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Pellet Imaging Techniques on ASDEX

G. A. IITurden”, K. Buchl, J. Hofmann, R. Lang,

R. Loch, A. Rudyj, and W. Sandmann

● Los Alzunos National Laboratory,

Los Aknos, NIvf 87545, USA

IvIax Planck Institut fur Plasma Physik,

D-8046 Garching bei Munchen, FRG

As part of a USl)OE/ASDEX collaboration, a clclailed cxanlinatiol) of ]Jcll[’1 iil)lilli Oll

in ASDEX \vitll a variety of diagnostics h~ alloivcd a better ufldcrstanding of a II II II IINIr

of features of hydrogen ice pellet ablation in a plasma. In particular, fast gatm] p]]otos

with an intensified Xj’bion CCD video carncra allow in-situ velocity ]Iwasurrl]wl)ts of III(I

pellet as it penetrates the plasma. With time resolution of typically 10II naIIosrcoII(ls il:)(l

exposures every 50 microseconds, the evolution of cacl] pellet in a multi.])(~11(’( Asl)l~.\

tokarnak plasma discharge can b followwl. Wllcll ttlc pellet Cloufl track 1);1sslliatiol)s,

L}](1IIg]]t intcl]slty profrlr through the cloud is hollow (dark rlcar tllf~ ]Jrllt’t), \\ ’]l(. i(, i\\

at the Lcginn{llg or near the cr]d of lIIC pclivl trajectory tllr track is tj’l)i(’illlf’ SIII(J(JIII

(N’itllollt striatims) al]d IIas a gaussian ,peakcd light crnissioll ])rofil(’. Nc\\I, sillgl(’ ],(11(’I

Stark broadened DO, Dfr, and 1)7 s~wctra, ol)taillcd with a tallgrlltially \’ir\\’illg scal:llillx

n]irrcr/spcctromctcr with l{rticon array readout, arc consistwt }vitl] clou(l (1(’l]siti(’s ()(

2x10] 7cm-3 or higllcr in the regions of strongest light mnission. A s])iitiiill~ rcsol~’fl~laIIiI)

of 1)0 dcf,cctors SI]OWSthat the ligl]t variations duril]g thr pcllrt al)latioll nrv llf)t (ill )\(’(l

scdf-ly by a rnodula(ioli of tl]f:incon]ing currgy flllx as tllv pellf Itcrow’s r;il it)i]al (1SIII f(l({+,

but instcwi arc a result of a dynamic, non-stationary, al~lation l)rowssl



I. INTRODUCTION

While modclling of pellet ablation ill plasn)~s {Ising the neutral sl]icldillg C.IOU(l gc}l)-
erated by the pellet gives gellcral agreement with tokamak cxpcrin)c]lts, ]’3 Illany (](~l,ai]s

arc still not well understood. ln particular, issues of ablation rate fluctuations, as) ’ill-

metric cloud formation, pellet deflection, and self consistent dTccts of l~ollth(’rlnal vll(’rgj’

and particle fluxes on the pellet (cspcciclly in auxiliary hcatml plasmas) rtquirc fu~tl~cr

consideration.

The shape of the pellet cloud and its light clnission yield CIUCSto ])N)WSWS ill IM)III I II(I
ablation layer all(i fusio[; j)laSIlla.4’5 Symmetry of tile cloud is aff(x.l (xl I)y tll(’ (Iirwl ion of

tllc clcctroll (Irift al)d nlaglietic field lines.t;’7 Striations arc a conllllo]~ ft’aturr ill tlI(I iok;l -

I]litk, al](l (IV(IIJst(’l]arator (liscl]arg(ls.6’” B llow’ew’r, uniforv]l, slllooll]” 1)(’l](]il)g tra(]<s (iIll

also occur il) tokal]mks wI1(II1pellets arc firm] early (Iuril]g tllc curr(’]~t rist’ ])l)i\s(’.5 \l(’il-

surcl~lcl)ts of striatiol) ang]cs have Iwc]l utiliz(t(i to illf(’r 1)1’%!lllil q-])rofil(’s. r”!) (’OI)s(YIII(IIIl I!

it is Us(’ful to Ull(l(’lStall(l tll( lll(!Cllill)i S1llS lcadillg to Striiitioll forlllatioll.

