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Abstract

Continued discharge cleaning, improved vacuum practices, and
optimized plasma formation operation have resulted in the CTX
cxperiment achieving 1-ma plasma lifetimes with average
temperatures of 20-40 eV. The major advance in operation has been
the use of 5-20 mTorr H, gas fill. A multipoint Thomson
scattering diagnostic wit 12 radial positions yields rad'al
profiles of temperature and densities, an cxample of which 1is
shown. Local 8’s can be determined from the measured pressure
profile, and average values de typically 15-20%. In clean,
long-lived discharges the density decreases at a more rapld rate
than the magnetic fleld, until 1t veaches a value around
24 x 10*% em™3 where it remains constant. This is in contrast to
the coldey, radiation-dominated behavior, and 1s taken as evidence
that the plasma B 1s a limit to current operation in CTX.
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INTRODUCTION

Continued discharge cleaning, improved vacuum practices, and optimized
plasma formation operacion have resulted in the Los Alamos CTX spicromak
experiment achieving 1 millisecond plasma lifet imes with average
temperatures of  20-40 eV. Several methods have been used to augment the
cleanup of the plasma, resulting In signiflcant reductions in the 1impurity
radiation power loss., The major advance in operation has been the use of a
congtant, unlfcrm background of 5-20 mTorr of Hy t1Ll1ng the vacuum  tank,
tlux conscrver, and plasma source. This {1l operatlon alrectly veduces
the fmpnrities pgencvated I'n the plasma  Kource, allows operation of the
source at parameters resulting In fewer fmpuritles, and provides a neuatral
partfcle source to malntaln the density for long lifettmer. In this paper
we present data on the [mproved operation of CTX.

NEW DTAGNNSTICS

Easentlal to che Incrcased understanding ol the CTX spheromak has been
the addition of several new  plasma dlagnostics, Foremout  has  been  a
mult ipoint  Thomson m-nll.c-rlng' Hydtem with 2=radial  posltfonn, glving
radial proffles of temperature and denslty on a alngle shot.  Spectroscople
meadurements have  bheen  aupgmented by the use ol a IT-m vacaum ultraviolet
spect rometer for ohuserving the power vadlated In vesonance trannit lonn ol
low-7 fmpurfty lonu. Alsno, o quartz UV spectrometer has been uned to view

the Inter-clect vode repfon of the nouree.

METHCDS FOR TMPURTTY REDUCTTON

We have cout lnued a program of dideharge cleanfng the eolectroden  and
the  vacuaum nyntem atter any apening to the atmonpheres  Cont Inued une ol a
0.1-0,2 He vepetlitve operation ol the source at low  (L.9%2.5% kV)  voltage
resulte  after several nlphiu (ll)"ul(l“ puluen) in wigniticant decreasen (n
carbon and ottt ropen radliat ton, an well an oxygen  achieving  hilgher charge
ntaten and approaching burnthrough. Durlog the pulae discharge cleaning we
now une an o plow dbacharge which tp ween v be at leant aa ettect lve  In
cleantng an a de plow, but with far lenn aputtering ol metal nurtacen in
the vacuum vt em.

In order to provent aven dacroan the funalator of the gource elect roaden
an the  voltage reveraen we aow evowbare the matn capacitos papn,  Thin han
prevented the arvren from releaning alumloom sd oxypen atter each nhot  that
would contaminate the olectroaden for the next nhaot.
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When using the de glow for discharge cleaning the copper flux
-onserver sputtered badly, coating optical surfaces in the vacuum &ystem.
To reduce sputtering the flux conserver was nickel-plated by ele~troplating
it in a solution of NiSO3NH, and boric acid. However, after considerable
use 1t was recognized that this coating was an 1important source of
impurities in the system. The replacement of the Ni-plated flux conserver
with an oxygen-free~copper one res.lted in asignificant {mprovement of the
discharge.

We have been heating the flux conserver to over 200% during discharge
cleaning but as yet cannot ascribe directly anvy imprevem at to this effort.
The 1inatallation of hydrogen-furnace-baked tungsten—-sprayed electrodes
coincided with the removal of the Nl-plated flux conserver, and again no
direct improvement can he asserted.

