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Experiments to form, compress, and accelerate com-
pact toroids are described. A I-m-diam, two-stage, puffed
gas, magnetic field embedded coaxial plasma gun is
used. Emphasis is on conical compression. Discharges
were in the several mega-ampere, few microsecond rise
time range. Magnetic probe data suggest that 1/(r- or)
compression of the toroid field is achieved, consistent
with theoretical prediction. The magnetic field pulse
and electron density pulse due to the compact toroid
correlate in space and time. The compact toroid spe-
cies is the injected gas species and precedes electrode
plasma by several microseconds. The poloidal magnetic
Jield precedes the azimuthal magnetic field. The time
of arrival of the axial magnetic field compared with the
axial position is consistent with the mean current axial
position trajectory obtained from inductance growth.

INTRODUCTION

The Phillips Laboratory magnetically accelerated
ring to achieve ultrahigh directed energy and radiation
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(MARAUDER) compact toroid program is studying
the formation, compression, and acceleration of com-
pact toroids. This effort was inspired by the Lawrence
Livermore National Laboratory RACE compact toroid
acceleration effort.! Compact toroids are magnetized
toroidal plasmas with linked poloidal (axial-radial) and
toroidal (azimuthal) closed magnetic field surfaces. The
magnetic field distribution is nearly force free, and in
a relaxed compact toroid, the free energy is minimum
for a given helicity, a conserved quantity.

The helicity is K = [ A X Bd (volume), where B =
V X A. The helicity is approximately a product of
the poloidal and toroidal magnetic flux. This is a mea-
sure of the linkage of the poloidal and toroidal mag-
netic flux. The relaxed state is referred to as the
Woltjer-Taylor state, or the Taylor state. The Taylor
state magnetic field distribution depends on the con-
fining electrode geometry, called the flux conserver
geometry.?

The compact toroid is resilient and has considerable
stability under acceleration and compression by mag-
netic pressure, provided the accelerating field is less
than the compact toroid magnetic field. The ability to
accelerate and compress compact toroids without fluid
instability growth may have important applications to

fusion, including magnetized target fusion® and inertial

confinement fusion. This stability under compression
and acceleration enables much longer compression/
acceleration times and distances than in ordinary Z
pinches, the latter being limited by instability growth
to ~0.1 ps and a few centimetres* versus many micro-
seconds and metres for compact toroids. Thus, much
easier, less expensive pulse power may be used with com-
pact toroids, enabling less expensive scaling to higher
energy.
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