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RECENT RESULTS FROM THE ZT-40M REVERSED FIELD PINCH PROGRAM

R. G. Watt, A. R. .Jacobson, R. S. Massev, J. P. Mondt,
and the ZT-40M Team
L.os Alamos National Laboratory
l.os Alamos, New Mexico, USA

ABSTRACT: Details of equilibrium control and resultant discharge behavior
on ZT-40M will be presented. Interesting results in several operating
regimes and possible theoretical interprcetations will be discussed.

INTRODUCTION: Recent discharges in the ZT=40M reversed [leld pinch experi-
ment (R=).ld4m, a=0.2m) at los Alamos National Laboratory in the A0=-240 kA
range utilizing power-crowbars and equilibrium control are well-behaved with
durations 1n excess of 20 ms.  Segmented poloidal carbon rings are located
at four toruldal locatfons to act as limiters and the aluminum shell and
torofdal and poloidal field windings have rccently been moditied to reduce
crror tlelds.! For 2-mtorr 111 pressure and 120-kA plasma current, ZT-40M
achieves temperatures 1n the 200-300 ¢V range and averapge densities in the
1-3x10 43 ep™? range. A typlcal sct of waveforms 1s shown in Fig. 1. This
paper wlll discuss the necessary equi!ibrium controls needed to maintain n
long-duration discharge with minimal wall interaction. 1t will slso discuss
two cxparimental  studies  performed at different O values (O=By, o, /<B ))
and present posslhle theoretlieal explanations of the featured gserved
during these studies.

FQpTIIHRIUM CONTROL _AND FEEDBACK STABILIZATION:  As was Jemonstrated in ear-
Tler work' hppllcntion of W small trimmlnk vertical fleld is able to extend
the discharge by 5 ms. This constant trimming field is sufficient to
produce wv]l-hvhnvod dlnchnrpvu at 120 kA. However, at higher currents or
with active deneity control (pas puffing), the bhehavior becomes more
erratic, particularly eear the pololdal flux slot. A correlation between
radially inward motion at the pap, the presence of NiVradiation (indicative
of an cnhanced plasma-wal]l interaction), and an increase In resistivity has
heen observed.  Tnward motlon at the flux slot ik also sufficient to cause a
reductlon in plasma donnity) (Fig., 2). Becauge a constant  teimming field
cannot cope with a time=varving disp'acement, act've feedback control of the
vertical ficeld han been tmplemented
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HIGH © EXPERIMENTS Discharges B A UL DA I BLEL IR
taken at high O exhibit large- . -
scale magnetic fluctuations at - ) 1
the wall that have both m=! and
m=0 characteristics. Associ-
ated closely with these modes * } [ = TTUee-llT Pt 1

are discrete toroidal flux re- ] hﬁm\“-“\\~\\L1
generation events and soft .tJ¢J_IL.. e e )l o o s P 1y

X~-ray f%ux modulation ("saw- o I e e et e e e e e
teeth"). The threshold 0 2k
value for obscrvation of these
large-scale disturbances {s bhe-
tween 1.55-1.6. Figure 3 shows
the currelation hetween the
magnetic &tructures at the wall 2|
(m=1), the toroidal f lux N I I DI TP PO AT O
disturbances, and the sawtcoeth, . 2 . . ' " " 4 1"
Examination of many different NuE (ws)

dlagnostics (energy less,  Fig. 2. /nd. and local displacement at the
radial density profiles, radlal gap.