AS [)art of il [JSl)Ol;/ASl)l;X u)llal)oration,’o” a (Hail(d cxalllillfitiol) of 1~(’11(’till)lill ion

il) AS I)ll,Y w’i[]) a ~’iiricly of diagnostics I)iis ilIlo\v~(l a hctt(’r 11]](1(’ls[illl~lil]gof it 11111111 )(’r

of foittlll(-s of lIjr(l IOg(III i(-(’ 1)(1]1(’L iil)]iilio]] ili ii I)]iis]l)ii. W(I (j(~scril)(t ])(’10Lll(’((.)1111)1,’1))(”111

of ])t’11{’t(Iiiigl)ostics il) IIS(~ 011 III(* ASl)lt X tokalllak, along witli t~’])i(.i~lI(*SIIIIS illi(l soIIK”

illsigl]ls froll] tl)(~sc I]lc:,sllr(:ll)(’l)ts, II(:(aus(’ of t]lc avail al)ilil,y of a I’illll(!l’ C.01111)1(’1(*l)lil Slllil

(Ii;lgllostic set oll AS1)IIX, as w(III as I)otll a c(’lltifllg(mn]ulti-s]lot iit](l ~iis-~1111 sill~l(’ slt(Jt

[)(’11(’tillj(’([or, ASl)ltX is ii w(’11-suil(vl (l(tvi((~ for SIIrlI slll(li(ls.

II. GENERAL

‘1’1)(’AS I)I;X 1)(’ll(~t(Iiiig[lo:ii( S(’t itl(’111(1(’s tll(’ llSllill 1)(’11(’1 gllll (liafr,l~iwli(s of” li~,l]l

~ill(’$i illl(l I])i(rowav(l (.il\’ili(’s for illilifll 1)( ’11(11 lilllill~~, V(1(1(’il~, illl(l lllil SS 111(’IISlll’l’111(.ill\

1(’sl)(_(’til’4’lyl‘1’11(.11,as 111(’1)(’1!(’(.rlltvt-s t!l(’ I)lasllla it I)((OIII,V4vi:;i~)]{.t{} S,V{III,I,Ki,l,, ;,),p,l,,
Ivllitt’ Iigllt, ])]lol,,()(li(){lt”s, Vi(’willg frolll I)t”llill(l (,11(’1)(’11(’tas \vt’11ilS l;Illg(’ It iilll)’, /1 S(III’11

(’1liillll(’1 Iill(’r(vl illl(l tigl)lly (olliltl;ll(’(1 I)lloto[lllllt,i;)lit.1” i{l’1’ily\’i~’\vs [11(’11(’11(’(11’i\(’1{ ;II ;\

I)oloi(lill” filli, illS() fl’olll I)t’l)il)fl III(’ 1)(’11({ ill tll(’ tol’oi(l ill” Illifll)lilll(’, Si!l&lt*hllol Sl){’1’11’ill

1)1’oik(l(’llillg111( ’ilSllr(’lllt’lllS of ttl(’ IJ;lllll(’1’sf’ri,’s (’lllissioll frolll tll(’ 1)( ’11(’I illt’ (Illlilillf’(1 \villl

il l{(’t. i(’ollilll’iiy (0111)1( ’(1 to ii 1 111(’14’1’ visil)lt’ Sl)(’(”tl’oll lf”l( ’,”, all(I to f’if’w llIfI lJ(’111’II I;I{I(

liill~(’l)tiilllj’ Viii a r(’ll]ol(~ Illilllil)llliilor Illirrol SJ’St(’111, Still iilb{p,twof 111(’ 1)(’11(’t ill’t’ ol)l;~ill~’(1

t.allgf~lltially, aII(l frolll ii l)ositioll” al)ot’(” tl)(* I)t’ll!lt t.rn(k, ‘1’11(’ s’) (iIll(vl “tot) \’i(’\v” (:IJII(’I;I
\\’;ls [,11(’11 rf’l)l;l(f’(1 N’il II il fitSl ~ill(”(l ( ‘( ‘1) vi(l(’() (’;1111(’1’;1II) (~l)l;lill Iilll(’ I’t’wlll”(’(illllll}l,(’s, ill

il II I;l II II I$I” first (’lll])lII\’f’tl0111114’‘/,’1’,Iohl 1(’~’~’rh(’(1Ii(’1(1I)ill(l) ;11 1,os tllilllloh, 11 ‘1’111’51’illl( l\\’

lllf ’ilSlll’(ml ll(’lll S of 1)( ’11(’1 (“101 [(1 f(’illlll’t’S, illtlll(lill[( illl(’llsity. (lIl\’;IIIII{I, 1(’lo[ilf” CII,IIIJI,I’K,
(’1011(151);11)(1;Ill(l slrillll~)lls,

