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J\hotract: Pre i o niz""tion i, achieved in t a eoidal geometry by l.n ­

duced a:dmuthal curr ent • • Favourable breakdown propertie s down 

to fHlinq preB s ures o f J mTorr 02 and suitable preionization 

pl asmas we t'e established by application of a cf- pred i schllrge and 

Buperposition of s mall azimut hal magnet i c tields .... ith only 10 kV 

potential diffe!:ence IIromd the 2 mete r long torus circumference. 

I n the pres ent studies preionization o f deutel:l.um was investi­

gated in toroidll1 geometry for subsequent high-P experiments. 1\ 

t oruB vess e l with 11 majo r radius R - 30 cm and a sm.aller radius 

r ~ S cm WIIS used . It ""S S s urrounded by a 1 mm thiCK copper shell. 

which was t o .imulate the current leads in case of a toroidal 

high-energy I!xper iment. The preionizat ion of the gas wa s ilchir:ved 

by az imuthal currents which ~re induced inside the t o rus by pri­

mary current. ( Iz-cur rent s) in two current belts. These two belt. 

encirc led the circumference of the torus outside the copper shell 

on the outer and the inner major radius. respectively. Shortening 

o f induced curren t. in the copper .hel l was prevented by corre. ­

p ond ing insulated s lit •. The pr imary lz-currents in the belt. 

.... ere lIupplied by a bank of 16 Kvolt. charging voltage, .... hich cor­

respond. to 10 Kvolts p o tential difference along the 200 em long 

belt t! around the torus . This rellltively low value was chosen to 

reduce the d!'lnger of adverse coupling of the preionization cir­

cuit to sub.l!quent d i scharge circuits. The quartl!r period used 

WllS corr espo ndingly r e latively long. It hlld a value of 10 1.ISI!C 

and enllhled . u f ficient breakdown in the same quarter per i od with 

delllytimes o f up to 7 1.I.ec. In lIddition to the induced currents 

azimuthlll mllqnetic field. of up to 5 kGauss could be generated 

i n sidl! the torus by .eparate meridional windings and the corre. ­

ponding Bz-bank. Pinally,it was possible to investigate the 

breakdown behav iour of deuterium i n the presence of a prl!ceding 

B-HHz-r f-pr l!di.charge . It was coupled into t he torus by B pairs 

Of loq>s aro und the I!II.aller diSllleter of the torus vesllel. ""'ich 

were equidistantly distributed along its circumference . The 

aVl!rage peak t o peak voltage of these rf-oscillations waa 10 kV. 

A) Breakdown properties of the toroidal di$charges . 

The diatribut ion of the electric fields inside the torua veaael 

before breakdown corresponds to the equivalent situation in the 

thetapinch geometry, whiCh waa diacussed. e.g.,by Chodura et al. 

ll). I t r esults from the superpos ltion of the curl-field due to 

the increasing lz-currents and of the e lectric potential field 

from the charges on the aur f ace of the electric lead outside the 

tor us veaae l, which in the present arrangement is the copper 

shell rather than the current b e l ts . The azimuthal curl- field 

contribution, which provides 11 longer p ath for the charges in­

side the torua for further ionization, is establi$hed only after 

the p otential fi e ld is screened on the inner vessel s urface by 

charge carr iers initially formed. 

The brl!akdown characteristics of the discharges investi9at e d, 

Le. the rrlationship between deuterilllll fi ll ing preasure Po 

(lIITorr) a nd delay tl.me .0. t (lIsec) between start o t the I -cur-• 
rent a and actual bre akdown, are s ummarized to a fir s t appro-

ximation by t he relationshi p: 

Po ~ t • const. 

In t hi s represe ntat ion any cor­

r action i s omitted s uch a. pro­

posed by Maleaani and Nevton(2) . 