C V profiles) leads us fto con-

clude that the sawtooth event s a manifestation of an internal energy
rearrangemcnt that 1s accompanfced by a flattening of the density profile and
reduction of the axfal temperature. A syscematie O dependence {¢ observed
for the percentage modulailnon of  the sawteeth (Fig. 4). The m=] mode
amplitude reduces somewhat and the m=0 amp!litude recedes into the background
level as the U value I8 lowered below 1.55-1.60 A possible cause for che
sawteeth end m=]l magnetic modes [s the theoretically predfcted preseace of an
unstable m=!, n=8~=15 current-driven tearing mode (kink) {n the interior of
the plnsmn.4 This mode Is the RIP analog ot the m=l,n=]l tecaring mode that
producesr o't x-ray sawtecth and profile flattening {n a tokamak. The RFP
mode r. alts In a lowering ot q end tlattening of  the current profile on
axis. ‘he cexperimentally dominant  toroidal mode number (n=12) 18 in good
agreement with the prediction of the theory. The observations are analogous
to those 1in & tokomak., The U dependence of the gawteeth is believed to be
the result of an effective {rland width enhancement for the m=] mode
(resulting in &« larger {atcraction volume) due to the coalesence of the m=|
island with the {saland of an m=0 mode (9 dependent) reaonant at the toroidal
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field null. The flux regencration event could result from a toroidal flux
residue left after a tearing and reconnection of helical flux during the
kink, but the theoretical connection has not beun conclusively demonstrated.

LOW O EXPERIMENTS: As O is lowered to the usual operating range (l.4-=1.5),
the large-scale disturbances described above become subdued and 1t {is
possible to study 1n detalil the 1lower-level fluctuations present. Onc
experiment in this range 1nvolved the coordinated measurement of toroidal
flux disturbances, disturbances in the D luminosity radiated from neutral
pas near the wall, and a density cavitation in the outer 5 cm of the pinch
radlus all of whlch are synchronous.’ ALl three phenomena exhibit an
appatr ‘nt motion 1in the anti-I directlon. The magnetic signature is an
abrupt torofidal flux jump (|A0|<18'“ Wb) predominantly with A44<0. The ¢
signais in Flg. 5 show prominent splkes as this disturbance drifts past the
signal loop. The speed varies systematically with flux jump polarity (4¢<OD
has v=3x10" m/sec for large vvents whereas for A9>0, v>1x10° m/sec). The
radial field associated with the jump is cstimated to have a toroidal extent
of about 0.3 . The densily cavitation has a peak fractional depletion of
20% of the undisturbed density. Figure 6 shows the measured [Ad2 profile of
the disturbance (solid linme. upper plot), the geometrical model of the
disturbance (bottom plot) and [nd2 profile of the model (dashed line, upper
plot). The estimated particle flux to the wall assoclatnad with the
cavitation (risetime 10 us) ts 21077 m™2 gee™l.  The density event has an
associated burst of Do rudin}lnn seen fn the immediate toroidal vicinity ot
the mnlrichord interferometer.”

The electvomapnetic and densfty disturbhances are corsistent with the
existence and growth of an m=-0 {sland centered around the tield reversal
surface as predicted by {deal MHD theory. The mechanism by which this island
begins to translate in the anti-1, direction Is not understood. Two possible

theorctlcal explanctions have heen proposed, the first heing the presence of
n Instabllity driven by the clectron diamagnotic drift, and the second heing
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a spinup process driven by the density cavitation 1tse1f.7 In this second
model, the ion flux to the wall due to ion gyro-orbit scrapeoff is considered
to lead to momemtum transfer t.. the wall 1n the absence of strong 1ion
cyclotron turbulence. This momentum transfer, 1In the absence of any
flow-broadening mechanism would produce a layer of width Pe with velocity
approximately equal to v 1/2 in the aati-I directlion. Unless strong
electric fields are present thls layer will itself cause flow broadening by
placing a lower bound on cddy viscosity (due to velocity gradient drivsen
Kelvin-llelmholtz instabilitices) and consequently velocity profile broadening
must occur even in the ahsence of other viscosity sources. Detailed kinetic
simulations of this efiecr lead to the conclusion that in ZT-40M a layer of
approximately 0.04-m width may be accelerated up to speeds near v g
Experiments which wutilize the different scaiing of the two velocities
involved (v «T /B and v QT; 2} may be nceded to conclude which of

spioup
the two candidates is the most' ikLly cause.
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