‘I’ll{’}[(oll)(’11~”f{)! 111~’s(’l)illlllfvi 1(.l;lli[(’ 10 (\S!)l’:.Y i~ sll~)lfll ill I’ILI.III(L1. ‘1’11(1IIt II III II,Il

])lilslllli S(’l)ill”iltri?( is ;111’ ,10 ~’111,nlllloll~~ll Sip,llili(’illll i~l)lalioll 01”l)!’11(’1~ll’Illill l)’ Iilhl 1)(’l~,ili.



near r=41.5 cm. A calibration photo, with a measuring s~air (dialneler 2.S.5 CIH, \\i[l~

1.9 cm thick bliic.k bands every 10 cn~), extending froul the plasl])a edge to just ljtIJoIi~l

the plasma axis at the top of the picture is shown in Fig. l(a). TIIC mluivalcllt sitlt’ vit’\v

is seen schematically in Fig. l(b).

A variety of injected pellet sizes are possible in ASDEX,12 from 4X10’9 ~“slllall” ) to

1.4x1020D” atoms/pellet (Ulargem), with a typical pellet velocity (for the ccmtrifugr il~jcctor)
of 570 m/see, and up to 50-60 pellets pcr discharge if desired. A single-sllot gas gllll, l)()\v

ill use on fVm~dcls~cill W’VI1-AS, capable of a range of pellet \’elocitics froll~ 300-!)()() 111/s

at tllc cnd of a 3-meter weakly curved guide tube, was also ml]ploycd to injcc[ I~t’(JI;illl(I

argon impurity-doped deutcrium pcilets, as a sccontl round of SUCII~vork o]) ASl)l~.S.’ ‘

The ASDEX plasma VOIUI]Wis 5.2 ?~L3,and for olllllic Coll(litiolls, d tj”])iual ]JlaSIII;L lIi IS

1+ --’ 320-450 kA, llc& I.f)-q X ]()’3C111-3, 7~(0) & l.@l.~ k~v, all(] gk)])d] T/.; * 60$() 111 S(’(’.

Additionally, target plaslllas wi(l] u[) to 2hl M’ of Neutral IIca[]l ll~j~’ctiol), or 2hl\\’ of l,OI\(r

Ilyhri(l \\Tavc powrr, or 4M\\’ of l(’lllJ l)owm were available for Collll)ill’is oils,”

III. GATED VIDEO CAMERA

P, rww~tly instalkd )(yl)ioll 1$(; -()’2gatt:d-illt(:llsifi{’(1 (~(;l) Vi(l(’t) c;~.1]1{ra \Y;,s I1,;(I,II(J

ol)laill tinw rcsolvv(l ilnagrs of tllc 1)(’llrt C.1OUCIS.With a 600 11111](’i\ll)(’l’ii ](lllS, illl;l:(,s ~)1
a SIIMII rwmtrallt ObjcCti VC/rclily Irlls could bC ol)taincd Wltll goof] (1(’ptl] Of foclls, illl(l il

w’i(l(l flcld of vi(’W across tllc oulrr r]]illor radius Of tllc plaslna, il]cl[l(lil~g tllc S(’l)iirat rix illl(l

scr;~]x’(JfTrcgiml, ‘1’J’l)i(’illcxl)osllrrs for tilt’2!)6 gray-scale digilizml gr(’)’-srak vid(’() illi;,p,,’,s

Iilllg(’(1 frolil (). 1-2 /f S{’(”, iit iill a]wraturr of f/(i,l \vit,ll iLII N 1) 1.() Ii(’lltriil (It’l]si( \ Iil[(bl.

