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Abstract

The linear induction accelerator, RADLAC 11, is
being upgraded to produce a 20-MeV, 40-kA, annular
¢lectron beam. Prior to the upgrade, RADLAC II
produced a 15-MeV, 15-kA electron beam. Modifications
to the pulsed power, injector, and magnetic transport
have resulted in a faster rising flat-topped volctage
pulse. A high quality, 40-kA, 2.0-cm diameter beam
with a low perpendicular thermal velocity, Blc, has
heen produced from the injector, f|<0.2. The high
quality beam has been accelerated through two
accelerating gaps. The final four accelerating stages
are being added to RADLAC 11 and transport experiments
through the full accelerator are beginning.
Simulations show the beam quality will be maintained
through the entire accelerator.

Introduction

RADLAC 11 is a pulsed, high gradient linear
irduction accelerator. The electron beam is produced
in a 5-MeV injector and transported in a 20-kG magnetic
cuide field through six, 2.5 MeV accelerating gaps that
were designed to minimize beam instabilities.l The
performance of the accelerator has been improved by
straight-forward changes to the pulsed power and
medifications to the injector,2v3 The upgrade was
performed in three steps. The first step was
installation of the modified pulsed power feeding the
injector, the second was adding two accelerating
stages, and finally, we are going to the full
accelerator.

Pulse Power Modifications

In the final upgraded accelerator, four Marx
renerators rather than two, will be used to drive four
Hermes-111T intermediate storage capacitors (ISC)‘A The
oil-water interfaces were relocated to provide
svimmetrical, low inductance feeds (Fig. 1). Each ISC
charges two pairs of pulse-forming lines (PFL) through
low inductance, low jitter, laser-triggered gas
switches developed for PBFA I1.° The PFLs were
lengthened to increase the pulse width from 40 to
50 ns. The improved geometry and electrical properties
of the new pulsed power confipguration provide for
faster charging times and enables two self-breaking
water switches per line to close, rather than one,
resulting in a flat-topped voltage pulse at the diodes.
Figure 2 is a comparison of the old and new diode
voltage waveforms.
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Figure 1. Diagram of the upgraded accelerator showing

component layout.
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Figure 2. Comparison of the old and new diode

waveforms.
was 85 kV.

The Marx charge in both cases

Injector Experiments

Before the upgrade the RADLAC-II injector produced
a 3-MeV, 15-kA, 40-ns electron beam. Time integrated
x-ray pinhole photeographs of the old injector showed
the beam was large and had a halo that was
approximately the same diameter as the drift tube,
Figure 3(a). Particle simulations for this geometry
indicated there was a large loss of shank current (60%)
due to the loss of magnetic insulation on the cathode
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Figure 3. Comparison of x-ray pinhole photographs
from the old injector (3a.) and the new

injector (3b.)

shank. There was also electron emission from the face
of the cathode holder allowing electrons to fill the
drift pipe. Nonuniformities of 40% in the magnetic
guide field also contributed to the poor beam quality.
These coils were replaced by new magnets that produced
fields with variations of only 15%.

The cathode shank was redesigned to reduce spurious
electron emission and maintain magnetic insulation to
minimize electron losses.3 The modified injector and

CH2669-0/89/0000-1005301.00©1989 IEEE

PAC 1989



the improved rapnetic field produced a 2-cm diameter,
5.3-MeV
photopraph of a beam produc
f| tor this beam was 0.16.
velocity can be calculated directly from measurcements

47-kA annular beam. Figure 3(b) is a pinhole

1 by the new injector. The
The maximum perpendicular

of a time-integrated, x-ray pinhole photograph. The
measured anmulus width is a function of the cathode
dimensions, the applied magnetic field, the beam encrpy
and camera peometry. There are known gquantities and
can be used to calculate Hl from Larmor radius
effects .6 Typical measured values for 8} ranged from
0.1 to 0.19 and agreed with the values obtained from
particle simulations.

The measured injector currents arve consistent with
the space charge limited currents predicted by analytic
theory. The space charge limited current is given by:7
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currents is shown in part a. The geometry

is shown in par:z b.
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Acceleration Experiments

The next phase of the experiment was to asccelerate
the beam through one Hollow electron
beams with energies of 3.5 to 4.2 MeV and beam currents
of 25-35 kA were produced in the irjector and
accelerated to final energies of 5.6 o 6.3 MeV. The

accelorating gap.

pinhole photographs indicated there was some expansion
of the beam and some thickening of the annulus. The
final B| for these beams was 0.08-0.12. Figure 5 shows
a pinhole photograph of one of the accelerated beaws.
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Figure 5. Pinhole photograph of beam after

acceleration through one gap.

