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Improved Plaama Confinement and Evidence for a Preamre-Driven
Instability from Reduced Magnetic Field Errors in the CTX Spheromak=

&.C, ~mlbdez, F. J. Wysocki, ‘l’. R. Jarboe, Cris W. Barrws
1. Henins, S. O. Knox, G. J. Marklin

La Alamos National Laboratory, Los Alamos, NM 87545, USA

‘The 0.67 m radius mesh flux cmwrvcr (MFc’) in (TX WM repkxl by mmolictflux con~rvcr (SF(’),

mlting in greatly reduced field ●rrors. Decreasd spheromak open flux led to vxutly improved decaying

didmrges, includ!ng increti global emrgy confinement tima r~ (from 2tJto 18u A) arid corresponding

~~etic enerm d=ay ~i~ r~~ (from 0.7102 ~). Improvd coufinemcnt atIOWd h obserntion of
● pressur-driven instatilit Ywhich ejects plsanm from the sphcromak inlcrior to lk wall [W ysocki, F..

et d., Phys. Rev. Lett, 61 (lWIY) 2457].

In the CTX 0.67 m rm-lius mesh flux crrnserver (M FC!), = 1/4 of t Iw splwrmmk
poloidal flux fvrnls t lle “edge”, with opru flux intersecting the FC’ wdl[l]. Fig, 1 shows

one lmlf of a cross section of the NIFC:, along with the poloidal flux cent ours for a ty~~ical
decaying CTX spheronmk. l.~ = 3 m represents t 1]- dhtive Icngth betwem ttic points
whrrc the (poloiclal ) open field Iina int crscct t lW wal![ 1], The effective poloidrtl ●lect ric

firlcl E,fl = qj at tl~c edge is also illustrated. ‘1’0 replenish Ilmillly tile rapid iJIMlllfl

losses on oprrt fkld lines, spkomak refueling is achieved with a static Hz filling pressure

surrounding t hr hl F(’, t vI)ically 1 - 8 InT. Because of low ecl,gc Tr, the neutrals pem=trate
deep into thr spherumak, allowing refueling from the ekt ricrd Lrcakdown oft he neut rHls
by t hc splmromak rdgc cllrrm~ts, E,fl/,fl agrrrs with t hr Paschen voltage12] for breakdown

of ncut ral Ha at thr given neutral prcssuw=[ I].

Maintaining spheromak edge current ri caums a higl] loss rntc of splwrolnak imlicity
(Illagrwtic-fiux linkage), Without extermd Voitages, thr hclicity decay rate is givcll tJy~:{]

(1)

‘rl’hin work ❑upl)(wtnl l~y t IIF I Is I)( )It.
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Figure I: One half of thr hlFc’ crcm~ section is shown. Typical normalized sphcromak poloi~lnl flIIx

contours (5%, increments) dllring ctrcny are includrd, The poloirtd nmgmtic field wrnps wound tlIr

magnetic tis in ll~c coulltcr-clockwiec dircctiwl, Wl]ile llIe toroiflnl field goes into the p8gc,

In decaying C’TX splwromaks with higi] edge resist ivity fron] electron-nelltral c(Jlli-

sicrns, t llc edge currel~ts decay until t Ile result illg lwakcd current profile l)cco]l~cs ul~st able,

The indabilitics wllicll grow up cause relaxatilm towar~l the l~lillill~llll~-cllrrg~ stnte, wllic]l

implies a current drive at tl]e edge (whicl) will Iw calle(l relaxation currmlt drive), It is

observed that the poloidal edge E,fl = 7jj clrivcll hy relaxatiml is u1) to tell (il~ws greatrr

than tile electric field prodllcecl l~y toroidal flllx decAy.
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spatial profile of T,, which we cannot resolve with our single-chord instrul~lent. Accoul~t -

iag for TD >>Ta, the previously present. ed[l] energy confinement times TE ~ 3/~(@)vd 7RZ

in the MN should be corrected up to the so - 100 ps range, and (/3)vd up to s 570. Still,

large charge exchange losses and enhanced transport from excessive relaxation act ivit y

(caused by high edge resistivit:f) almost surely degrade confinement significantly.

A 0.60 m radius solid flux conserver (SFC’) has been designed to clecrmwe the relative

fraction of open spheromak magnet ic flux much below the value iu the M FC!. The observed

result is a much longer ~~, so the filling pressure has been eliminated. Ti gettering of

the SFC walls has produced non-radiation dominated dischargm with low edge neutral

density. In the SF C’, as in the MFC!, the spheromak equilibrium is deduced from magnetic

field measurement: at t hc F(’ surface, couplccl with n Grad- Shnfranov MHD equilibriulll

solver[8]. The nc wd Tc are diagnosed by an absolutely calibrated multi-point T1101IIsoI1

scattering systenl. T, aIId n, aie cmnbineci witl~ the MIID e{luilibriul~~ calculatjf)lls to

determine the elm-i ?,v1 ~. and pressure p.. The result is an accurate calculat ion of IPE.

~Bz in the SFC’ scales proportionally with Tc at the nlagnet ic axis. \4’it II reprcl{{ucihle

T, ~ 150 eV, maximum TBZ is 2 ms, In tl]e SIX’ the OV TD is similar to 7’,, an(l

maximum global Tfj = 1S0 ps (using T, = T, ). Fig. 3 shows the increase in TE for sil,l~ilar
di~,charges c,ver ti~lw as tl~e deca~’il}g sl~l~eromak plasl~~a heats up. III tl~is fiqure, o]lly

T& va!ues measured before the pressure-driven it~st ahilit y (disc usst-d hekwv ) are incl u(le(l,

Tlwse SF(’ results suggest r~duceci open magnetic flux resulting in Ims relaxat ion activity,

which rm-iuem diiect ion Ilcat i;~g and incleaws l)lasllla colllinrl~lent, as also report e(l for

HBTX1B[7],

Ill tl~e SFC’, a presstlrc-r-lrivml insthl)ili!y ejects tlte splleronlak pla.sll]a ill a distil)(t

event [!4]. As the ll~axilllu~ll elect roll pressllre grmliellt T-l), illrre~ses, (~+),,{,1 reillaills at

= 3-6T ( tising 7’, = T,). At a tllresi~(dd V])-, pt nmvt=s towards tile o~lter flllx s~lrfiices

within 10 20 /(s, ilidiratil]~ a flux il~tercl]angv. N(J concurrent sigy]ature 011 tile lllitKll(*ti(

prol.vs at tll~ wall Is observtwl, 11%Ilorll}al]y (wcurs Wjt]l currcllt.(~rjv~l] il~st~l)i]itif.s.

aJARROE, T R, and AL PEI{, B,, Physics of Fluirls 30 (1W7) 1177,

‘BARNES, (’ W,, rf al , Nur-lrar MIOH 24 ( IWW) 2{]7
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Figure 2: ~accs versus tim~ for tvpical MFC’ discha:gc 15R05. The top figure shows the splterom~k

toroidal current, incre.aaed by hclicit y i~iectioll rmtii 1.2 rns, when the source k turned off (arrow ill the

bottom figure). The middle figure shows the “brightmws” br, Mined as the area under tlw gauasitm

fit. The bottom figure shows thr Doppler tempcrat ure TD. Error ban at regular intervals illustrate tlw

uncertain y rcaulting from the fit.
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