(1(’1){’llflil]gSolll(’Wlliltt 011 1,11(’IJ(’ll(’l)siz(’ illl(l prcs(vl(v of ii(l Xillilrj’ 11(’iLlillg (ivllict) [’(’s 1111sill

I)rigl)lt’r 1)(111(’ts). I{(’ill t illw vi(l(x) (’ill )tlll(’ is acl]i(lvwl for tllirt(~’11 :)ZOX211()])is(~l fit’l~ls \\illl

ii frii[l)(’-griil)l)(~i (I(llii])(’(1 I)(:-A’l’. ‘1”11(1v[ltir(’ sltot is slll]l]ltill~(~)~lsly SI(JHJ(I[() ~i(l(y)till)( I’(,I
olrlil](” r(’l)lay atl(l cal)lllrr, I{(il)t’liliix’ illlilb”S Uf [11(’ Silll )(’ 1)(’11(’1 ill’(’ ol)[ilill(”(l 0]1 011(” \itl(,,

fi(’1(1l~y srllflillg a g,~lillg I)lllst’ ov(’r a TJ()-llwt(’r (’olltrol” (.ill)l~’ frol]) tlI(I AS I) I;.X I(JIII ItIl

r(mIII, IIsually vv(’ry 50 ~~sfw.

‘1’11(’ X}l)ioll (’iill:(’ril W’ilS 1()(’;ll(’(1 ill lllagl~ctic fif’l(ls ofil ffiWIIllll(llf’(1 (;i\llSS, ill a (Iihlilll((,

()[ ‘2 Ili(’t(’rs frolll [II{* t,ol’oi(lill” fi(’1(1 (’oils, w’itllollt (Sl(w’t,rolli(’s ]) I”OI)I(III IS, \’v(’ nil\ ’(’ ill\()

ifl(’lllili(’(1 a (’olllll l(’l’(’iill (“0101’” l);lllil SOIli(” \V\’-(~l)l I!lillilllll’(’ (~( ’1) (“ill l)(’1’il Ill;ll flllI( tltjll,i III

lif’l~lsof (JXC(’SSof 1.!) ‘1’.011 AS I)I; S II it Ill{)(lifi(vl SOIIy llS. \V T)70XIS-) IJist’1 (:( ~1)(,11111’ I;I,

Ilh[)(l(’1,X(; 7’7, \\’lli(l] IIils 1)(’(’11 1(’s1(’(1 [() fllll(li[)ll Ill Ii(’l(Is of 1 ‘1’t)l’~l’(’ill (’l’, \vill I)(’(IIIil)l{J\I,Il
w’ittl ii giit, (’(1 Illlllli(ll,lr]ll(.1 I)lill(’ for (,1111(’rmt~llllit)ll, IJ[)ltl f)f 111[’s(’(’illll(’l’;lS llil\’(’ S(’l)illfll(-

11(’i\(l itll(l (Ilt’tlrf)lli(hs s(’(tit)lls,

A (.j~l)it;ll (ioo” 111/MI( i)~LllILI ill)li~t)ll~ ()\I(sI ii ,)(.11()(1of :100”/ts(I gi\{w ~)(i il~l,tR~.:,011 II I,,

vi(l(’t) [i(’l(l, ‘1’11(’Illl)t ioil of tllf’ 1)(’11~’ll)r~]ti(l(’s S{])ariit i~lll ()( 1II,! iill;lg,’s, N,~t SIIIl, I i~i)l~l,l\,

sll)\v IM’11(’ls,;It, ‘~jo lll/st, (, r(vlllir(l~l s(’llilly,s of 100”lls(’~’l) C’l\Y(’(’11 (’XI) OSIII(’S fol” l“(,il!ioll,llll(

!i(’l)ill’illioll, I)llt rattl(. r 1111( ’Sl)(’(’t (’(11)’ still I)l,)ii(l(’,1 7 !) llllil~r,(’~ 011 11)(’ Ii(’1(1 (tll(, \’ Iil\l 1(111}1,1,1

II I; III ;I fi~st(’r 1)( ’11(’1)! I) II(Lto a I)(vsislalltr 1)1(11)1(1111011 tlI~’ illl(’llsilil’r l)llt~~l)ll~)rs dIII1 /111
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incomplete readout of the CCD charge buckets, it \vas Ilcccssary to wait 70 rIMW ]J(’t\V{Tll

pellets to avoid an afterimage problem when imaging rllulliph? pc]h%s. ]n situ pclh’1 V(’](JC-

ity, determined from measurements of the positions of subsequent exposurm an(l kll[~\vil)g
the time between exposures, remains close to that from the gun in nlost cas(’s, a]L]l(Jllg]l

significant toroidal velocities can occur in the later part of the pellet lifctinm. ‘1’IICmost

highly deflected pellets in ASDEX show a large boost in toroidal velocity, and slowing (Jf

the radial component, most likely due to differential alJlation and “the rocket rflcct’m.