The beam was then accelerated through two
accelerating gaps resulting in final encrgies of 7.3 to
8.3 MeV and currents of 27 to 36 ka. A pinhole
photograph for one of these shots is shown in Figure 6.
The final 8] for these beams was 0.09 to 0.12. Again,
these values are consistent with particle simulations.

Pinhole photograph of beam atter
acceleration through two gaps.

Figure 6.

The full accelerator has now been installed and
experiments have begun. The final accelerator will
produce a higher current, higher encrgy,
beam.

better quality
Table 1 stows the comparison between the old
beam pavamneters and the predicted parameters for the
upgraded accelevator, based on the

wperimental
results.
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Table I

Comparison of RADLAC-IT Beam Parameters

Parameter Before Upprade After Upgrade

20 MeV
(2.5 MV/stage)

14 MeV
(1.75 MV/stage)

Energy ((1~L)mc?)

Current (1) 18 ka 42 kA

Beam Radius () 1.4 cm 0.9 cm
Perpendicular 0.16 ¢ 0.05 ¢
Thermal

velneity (fc)

Normalized 7.5 rad-cm 5.9 rad-cm

Fmittance

Including

Fotation (gp)

123 A/(rad-cm)?

; N )
Priphtness (By) 33 A/ (rad-em) <

Parameters from before the upgrade are based on
meascred output from the Parameters for
the uvpgraded bean are based on particle code
predictions of accelerator performance using measured

accelerator,

input beam parameters from the first step injector
is defined

wxperiments.  The rormalized emittance, ¢g,
2 L2
£, -J(“Bl yor (Bl
11 2
whevre (Pﬁ/c) =5 "3 rk Bk

mc

In the accelerator magnetic guide field, rk and By are
vhe cathode radius and magnetic guide field at the
cathode, and (Pyp/c) = ryfs after extraction from the
magnetic guide field. The brightness is defined as?

Conclusions
irproved the performance of the RADLAC-TI
accelerator. An injector has been developed that
produces a high voltage, high curvent, high quality
The beam has been accelerated stably
Similations and

We: have

anmlar beam.
through two accelerating gaps
cuperiments indicate the full
a 20-MeV, 40-kA anmalar beam with a ﬁl < 0.2,

Acknowledgements

to thank the RADLAC-I1
Tom Coffman, Janet Finch,
Their efforts have

The authors would like
techniciang: Dennis Bolton,
Mike Harden, and Chip Olson.

contributed to the success of the experiments. This
work was funded by the DOE under contract DE-

ks S7ODPO0TRT 0 DARPA/AFWL under ARPA Order 5789, and
DARPA/NSWE under ARPA Order 4395,

accelerator will produce

{1]

(5]

References

S. L. Shope, et al., "The Design of the
Accelerating Gaps for the Linear Induction
Accelerator RADIAC-I11," Proc. 1987 IEEE Particle
Accelerator Conf., Washington, DC, March 16-19,
1987, p. 978.

D. L. Smith, et al., Sandia Report SAND38-1158,
Sandia National Laboratories, Albuquerque, NM,
June 1988,

M. G. Mazavrakis, et al., "Low Emittance Immersed
and Non-Immersed Foilless Diodes for High Current
‘lectron Linacs," Paper M 26 this conference.

J. J. Ramirez, et al., "The Hermes III Program,"
Proc. of the Sixth IEEE Pulsed Power Conference,
Arlington, VA, IEEE Cat. NO. 87CH2522-1, June
1987, p. 294,

D. R. Humphreys, et al., "RIMFIRE, A Six Megavolt
Laser-Triggered Gas-Filled Switch for PBFA II,"
Proc, Fifth TEEE Pulsed Power Conf,, Arlington,
VA, IEEE Cat. NO, 85C2121-2, June 1985, p. 262.
D. E. Hasti, et al., "RADLAC-II Upgrade Injector
Experiments," Sandia National Laboratories Report,
SANDE8-1032-UC-28, May 1988.

E. Ott, T. M. Antonsen, Jr., and R. V. Lovelace,
Phys. Fluids, 20, 1180 (1977).

E. P. Lee and R. K. Cooper, Particle Accelerator,
7, 83, 1976.

T. C. Marshall, Free Electron lasers, MacMillan

Publishing Company, New York, 1985, p. 103.

PAC 1989



