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SECTION I-

INTRODUCTION

With the observation of ‘electron-beam-accelerated MeV-ions: -
by Ion Physics Corporation last year (Reference 1), considerable
iﬁterest haS’beén’generated'over-the'prOCess. " Last spring, a

small research group was formed at Physics International and

"work was begun on a series of exploratory measurements (Reference

2 and 3). In the most recent experiments, measurements were
made to allow some correlation between the physics of the electron

beam and ion acceleration.

In addition to the process of acceleration, we were interested
in understanding the capabilities of low—energy, very high—current
electron beamé to.provide suitable acceleration conditiohs.- The
possibility of a strong current dependence, as observed by Graybill
and Uglum (Reference 1) and as suggested theoretically by Putnam

(Reference 4), indicated that an economical accelerator approach

might be found in these low-energy, high-current beams.
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- SECTION IT -

EXPERTIMENTAL PROCEDURE

Basically, the experiments censisted of injecting a pulsed
electron beam into a gas-filled drift chamber. Ions formed and
accelerated in the chamber were analyzed downstream (Pigure 1).
The details of thlS apparatus have been described in Reference 3.
The net current was measured in the drift region with four
Rogowski coils.” The ions formed andxaecelerated in the drift.
chamber, along with the remnant of the electron beam, were trans-
ported into an evacuated region where the electrons were removed
with a sweeping magnet. The ions were then observed with ‘current
coilectors;_passed-through a collimator, momentum analyzed in a

magnet, and finally collected on nuclear emulsion plates. The

- nuclear emulsions, combined with momentum information from the

magnet, formed our principle ion~detection technique.

The experiments were performed with beams of 250 keV to 1 Mev

mean electron energy and corresponding peak diode currents of 200

‘to 100 kA. Pressure in the drift region typically was 200 u for

hydrogen and helium and 20 M for nitrogen and argon.

The PI 738 Pulserad fac111ty was used for these two experlments
and is descrlbed in Reference 5. : :
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SECTION III

RESULTS AND DISCUSSION

Flgures 2 and 3 present nuclear emu131on data for hydrogen

| and hellum drlft gases, The particles in both cases were identi-

fied by requiring agreement between range and momentum information.
In Figure 2, a selection of photomicrographs of the emu151on plate
for a 250 keV pulse in hydrogen and the corresponding proton mo--
mentum spectrum are shown. From the track densities, one can-
resolve the mdmentumipeak. The narrow peak width is consistent
with our collimator-resolution and represents an energy-spread

é,lS% FWHM at 840 kev. Time-of—flight data indicate a second
peak with a momentum of 32 MeV/cm but this fell below the spectro-
meter cut-off. '

"Figure 3 shows similar data for a 650- keV pulse in hellum.
The photomlcrographs show the dlfferences in range which were
observed for various particles. (This pulse did not have the.
usual multiple energy peaks.) The clear dependence of ‘ion energy
on charge is evident--we have 1.8 MeV protons and helium+l ions,
and 3.6 MeV helium+2 ions. The mementnm spreads are again con-
sistent with our resolution. (The presence of protons on this
pulse in which the drift gas was helium is presumably due to
outgassing of considerable amounts of water from the nuclear
emulsion.) o

Similar pulsing in nitrogen and argon also shows a linear
dependence of ion energy upon charge (Figure 4) . ' We have observed
a linear dependence over the range from 1 to 40 times the proton
mass and from one to six times the charge, which is in agreement
with the tlme of-flight measurements of Grayblll and Uglum
(Reference 1).
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To understand the propertles of high-current, low-energy
'electron beams in ‘this process, we performed an energy -current
scan from 250 keV to 1 MeV and from 200 to 100 kA.' Dlsplayed in
Flgure 5 are the number of pulses with a maximum proton energy
in a 200 keV wide bin. - The value of v/y given is a rough measure
éﬁ of the ratio of the transverse to longltudlnal energy components
- in the electron beam. e

From this survey, we can make two observations: First, as

“”j the electron energy 1is increased, and the current lowered' we
observe that the acceleration process becomes much more repro-

ducible, i.e., we note a decrease in the scatter ‘of maximum

proton enexrgies as~v/y is reduced. Second, we observe a shift
in the mean proton -energy from 1.65 + 0.35 MeV at 650 keV, to
E! : 2.03 ¢+ 0.18 MeV at 1 MeV mean electron energy. This shift in

energy may be due to the difference in electron beam energy. The

S

~data of Graybill and Uglum (Reference l) and theoretical studies by

Putnam (Reference 4), however, emphasize current dependences so both

the diode current profiles and the net current in the-drift_chamber

were examined (Figure 6). It was observed'that the 650 keV diode

I current is larger than the 1 MeV case and as such can not explain

the ion energy difference. The net current, however, shows that
for the first 10 nsec or so the 1 MeV beam produces a higher net

current. The onset of acceleration occurs at the first peak in the
net current. profiles, about 7 nsec after t = 0. If the shift in
§£ energies is due prlmarlly to net current varlatlons, then it appears

that there is a Strong current dependence.

| Using fast current probes, the time of flight was measured
for the electron beam front in the drift chamber. Figure 7 shows
the data for 250 and 650 keV beams. We typlcally observe a delay

of 5 to 30 nsec wherein the beam front hovers within 5 cm of the
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anode after first being introduced into the chamber. This time
appears to be related to obtaining a balance between space charge
and the magnetic forces of the beam. Using a simple model assuming

only collisional ionization, this time can be expressed as

=t —

noBy- c

where n' = drift gas number density, ¢ = ionization cross-section,
and B,y refer to-the mean electron energies. At this time, the
ratio of ions to electrons is l/Yz. ‘After this balance is-achieved
the beam front velocity increases. It is just at:this moment that
we observe the beginning of ion acceleration using time-of~-flight
data. (The shift in this time from 250 keV to 650 keV is due to
the difference in l/BY2 in the expression above.) This is the
same delay Graybill and Uglum subtracted from their proton timing
data to obtain straight-line fits for different gas pressures

(Reference 1).

We attempted to alter the process by changing both the drift
pipe diameter and the cathode geometry. Cathodes were used that
gave either a solid or hollow electron stream in the first 20 nsec.
No significant changé was observed, either in maximum proton energy
or in mﬁltiple energy peak positions. PFigure 8 presents cases where
both cathode geometry and pipe diémeter were varied simultaneously.

There were no large shifts of either the first or second peak.

Summarizing all of our data the following observation can be

made :

l. Particles from protons through argon ions have been

accelerated.

12
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2. Particie energy depends linearly upon charge.

3. The energy per charge is not strongly dependent upon drift
gas or pressure. T

4. The partlcle energy becomes more reproducible with hlgher
energy, lower current beams.

3. The energy is insensitive to drift plpe diameter or
injection condltlons, i.e., hollow-solid cathodes.

6. The proton energy peak widths are < 15 ~ 20% FWHM (consistent
with our limits of resolution). |

7. Multiple energy peaks are observed with our beam.

8. The beam front begins to'propagate and ions are accelerated
1

1 ncByz c

to 10 4 particles, assuming production -

‘when force neutralization occurs (t = ——"rn—).

9. Fluxes of-1012

into a steradian, are accelerated per beam pulse.

Concerning the use of high v/y beams, we found that energy
reproducibility suffered with higher v/Y. Further, we found that
high diode currents do. not translate directly 1nto corresp0nd1ngly

high net currents at the tlme when acceleration occurs.

14
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