Figure 2 shows time resolved CCD photos of a numl)or 01 p(!]l(!ts, looking dmvn (Jll t.11(1

pellet track from an angle of 75-45 degrms to the vertical, with a nearly idrntica] \“i(l\v as

shown in the previous Figure. This angle complicates tlm cross-field analysis by r(]llll]illillg

tllc relatively wider poloidal extent of the clouds with th(! I)arrower ra(lial dill]t~llsiolls. ‘1’11(1

actual cloud shape tends to hc an elongated (along toroi(la] ficlcl lill(’s), flatt(’l)(vl ( ill III(I
poloiclal sense) cigar. Coml)arablc l,inm-integrated ])h(Jt(N+ ilr(! ])ul~lisllm] cls(’ivllf’ri’.11

Dumps or protrusions d tlw cloud, in the dirrcliol] of prllrt lllotiol), sllggt’s[ 1lI;It tlII’

ligtlt cnlission is dynamic-ally evolving, arid is ‘b](Ifl})L’]lill(]”LS t]l(! ])(!]l(’t lII()\’(’s(Jll, ils Ilil%

also hccn okrved by Durst. 15 q’l]r prccisc location 0[ lI]c ])clld is Illa(lr (liflic~]ll 1)!’t.11(*

(.l]angillg shapes of llIc Iigtlt (vnilting rcgi(m. l{adial (Iinwllsiol)s of tlw CIOII(lS rdIIg(* [IUIII

1 cl]~ to 3 cll~ dianwlm ;I1 Figure 2, and tile (:lollgilt(’(1 l:tt~llil dial]l(lvr ~ii~h~s fr~llll :1 (“III

to more than 10 cm irr these photos. iliglmr (icnsit~” U+rgrt p]asnlas gmwrally yivl(l SIllill](’1”

pellet ciouds. in tiw opposit,c cxtr(vnc, citscs of pclhls illjcct(’(i dir(wtl: illlo l,o\YIIr i l~”l,ri(l

hcatmi plasm= rmult in cloud sizes Iargcr than tile canwra field of view (toroidall~ ), \vit II
rxtrcllwly poor [mllrt, pmwtratioll (only a f(’w cII]), silllilar to IIlat rcl)oltt(l ill 11(’1{11

(Iiscl]arg(’s oll ‘l’l:l{.l’;

\f’itl] tilll(’-illtf:grat(’(l illlilg(’S , a trallsitiol] Iwlw(v’11a rf’la[i\’rly slIl(J{)[lI al)l; lt !~IIIII;I(li,
illl(] itl) OSCi]]atlllg, or Stridt (’(] trii~k, iS ~oll)l])ol)l~”ol)s(’rv(’(1 Ill tl](’ (’(!g(’ 1(’gloll of [ Ill’ I(ll,;l

111A. I)tmsitorlwt(’r Sf’illl!i across tll(’ $Illoolil Z(JII(’,Sllo\l” 1)(’iik(’(1 light (Illlissioll, W’llilt’ Sl”ill l:\

ill tllr loroi(tal (iirm-ti(~ll aflcr tllr olls(’t ofoS(’illill.ion sllou” ii I]ollosv”li~lll (Illlissioll l)l~llil~’.i1
!“()]]:ll)>(~()[ tl){! ()](1(.llli~sioll r(igiol] $urro[ll)dillg t]l(’ ])(mll(’tis str{)llglV sll~g(”sl~”(i t))’ I il]l(’ I’(’

,!, ,,.S(JIVW!I)]lotos 01] ASl)i~,X, al)(l ]Ias also IJ(I(SII rt’l]tjrlr(! 111] ]’,h i .!)‘1’11{’(I;lrkf’r (’(’IIIr;ll 11’~l,if]ll

