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4 START-UP DISCHARGE PHASE IN A CASTOR TOKAMAK

Valovi& M., Badalec J,, Jakubka X., Kopecky V.,
Stockel J., Zddek F.

Ingtitute of Plasma Physics, Czechoslovalk 4cademy of Sciences,

Pod voddrengkou v8i{ 4, 182 11 Prague 8, Czechoslovekia
Abstract: It is shown experimentallj, that during the inductive
Tokamak breakdown strong overthermal plasma potenblal is geners-
ted. Simultaneously convective losses during the breakdown are
measured. Mechanism of the losses and generation of electrosta-
tic field is discussed,

Introduction: 4s is known, time delay between switching-on of ths
ohmic heating circuit end formation of the plasma with substenii-
al density can be minimalized by a sultable external perpendicu-
lar magnetic field. During this time interval electron density
rises due to avalanche ionization: n n»ﬂrt. Ewponeuulal rate is
‘given by p=/3-T7 1, where 1ossless avalanche rate A is a
¥mown function [1] of reduced toroidal electric field E/n (n~ -
v ‘—Illllng atom density) and 7 denotes loss time. During the avala-
nche a poloidel magnetic field is smaller than total perpendicu-
lar magnetic field By (summ of external and stray fields). Seve-
ral mechanisms.of breakdowmn logses has been proposed. Geometrl&ﬂ
electron losses [2] give T= a/(vDBL/Bn), where vp= I /(Ma en, )
is electron drift veloc1ty, I -~ plasma current, a - plasma radnm
- e~electron charge and B —tor01dal magnetic field. Ambipolar toro-
idal drift for B, = V= 0 leads to Bohm~like diffusion [3]. In
the case V= 0, By# 0 and fully ionized plaswa expression for
T is found inf4]. In [5] is considered breakdown between limi-
ters as electrodes. Picture of the tokemek breakdown is not clesr
up to now. Present paper is g contrlbutlon to -this problem,

Lxgerlmenu To 1nvest1gate inductive. brea&down we try to look
simultaneously for logses and plasma potentlal. Measurements wag
perxormed on CASTOR tokamak with msjor radius R = 0, 4m and plasg-
ma radius a = 85mm, Geometry of the experiment is shown on Fig.l.
Net plasma current was measured by Rogowskl coil inserted into
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limiter shzdow., Floating potential on the plasma edge was deteo-
ted by a set of Langmuir probes. Toreidal magnetic field B =1,3T
and filling hydrogen atom density n=2. Dx1019 -3 wag held flxcd.
Dynaemics of the breakdown for B;= -1mT, vertically oriented, is
shown on Fig. 2. Plasma current exponentially rises up to the
breakdown value IB’ corresponding to the transition into the fu-
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potential (electron temperaiture T_= 10eV). Since peak wvalue
of electrostatic field is approximately the differs

nce of the

iy

loating poteniials of the opposite probesz: 2aE; = 'ﬁ7(1)—UﬂL(2)
Purther, we changed perpendicular magnetic field both in vertical
and horigzontal directions in the interval [Bil= 0 - 2mT. Break-
down voltage rises with |3, ané is Uz= 20-36V. This intervel cor-
responds o the electron drift velociiy vo= (0.85-1.3)x10°m/s ami
to the exponential rate A= (0.95—1.5)31093_1. On Fig. 3 is sgho-
wn dependence of the electrostatic field, relative losses and
breakdown current on |By} . A large scatterinc of points is cau-
ti

sed by a space inhomogensity and ftime mocu.ﬂa"l.o”1 of nﬁsnatﬂc field.

Electrostatic field is proportional to [Bf : JL-—541D BL@/W, m‘].
Losses ) are ueflned &s ithe ratio of lost electrons to the all
electrons born in the avalanche: A= 1 - /A4 , where AR

—(1/I )z(dI /dt)s Losses are proportionel to the megnetic field
and T‘eacb more than 50%. Breakdown current is rou*h1 ¥y indepen-
dent on B, . Corresponding electron density is Tip= (1~ 2)x1017 3

Discugsion: Observed,electrostatic field is strongly overther-
mal eE e ::'EDTe. Field is generated by a charge separation of
electrons and ions (fixed). Velocities of gradient and centrifu-
gal drifts are negligible and then plasma polarizes only due to
directed flow of elecirons alonz lines of force. Theoretically
electrostatic field can rise up to the steady state value Ej=

= I -q,Bl , When EIECuTOH current vanishes. In experiment steady
state is not reached because time of equilibration of space
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charge aA&DBL/BT) = 0,lms is comparable with the duration of
the avalanche. Thus the value 6f electrostatic field in our ex—
periment is about one half of value EXBT/BL‘

Charge deficit is much more smaller than the relative los-

'-(/T’e//'ns ~2& EJ_/(Ed/ﬂB)".;’. ’/0_‘5(( A

{ &~ vacuum permittivity), and then mechanism of individusl esg-
cape of electrons [2] can not be accepted. Measured losses can
be explained by i?z:i? drift. If we assume homogeneous profiles
for elecérostatic field and electron density, the loss time'is

T =(2/N)BrAE, = Sx 407" 5, : , -
fér By = ImT, This value is in a good agreement with the time
determined from the exponential rates: T= 032)—1= 2%107 s, It
mist be noted, that the rate of current rise M may be partially
affected by a "reverse" effect of electrostatic field,

Generally descrlbed mechanism can take place if the torcidal
current ex1stsbut poloidal magnetic field does not yet prevail
perpendicular one, Then it may appear in non-inductive current-
~rise experiments as well. Finally note that energy flow on the
limiter is negligible during the breakdown (1gw comparing with
100 kW in the developed discharge in our experiment). But more
danger rises from enhanced ar01ng probability due to the 1ar5e
plasma potential,

5e8:
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Fig.2: Temporal evolution oflm@ '

voltage Uy, plasma cur- -

“ent Ip (logarithmic sca-
le) and floating potenti-~
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