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DENSE Z~PINCH PLASMAS

J. S. Shlachter, J. E. Hammel, and N. W. Scudder

Los Alamos National Laburatory
P. O. Box 1663, MS F640
Loo Alamos, NM 87545 USA

Introduction
Early researchers racognized the
desirable featuras of the linear Z-pinch

configuration as a wmagnetic fusion sacheme.
In particular, a Z-pinch reactor might not
require auxiliary heating or external field
coils, and could cons:titute an uncompli-
cated, high plasma P geometry. The simple Z
exhibited gross MHD

instabilities that disrupted the plasma, and

pinch, however,
the linear Z pinch was abandoned in favor of
more stable configuratione. Recent advances
in pulsed-power technology and an appre-
clation of the behavior of an

ohaically heated Z pinch have led

dynamic
to a
reexamination of the Z pinch as s workable
fusion concept.

Analytical

work [1] and

Hammel [2 ] has revealed the necessity for

by Haines

rapid current rise rates during the

formation and heating phasas of a

quasi-equilibriuma pinch, and this 1in turn

has indicated the need for high voltage
discharges across the inductive plasma load.
To prevent the collapse of an annular, high
formed off the

walls of the discharge chamber, the concept

iwpurity-fraction plasaa
of an 1isolated Z pinch was daveloped. A
comparison of the heating time scale and
time (Alfvdn

transit time across the plasma column) with

cenonical instabiiity growth

the burn time required by the Lawson
criterion has demonstrated the advantages of
high plasma density operation. Prelinminary

reactor calculations (3] suggest that a
pulsed dunse Z pinch could produce 4.4 MJ,
140 kJ

represents an

for en input energy of only in a

single, 2-us burn. This

extremely attractive scheme in spite of the

many present phyeics uncertainties. OQur
group at Los Alamos has been investigating
isolated high deneity Z ,inches 1in three
diatinct embodiments:
vall-limited

pinchea.

gas-egbedded pinches,

pinches, and solid fiber

Gas-Eabadded Z Pinchea

The firat series of ._xperiments in our

program involved the formation of a plasma
(30-cm
filled with high praessure

channel down the axis of a large
radius) chamber
gas (1/3 -

between the electrodes in the chamber forms

3 atmosphere H,). The gas

the load for the 12-kJ pulsed power amystem
(Fig. 1).
the balance betwsen plasma internal pressure

The Bennett aquation describing

and magnetic field pressurae,

12(Aaps) = 6.4 x 10712 N(@™!) T(ev),
indicates the need for manageable plasma
line density, N, in order to achieve a high
plasma

temperature, T, at an acceptable

driving curreat, I. At high preassure, one
must therefore initiate a oarrow channel to
avolid an overly large plasma {nventory or

line density. Our experiments incorporate a
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Fig. 1. Schematic of dense  Z-pinch
apparatuas.
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focused through an entrance hole

power, pulsed, solid state iaser
ia the
ground electrode and dumped in a cavity in
the high alactrode. The 30-na
Q-switched laser 1is operated below the

threshold for laser-induced breakdown in the

voltage

hydrogen and is fired 100 ns before voltage
is applied across the 5-cm long electrode

gap. Schlieren photographs reveal the

successful designatior of a narrow (100-m

diameter), straight, stable, channel
carrying 50 kA, Time resolved x-ray
meagureaeunts using multiple thickuness
metallic folils and scintillator-

photomultiplier combinations show the plasma
temperature rising to 1000 eV in 10 ue in
with ohaic
then falling rayidly. No

agreement simple heating
eotimates, and
violent MHD activity is observed during the
200-ns curreant pulse; sfter approximately 50
ns there 1is a surface

three dimensional

structure evident in the schlieren
photographs which, whila possibly related to
m = |1 kinking, is not st sl) disruptive,

We have conclusively established that
the drop in plasms temperature is the result
of an increase in the plasma line density
(measurad using . new quantitative

The initial

plasma column accretes new plasma from the

molr€-schliersn technique) [4].

neutral gas blanket cnd cools through rapid

equilibration. Accretion 1is urdesirable

because it prevents the sustainment of high
temperatures, and we have examined the

problem both analytically and coampu-~

tationally [3], Ln some depth.
Our  present explanation for the

observed accretion {s a bootstrap or

two-phase process. Initial overheating of

the nplasma column (Bennutt equilibriua
cannot be achieved in the first faew
nanoseconds) launches a radially
propagating, wunkly ionizing cylindrical

shock into the nesutral gas. Currant

continues ¢to rise in the culumr because the
high voltage 1is atill applied acrtoss the
incoming
combined witli Townmsend avalanching raiaes
leval of the blanket

electrode gap, and the flux
the ionization
surrounding tha plasma core.

The Jaccretion problae obsarved 1in
gas-eatedded . pinches may be surmountable
with proper attention to the applied voltage
wvaveform. There are practical difficulties
associated with the neccszary pulssd povwer
switching wmodifications, however, and we
have concantrated our recent efforts onm two
vall-limited

pinches., Borh

alternative configurations,
esolid fiber

schemes eliminete sccretion by physically

pinches and

limiting the amount of material avsilable

for ionization.

Wall-limited Z Pinches
Wall-lipited Z
gas-embedded

pinches are asimply

ezperiments conducted inside
tubes of

diapeter that full

1usulating sufficiently small
ionization of the
contained gas does not constitute an
unacceptably high plasma line density [6].
To prevunt classical wa .l formation of the

plasma, wve are continuiny to use oLr laser

initiation procces. W¢ have succassfully
produced unarrow plasma channels insi{de 3-mm
diameter polycarbocate tubes which etill

allow transverse optical diagnostic sccess,
snd the nixt expuriments willi be performed
inside

with thesa laser-initiated uxperiments wa

|-mm diameter tibes. In connection
have obmarved self-fncused channels produced
by a 12-J Nd-glass la.er when operated avove
the laser-irduced hresakdown threshold. The
single mode, low-divergence laser interacte
with the neutral gas (3 atuospheres of Hy),
and schlierean photographs reveal channels
which are eeveral centimeters long and have
than 30 i (Fig. 2). This

phenomenon wmay

Jiamaters lass

unexpacted increase the



Fig. 2. Schlieren photograph of

produced by self-focused laser.

chaanal

poasibility of ini:iating plasma channels in

submillimeter dianeter chambers. The

obvious potential problenm of wall

interacticn and accompanying impurities
remaine, and we are attempting to model this

process with numericsl simulations.

Solid Fiber Pinches
The ultimate density for uncompressad

magnetically confined fusion expetiments is
that of solid Dy (~ 5 x 1022 ca™3) and our
line density limitations

place severe

restrictions on fiber diameters. Oparating
at 2 MA, & 40-ym diamater solid fiber could
be ohmically heated to 10 keV in Bennett
equilibrium. At this high dansity the
raquired plasma energy confinement time is
only a fev nanoseconds.

Using a liquid He cooled cryostat, we

have extruded solid D; fibers 40 m in
diametear and 20~-ca long into a vacuum
chaaber (7). These fibera are straight,

rig. 3.

Solid D; fiber.

uniform, and Tremaiu at neatly conetant
diameters for saveral minutes (Fig. 3). 1In
the solid fibar pin-h program, a fiber will
be dropped vartically between the electrodes
in the discharge chamber; the gravity feed
fibers has
construction of a 90° elbow in the watar
line, Experiments
with our 350-kA machine will determine the

importance of gross MHD modea, and we will

system for the neceagsitated

transmisseion performed

require & higher current pulsed powar aystem
to carry the plasma temperature up to the

kilovolt regime.
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