Il(wr tllc lwllt’t is rp(Jt sfv.11 ill oxl~mil]wllt.s wlwrr tll(’ Illlrlil](llls rf’gioll rt’lll;lills “sl)l!f II t{;ll-m,

as A’as always tllc Cast’ ill ‘/,’1’-40h!,14 wlwr(’ ttl{’ i)t’11(’ltlii(”ks WTr(’ llllifi~t’lllly sl]ltttll !I. illll I
,..>tri,~liolls W(,r(j 1,1)(~rilr(~ (-~(”(hl)llo[) r;it]lf~r I,lli ill 1.11(’l“1ll(’, 1 111S Illilv Ilill’(’ ill\() 1)(’(’1) I 11(’ l“,l.. (’

ill ol{hlAK.’;

011 ‘l’l{X’i’, tlI(. triillsilioll frolll slllootll” to Iloll-syllllllf’lri( (illl(l [~scill;llillg) liglll f’llli~~i(~ll

1s W(’w’(’II()(’0111’lilt ion with t I](’slllo(~lll/t~s[ilI;llill~l,IIM IJ(WIIImisociatf~l wil II 111(*(1=:2 l~ym. ,

Irii(’k l)[)~lll(lary to ttlv (1 \’illll(’, ill I)arli(”illar, lJ(’iilllS fI)l’I”f’ tll{’ oh(.ill;lliolls” 10 llf’~:ill (,\II II

(’10>(’1” to t,llf’ l)lilSlll;l I)ollilfl;iry 1]1;111 I,i)(. llSllil] !) f; (“III (If’lilll ill ollllii(” (li~f ’llillp,f”., fl~l 1111’

!iillll,, (1 at tilf’ (“[l#t’, Alwj, olllili(. (Iis(llargm wit]) (1-. 1.!1?)at III(S lIlasIIIa (VIXII,*Iill II;I\,I ;,
\V~ill(!f’fillr’(! !+Il)()()tlltra(”k ?AjIII’ [)dor(s 11111Striilti(Jil S h!’gill, \\”(’ Illillk III(’ ihl\l\(’1 Ill 111(,

Irallhitif)ll is (.l(wrly 11(’lllollSllill( ’11 willl [11[’ft)lllJ\vill~( fliil~!llf)sli(’. aIIIl i~ III(* 111’,1111 ,11 1111

(ItIsf’1 {~fa l~mi(~(lic iilll;ltioll illsld)i lily.
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IV. POLOIDAL FAN ARRAY

By coincidence, an eight-channel array of photomultipliers designed to image the outer

midplane separatrix edge plasma for fluctuation studies,17 was at the same toroidal locatiotl

M the newly installed singleshot g= gun pellet injector. A high pass red filter (Kodak 91,

T=O.4% at 620 nm, 51% at 640 nm and 8670 at 6S0 nm) was employed. The array col]sists
of separate optical fibers, placed 12 mm apart vertically at the image of Lhc plasll]a cflgc

as projected by a 10 cm diameter, 64 cm focal length lens, wllicll is positiom’d 1?S CIII

from the pl~ma edge. The result is that at R=195 cm in the plasma, the cffcctivc poloidal

(vertical) spacing of the chords is 1.3 cm, and the fnotprint of each chord is 0.9 cm (!ialnttrr

This is useful when estimating the poloidal expansion velocity of t llr light c]l)i[ tillg ])iirt

of the pellet cloud.

WC were able to sample the pellet cloud light emission at digitization ralm of II]) I(J

10 MIIz, and found t.lm cloud fluctuations (striations) to be in tlw range of %5 11() kllz.

The higher end of this frequency range is gmmrally found as a pellet ])ructratcs furl ll~u ilito
the plasma. Wc found extremely regular oscillations were produrcd \vitll mo(l(~ratr 11(*111 ~ill

hcam injection, compard to ohmic heating alone, and that tlw frctlllm]cj” is IIiglwr ill [ II(*

former case. Under three circumst,anccs, images show the pclkt clmld [(j k s~])all(u, il]l(]

therefore consistent with t.hc roj = up model (whmc r~ is tht? cross firl(l filal IIr IIt ratlilis,
VP is pellet ~’elocity, and f is the fluctiiation frcqurlicy) employed hy s(’\.(’ritl iilit lI[)rs,’ ‘IO”;

P1mse shifts across the array arc substantial, indicating ~ poloidal cxpansiml of tlIc r(~gioil

of xnaximulll ]ight emission pcrpcndicu]ar to the toroida] magnetic fi{’]d al. Vc’kx”it.it’sof .1

