immediately by the main discharge. The RF voltage and the gas input were
removed as soon as the DC arc had fired. Thereafter, the arc was supported
solely by carbon vaporized from the electrodes. Three hundred amperes was
the customary arc current, and voltages ranged from TO to 160 volts,
depending upon arc length. The relationship is shown in Fig. 4, in which

the slope of the curve is found to be 1.0 volt/inch.

Results
For a 600 kev~H2+ particle the average efficiency obtained was

+ 2.1
10.6 _ 0.9

16.4 + 1.6 per cent for a D +-particle of the same kinetic energy. These
- 1.2 2

per cent, which may be compared to an average efficiency of

efficiencies were measured at a distance of six inches from the arc anode.
The arc conditions were (1) 300 amp arc current, (2) 3/8" dia. cathode,
and (3) 3/4" dia. anode. The errors are the maximum deviations from the
average value. Attempts to measure the velocity dependence of the effi-
cilency with an H2+ beam were unsuccessful due to difficulties encountered
with the detector at lower particle energies. If it is assumed that the
deuterium ion and hydrogen ion will have the same inelastic collision

cross section at identical velocities, then the above values are consistent

with a 1/v dependence for the efficiency. It is not readily possible to
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compare these figures with those measured at lower energies in another
geometry (3) because the distance from the anode is a critical factor, as
wlll be seen.

By making a charge or particle balance between the dissociated beams

+
2 J

fraction of the reactions proceding by simple dissociation or by an ioniz-

of H® and HE' and the undissociated H it is possible to determine the
ing dissociation and charge exchange. For the Hz+ particles, the fraction
going as simple dissociation was found to be 80% for a 600 kev. beam. For
a deuterium particle, this percentage decreased to 65%. This may be con-
trasted with dissociation of H2+ by gas impact where it was found(l) that
the fraction of the reactions going by simple dissociation was independent
of the particle velocity in the energy range of 500 kev - 2.25 Mev. How-
ever, the fraction was dependent on the nature of the target atom,or
molecule. In the present experiment, there could not be excluded the
possibility of the ionization in the arc of some of the H® produced by
dissociation in the arc.

In a device such as DCX, it is desirable that the dissociated B
particle, with its multiple traversals of the arc, does not capture an
electron from either the free electrons or the charged or neutral compo-
nents of the arc. To determine the magnitude of the electron capture, a
300 kev proton beam was passed through the arc and the appropriate region
wvas scanned for the presence of neutrals. It was possible to place an
upper limit of less than one part in 105 for the electron capture. This

upper limit was determined by the sensitivity of the detector and the

background in the detector circuit.
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Numerous changes were made in the gecmetry of the electrodes to
determine optimum conditions. The initial geometry consisted of a cathode
1/2 inch in diameter and 10 inches long, with a 1/8 inch longitudinal bore
to admit gas to the arc. The anode was 1-1/2 inches in diameter and 1-1/2
inches long. Visual observation showed the arc to be diverging to approxi-
mately 1 inch in the center of the solenoid. This divergence was the
result of magnetic field bowing in the 2 inch solenoid gap which was
necessary to provide an entrance and exit aperture for the particle beam.
This visual observation was confirmed by placing a carbon disc in the cen-
ter of the solenoid and measuring the diameter of the hole burned through
it.. If the dissociation of the carbon arc wgs'the result of particle inter-
actions, which would be proportional to the density, then the density of
particles would be smaller in the bowed region which would result in
dec;eased dissociation. To decrease the diameter of the arc, the cathode
diameter was decreased to 3/8 inch. With this smaller cathode, the diam-
eter of the arc in the central region was 3/h inch. Attempts to decrease
the diameter of the cathode to 1/4 inch were unsuccessful; the cathode;
shattered when current was passed through them. Pre&ious experimente(s)
have indicated that the efficiency for dissociation at low particle ener-
gies is dependent on the temperature of the anode. By decreasing the anode
diameter to 3/4 inch, the radiant heat was decreased with a gain of a
factor 1.3 in the dissociation efficiency.

The efficiency of dissociation was found to be dependent upon the
distance of the anode from the axial position of the beam path. In Fig. 5

is shown the efficiency as a function of this distance to the anode (for a

.
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1.5 inch anode diameter). In moving the anode from a position 3 inches
from the H2+ beam to 21 inches, the efficiency decreased from 10.1% to
4.9%. Also shown in Fig. 5 is the total radiant energy as a function of
the anode distance. This was measured by a thermal detector placed in the
same position as the particle detector. This thermal detector consisted of
a copper ring with a 25 p~inch Ni foil soldered to the front surface.
Soldered to the center of the Ni foil was a fine Cu wire, which fo;med a
thermocouple indicator with low heat loss, short time coﬁstant, and sensi-
tivity the order of u-watts. Absorbers of glass, quartz, and fluorite ;11
absorbed greater than 95% of the radiant energy emitted by the arc. It
will be noticed in Fig. 5 that the slope of the radiant energy curve is
similar to the slope of the dissociation efficiency. Both the efficiency
and the radiant energy were independent of the cathode position. It may be
inferred from the radiant energy curve either that the density of radiating
particles is increasing or that the state of excitation of the particles is
increasing as regioms closer to the anode are examined.

In Fig. 6 is plotted the dissociated H+ current as a function of the
measured arc: current. The arc current was varied from 160 amps to 325 amps
with a corresponding 1.3-fold increase in the H+ current.

Atteﬁptﬁ to measure the attenuation of various beaﬁs by measuring
currents witﬁ and without the arc were unsuccessful due to the pumping
action of the carbon arc. The pressure in the solenoid was reduced by a
factor of three with the carbon arc operating, following an initial out-/

T

gassing period. The lowest pressure obtained in the vacuum system was

~

e
P
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b x 10-6 mn Hg. as measured by a VG-la ionization gauge placed eight
inches from the arc along the beam tube.

Experiments are continuing on the dissociatiqn produced by the carbon
arc at lower particle energies. Also, various ;nergetic particles are

being'étudied to learn more about the nature of the processes taking

place.
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