The experimental results are s hown 

in the diagram. The plotted values 

connected by the solid line r e fer 

to the case where n o r f - predi. ­

charge -..as applied. They i ndicate: 

(i) The hyperbolic reiationahip 

Cited givea a suitable represe n­

tation of the r esults. which were 

obtained f or f illing pressurea 

f rom SO mTorr o n downwards . 
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(ii) At compl ete absence o f superimposed magneti c fie lds brea1c­

d:;,wn .... ith delay times b.. t ~7 lIsec could only b e achieved for 

fil ling pres sures po,..15 lnTorr . 

(Hi) Applic a tion of small Bz-Hclds illOProved the breakdown be­

haviour cOfl"iderllhly: At Bz • 700 Gauaa bre alotdown occured for 

po~ ) m'l' o rr D2' This can be understood from an ~tended pre­

sence o f accelerated charge carrier s inside t"e tocus volume 

be f o re they are lost for ionization proce sses by wall contact . 

(tv) .... t higher Bz-fields the breakdown behaviour worsened a gain . 

Thi s is a t tributed to the fact that &creening of the electric 

puttmLial fi eld on the inner vc <>"el I>urfac .. by chlLl' 'l'' cll.rrie rs 

i s increllsingl y impeded by the higher az i muthal Bz-fields . 

Alao shown in the diagram are some result s where the dischsrge 

wal preceded by the 8-MJ-lz-rf of 10 lISec duration. }\ subatantia l 

irr;>rovement was observed in this situation, e.g . even in the ab­

sence o f any Bz-held breakdown did now occur for p~ mTorr . 

The duration of the rf-predischarge h ... d only a minor effect o n 

thi s improve~nt when longer than 2 ~sec. The ai~le hyperbolic 

relatio nship cited, however. is no longer valid: At h igher fil ­

ling prea.uces breakdown occured together with the start o f the 

I
z
-current15. whereas at low po-values breakdown rapidly failed . 

Since only small amounts of impurities were found lib'l'rated by 

the r f -discharge the observed improve~t in the breakdown pro­

per ti e s is interpreted as an enhanced screening of the poten­

tial fie l d by additional chargea formed in the r f-o.ci llations. 

B. Properties of the toroidal preionization pl •• ~a8. 

Without sup erimposed Bz-fields the plas~a was COMpre.sed after 

breakdown to ... current channel of about 2 cm di8lll.ter whi ch be­

c llIIIe unstable after 2 ,"sec. "ft e r this moment the impurity l e­

vel rapidly exceeded valuea of 1 '111 . In order to avoid this unde­

sired behaviour of the plasma two measures have bl!en taken : 

(i) A crowbar in the primary Iz-current circuit I paec after 

achieved brellkdown provided a limitation of the rapidly irlcrea .. 

eing plasnla current to value. between 15 and 20 ltA!IIpa. 

(ii) A. Wil8 indicilted already, it .... as trie d to reach a atable 

equilibrium position of the toroidal preionization pIa ... by 

supecpo.ition of azimuthal maqnetic f ields. 
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PrObe IMlasurements of the B
z

- a.nd Be- fie ld. in the plaalll&. gave 

evidence that even small aupl!rirnposad field. of Bz - 400 Gaus. 

were suffic ient to attain a stable plasm ... in the toru s when the 

croWbar in the primary lz-circuit w ... s used . In this caae the 

plasma current {la..Ied fairly hO\tlOgeneou.ly seroas about 2/3 of 

the diameter of the discharge vessel !II uch that t he copper wall s 

could support stabilization of the toroidal p l tlsllli!! coluran. The 

ionization degree achieved was derived from the Dj3 (4B6O) - l i ne 

profile and was found to ·be 0(. • 0.1 at 15 1.Isec after brealcdown 

for po · 15 lIITorr . The plasma t e ll'perature waa then eatimated to 

be below 1 eV from the e lectron dena ity values obtained and fr an 

the llhaolute intensity of the n{J- line. The impurity level from 

carbon and oxygen contaminations ........ of the o r der of 0. 1 " . App­

lication of a preceding B-MHz-r f predischarge did not alter the 

above findings, ~cept that the inlpurity level increa.ed to 

about 0 .2 " at 5 1.ISec rf-duration and 0 . 8 " at 20 ".ec rf- dura­

tion. 
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