6x10 Lcm/s, consistent with an ion sound spd of Icss than 1 cV. ‘1’llis sll)(’arillg cotlt ril)~llf’s
to a n)asking of thr trur level of ttlc fluctuations if only ohscrv(~(l I)y tl](’ llSllill svi(l(” ;IIIgl(’

pl]otudicxk. A signal fronl a wide angle dimh~. WI(I from th(’ [“~111Iill Cllol’(1 of 1]icI I i~lil 1:”

~x]llin]atcd array art’ SIKJWIIin Figurr 3, for tlw sa[lw pclict. ‘1’11(’!+])(’(” lil(”lllill lll~)(llll;]lioll

(I(q)th of t,}w tightly rollirlmtd chord cmllparcd to ttw usual wiflt’ iIllgl(’ Ii{’u’ is i*\”ill(*lll. II

was ttlis t~”’w of data wtlirll suggnitml thfit the oscillations arc ilf)l. n sf~(xnl[l.(ml~Ir (LII”(I(’1,

hut actually dolllillatr tlw ablation prowss, h’mlillg t[l a IIPW’;Illillj”li(” ;111(1 (“(JIIII)II[ (’I’ 1110(1(’1

of ttw shielding rlmd forll]atioll and dynaluicsm’~

v. S’I’ARK BROADENED PROFILES
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from a shot with multiple pellets is shown in Figure 4. In this instance, large dculcrillll]

pellets were injected every 50 rnsec into an 16=360 kA plasma }watcd with 1.6 hi\\’ of

ICRH power at frequency 2~H. The observed FWIIA1 of 70-75 ~ of the Do spcctrii]

line is consistent with average densities of order 2x1017cm-3, assuming an LIE mo(l~’l.z”

Based on the relative brightness of the background plasma Iinc, wc know that this for t,]lis

particular case, the field of view was not centered cm the b[ight~t part of the pellet cloud,

The decrease at line center is expected, but unfortunately a laser burnspot on tllc array
is also contributing slightly in this instance! Successive pellets arc seen to have sill]ilar

broadening. These results are in general agreement with similar mmusurcrncnts 011 1’1.’1’,

TFTR, TEXT and TFR.

W. DISCUSSION

\!rc have shown ncw nlcasurcnmnts of pellets in the ASDIIX IJlastlm, bvit]l a t’ari(’[j. of

time, space, and wavclcllgth resolving diagnostics. \\~hen con) billed fvitll a diffrrr[ll ! ill’g[’l

])lasmas and even pellet inject.ors, wc !~avc been able to sw the pellet al~latiol~ l~rocms (roll]
a Iwt.tcr vimvpoint, resulting in a m-w model for the dynamics of tlI(I Ilon-st. a[io])ar~ I)(JII{LI

cloud shield il]gt A model of a neutral cloud being alt.urnalcly fornwd, and tlwn I(:[t 1~(’llill(l

as the pellet edges out of the dense cloud shielding in flucncc, IcI)(Is it srlf llatllrilll)” 10 i~l]

oscillatory cxplanatioll of the pellet ablation rate. An instability ill t,lw ncutrat slli(.lflillg

cloud can cvidcnl]y bc triggered by as yet unspecified plaslna conditiwls. ‘1’l~isW;Wfirst
~llgg(.st(:(! t)Y i]ficll]s and IIM been qua]itativcly dcscribcd by llurst. is

‘1’heassociation] of a dip in th~ light intensity in the al)latant cloud tvitll tlw l)rtv+vl([’ ~1[
14 has nmv Im!ll modcltcd, and a hollow al~latant l)rofil(’ is il kry r(’(lllir(’111(’111tl]c instal)ilily, .

for tlw ablation instability in t.lw tlwory, and highly suggm+tivu of tilt: Iwllmv Iiglll l)rt~lil(’s

s(w) in tlw (~xpmimcnllm This is dmcritmcf by Ncuhauscr an(l Wulldvrlicll,lR with t II(’ 1((1)1

finding Imillg that Imtll a critical ablation ratr thrcsl)lmhl ~1~ a liolhm’ clolid ])r(llil(’ a141

r(quir(!d h ot)tain all oscillating ablation rate. ‘1’l14!Ilf”t r(’sull of 111(’]M”lh”tal)li~tioli (~sfill;~

tion%, is a rmlurtiml in the pellet pmwtratio[l depth rf’latit~c to a Ily])[)tllrtic;t] C;W(I\Yil,l)olll