BACKROUND FILL OPERATION

The coaxial source has been operated 1{in the presence of a sgtatiz
background of hydrogen filling the source, flux conserver and vacuum tank.
This mode of operation has directly reduced the impurity production in the
source compered to operation at the same voltages and blas flelds {ajecting
Into n low-base-pressuve vacuum. FEven more importantly 1t has broadened
tihe vange of operating parameters to lower voltages and higher poloidal
flelds, further reducing the i{mpurities in the ﬂphoromnk.‘ In this mode the
plaamn  has higher (nitial temperatures and slower magnetle~ficid-energy
decay rates Tyo. Fipgure 1 shows the magnetic field and density tor one of
our bhest shots  ohtained with the fill operation. The lifetime 1y | ms,
with 142 exceeding 400 vs.  The pololdal fleid on axis has bumps during 1ta
decay. Further analyusls revealn  that after the separated goheromak has
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Fig. 2.
Mean electron density during the "plateau" versus the f(11
pressure of hydrogen. Too 1little gas doces not protect the
electrodes and results in dirty, short-lived shota. Too much pas
alan cavees too mich radiatlon and faster B-field decays. The
optimum pressure {s typically 7-9 mTorr for our experiment.

formed, these bumpa {n the axiai component of the field are accompanled by
a rotation of n helical kink-!llke structure of the transverse components in
the center of the plasma. This fluctuation quickly saturates and does not
advernely affect the stabllity of the plasma; rather, It seems  to always
accompany the longest lved discharges.

The denstty  shows  an (nitial spike that precedes the observat lon of
mignetic f{eld in the spheromak, powsibly due to an fonizing whock from the

HOUTCe, Further, the denclty  deerveaties at a morve rapfd rate than the
mapgnetie fleld, unti!l 1t veachesn a0 value  arvound  2-4x10) Yem™) where 1
remalna constant . Thin ditfors from the reswultun  observed under

vacuum—operat fon condft fons where the magnetle [ leld deeayn amoothly,  and
the denulty deeays  at aboat  the aame vate.”  The level of the constant
denatty "platean” to Ilnearly proportional to the 1111 pressure tn the tank
(Fip. ?2). Changdng  vacuum  purtacen  can have a not feeable effect of the
opt fmam amount of ttll Ffor operat lon.

THOMBON SCATTERING AND B PROFTLLES

Flguve bV onhown vadlal denntty (ormalized to  Interterometvie  deastty
measurement ) and  temperatuee prof flen measured on a o mingle ahot with
multdpotnt Thommon neatceving,  Thin nhot tn typleal of (111 operatfon, and
han o G of 410N 100 pae On almont all nhotn the deanity in penked '\II the
Ydoem ponftfon, vear the expected  laeatfon of  the magnetie  axln, The
temperatwre han a decreane o "hollowleg"  at the peak dennfry.  In
npheromakn whteh are known to be very divty (achieved by polnoning the 111
pan with up to 0% avgon Tmpurtty) the temperature (o tlat and Tow (815 eV)
with a dip at the peak denntty. On cleaner nhotu the peak temperature  can
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Thomson scattering tempevratures {(civcles) and density (squaves)
measured on a single shot 198 Us after source injection.

be over 50 eV, and it almost always has a pronounced hollow profile. This
would be expected If impurity radiatlon were dominating the 1local energy
balarnce near the magnetic axis, for the rvadiation increases greatly with
higher density and can tend to locally cool the plasma.

Assuming a model for the magnetle f{eld which minfmizes  the magnetic
cenerpy  at  constant hvllcily,; and normalizing the mapgnitude to the single
point measurement on the geonetiice axin, local B4 can be determined  from
the measured pressure profile.  The fon dennlty and temperature are assumed
to equal the clectron values, Vipure 4 shows the value of B de*crmined
fvom the data of Flg. V. Values of B from 10% to 30Z have been obscrved (n

the clean 111 operat lon, with an averape value of  typleally 15'8%. For
the data of Fige 4, an cnergy conf {nement time can he estimated by assumlng
all the magnet{c energy deecay g poing Into Iaput heating power. Then 1

I
Y2 KBp 2 - 02824 un where the averape plasma pressure normalized to the
average N1 leld squared ts ahout 1023,
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Flp. A,
The lToeal B obtalued trom the meanured  planma presnuve (Fipo 1)
with ton denuity and  tempevature aanumed equal to the electron
valuen, and the caleulatsd magnet fe Held (Red o V).
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Finally we note that the dramatic difference 1In plasma behavior
between the c¢older, radiation~-dominated discharges and the hotter,
fast-density decay shots proxides evidence that the plasma B i1s a limit to
the current operation of CTX.
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