[)srillaliolls, Ail intrrmting prcdi(-tioll of this IIm(l{~l,is tlliit tli(’ s[)at iill s(.ik](~ ](IIIgI II of [ II(,

illstiLbili~,y Varh frOlll 011(”to tw’()tilll(’S 111(! C]OU(] k)llkitioll ril(]i{l S, f(J~ (lifr(V’(’llt (’]011({ IJI{)

film, dvpmldillg oil tlw dcgrw of illstill~ility. Kxlwrillwiltal trots with wiflvly (Iifl’f’rillg 1)11111’I

i’rlocitics, ill(licat(’ that tlw ablation instal)i]ity frcqurncy is not a sil]ll)l(’ Iitwar fllil(”li[)ll ~J

1.11(’I)(:!l(:t v(’lo(.ity, I)llt colll]dicdlwl I)y hack~round I)lil!illlit r~)[l(litio]ls, Ilov”cvrr, I,]](Iitll’il

of rfwmallt q-surfaws Imillg solvly rcs]ml]sil)h~ for tlw flllrtuatiolls, is (’]illlill,ktr(l l)!’ SII)IV

IAh’[ rx]wrillmi)ts, wlwrt’ lllally Ill(m’ pcrimls [jf t)scillfil if)ll al{’ s(’(’)1 i\S I,IIc 1)(.11(.1 I I;I\’(”1,.

t Ilrollgl] ttw siulw I,lasil]a rrgi(Jll, (.ollll)ill(’(1 t(J il fa..slvr 1)(’11(’1,.

lh!\ililS of striation frvqlwll(.y, (1( ’1)( ’ll[]f ’11(’(’ (Jll 1)(’]h’l l’(’h)(’it~, .siz(’, i~ll(l (x)ll[lili(Jll~ 1{~1

tll(’ t)llw’t (illl(l dmllis(’) of I I](’inslaljilily ill’r Ill](frr illi’(’sligillit~ll, tvit II I ]If’ illlt’lil I(J ljl~ltitl[’
Isllflif.i(’llt llll~llt for r{)ltl]mrgs~)lls !.!) t~t~(“ illo{l(*llillg, illl(l r~)lll)lillg of I]lis Ilf!w l]lll”>itI, illltl

l)rmfittivr r[J{lt*sfor flltllrc” (l~”vi(~w,
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Figure 1: (a) White light reference photo with radial calibration staff along flight path
of pellets from the centrifuge injector. The r=40 cm position is at the inner edge of the
black mark, just above the left-right inverted ‘3” on the rod. (b) Schematic cross section

of ASDEX, depicting the field of view for the “top-viewn camera, as seen from side on.

Figure 2: Time-resolved, multi ply-gated CCD pictures (0.3 pscc cxposul:c every II7 /Iscc),
for a variety of plasma conditions. The toroidal electron drift direction is from left to right
in the photos, and the pellets enter the plasma radially with a velocity of 570 nl/s, from

the bottom of each photo. In each case, 14=320 kA, BI=2.17 l’, and density before tlw
beginning of the pellet sequence was ii, =1.4x1013 cm-3. (a)Shot 26454, 4th pcl]ct, 200 IIISL’C

after Lower Hybrid shutoff. (b) Shot 26459, no LH, 41h pellet. (c) Shot 26458, no 1.11, first

pellet. (d) Shot 26461, second pellet, 140 ms after shutoff of 0.5 hlW 1,11 power. Note (I]o
enlarged toroidal extent of clouds.

Figure 3: The ablation instability as smn by (a) wide angle and (b) narrow Iirltt of vi(*tv

Iig!;t emission detectors. Shot 27516, a 4% neon-doped dcutcriuln pellet with VP=52:I 111/s

initial wlocity, 14=320 kA, Ilf=2.1 S ‘I’, with 1.1 h4\\’ neutral beam injection powm.

h’igurc 4: Stark bmadcnillg of I)fl light frol]] tlIc prllct CIOUCI, for IINIlt il)lv ])cII(ws, (Illrillg

ASDEX shot 28531, obtained with a free-rllnl]illg I{rticcm array. Not(! tlw lo\wr l(:\.(sl, ;III(I

narrower rnlissicm from the backgroul~d pliwllm Iirw I)rior 10 I II(* ]N’thl s(’(l II(v) (r.
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