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TV ste3iv-3V-i*o r>l-?s;«j in t^e ELM3 Buipy Tcr'j=- i-.BT- ;s -.roafi'.-.'i .
M • r i e l i rrodueed by jDinir:.; ~>H na^n.-r.i -.-.rror ;--•."..
?ct r~^j-> t^cc.s. H«3t..it.? ?jwr:r i s p rov i i^ i hy . -«Mvj j i . -

icw) »icro»j;f"- sc?^r?."p .it 2a 3Hz. "53 -1HJ.'., in>i i j . ' j j.Hz. Ti-.
io f i e l J ir -".i^jstcj \,c bri.n^ e i t h e r t.he 2?. .JHz •• *-' 1^ "•.•

aisrowaves into Itjcj; ^le.^tron cyclotron resonaac^ irj * h< toro:'i:-.
p lasaa . TSe two- jas-v? ai-° referred to as SBT-S (Tor S--»l'i> .IR-I S---T-..
r e spec t ive ly . T~>? • r ro iaa i pl^siaa hits i»oen .S*JOWI t.o h-» T:i?ro.-.nc^ic^liy
s t a b i l i s e d tiy l:->? '3-i^r.oti? f ie ld aodifir:atic:n r e su l t i ng fror: •5i-ia-î "--i-T.iT
4r>nuli of enerze*i-. oipatrons whioh fara in «rsch c e l i T- *• !•"•::!'. >f 'rs-.-
aicrowaye heat inc.

The EBT-3 confi'.Jrati^n 'Employs ;i ?8 (JKs IH .t>-rolr-̂ j> '-iS^. -iGvvlon^i
by Varian Asscc:^'«,-:;. for t>v> purpose of scaling the :uar--33 p.tMSTtors
with applied rsicrsv.*••.••: fre^viflnny. Operation of the ^aach'it1 in ?.»io SBT-o
configuration iiis t-2"n far a limited tiatc to 1-ait», =r> ^xp-^rimc-nta;
doeuaentation ^f t i° plasma in EBT-S is a prW»': objective of f̂i1:-
experiaental ^r.".:;j. ?cous<;nt:itiori of the plasma paraoot^ra in *ho ib'f-1
siode is acre acnplct-*. '

3? .-L:\SHA eARAMETSRS IN EBT-1

The plasraa piran^tcrs in the EBT-I aodt> li.ive boon as-?a;sor-»ri by 3.
variety of Jiacrvs* :.r techniques. The results of a typicji Jata nun i'i
the aaprostablc r-*?;iâ  (T-.-soJe) of operation *re listed in Tibl^ '.

These paraneter? do not represent the maximum values of any if the
parameters, but rv.tner tno case for which the greatest araoant :f
diagnostia inforaatl-^ is available. A3 tho rwibiant pressure is rc-djê i
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viewer collisionality), both the density and electron temperature (and,
:crjse-3Msntly, the energy lifetime) are observed to increase (see fig3. 1
awi i). In addition, the ion teaperature and the potential -..-ell deptn
also arc greater at lower collisionality.

Ti-? two measurements of electron temperature (soft x-ray and laser
sc it taring) differ significantly. The i iser soattering spectrum for tr.e
:as-; s-.vca in Table 1 i3 shown in Fig. j. The analysis of this speatrya
'-."!:a;*t -3 an uncertainty of +75 eV in the temperiture determination. Trie
ur.-nrtsmty in the soft x-ray Measurement is estimated to be in the

of +50J.
:'ilculation of the energy t fetime, 10-25$ of the applied
C3W-T was assumed to be absorb :d by the plasma electrons.

»?.::•.: of a typical EBT-I run

MACHINE PARAMETERS

H^:v^:- field
*';;j->r ;\->dius
•••;-.-•• r iai-.?, aidplane

r I-::-! vcl'J:ae
";<:;rti: aspect ratio

L. •.-.<? averaged density, n e

Sleotror. teapersiture, T e

Ion t.».7.ner3ture, Tj
Pcv--,Mil well depth,A$
T:3er-•>• i I f et ime, X

'<•. ;;»! SCALING LAWS

5 kG midplane 10 kG mirror
150 cm
12 cm
300 liters
9:1
40 kW at 13 GHz + 6 kW at 10.6 GHz

5.5x10 toi-r (outside cavity)

PLASMA PARAMETERS

Diagnoatic lUlXiig.
Microwave interferometer 6+2x10 ci
Soft x-ray detector 3?5 eV
Thomson scattering 120+75 eV
Charge exchange 53 eV
Heavy ion beam probe 80 V

1-2.5 msec

7:i*? basic plasma parameters in EBT [density (n), electron
tusperature (T e), and confineaent time (r)] are predicted to scale in the
fellowing manner. The plasma density is limited by microwave cutoff, so
ir.'x sjaximuB attainable density increases as the square of the microwave
f"1-- ;;:oncy. Since the magnetic field required to bring the applied
Lrrowive pc

t:

-?leo"ron temperature, as determined by the soft x-ray detector, has been
nl^sarvel to increase oroportional to the square root of the applied
<r,L?rcn3ve power (T e«tP ). The confinement time exhibits two different
s:aiins relations, depending on the regime of collisionality (Min) in
•*:.i;h the plasma operates.



1. JUDIAL TMNSPORT CALCUUTIONS WITH CONSTANT EDGE NEUTRAL FLUX

Recently, one-dimensional radial transport equations for EBT nave
be«n solved assuming a constant flux of cold neutrals at the plasma edge,
independent of toroidal plasma parameters.3 This boundary condition
provides a negative feedback aechanisa which limits thermal excursions
and allows steady-state solutions at low collisionality. Such a boundary
condition is appropriate if reflux froa the wall occurs on a time scale
slow compared to an energy containment time. Experiments indicate that
* tiae on the order of tens of ainutes is required for the plasma to
reach equilibrium with the wall. Once equilibrium is reached, puaping is
balanced by a slight gas feed of about 3x10 torr liter/sec. This feed
rate is saall compared to the flux of neutrals required to sustain the
plasma, which is about 1 torr liter/sec in the present calculations. The
source of these neutrals is assumed to be wall reflux.

The one-diaensionai radial transport equations used ip these
calculations incorporate a" self-consistent electric field. f^f The
transport coefficients are assumed to be approximately neoclassical and
include lowest order effects of velocity space regions where poloidal
drift frequencies are small. •'

Experimental results are often plotted versus ambient neutral
pressure as given by ion gauges. For comparison with such data, the
numerical results are plotted as a function of pQ - nQkT0, where nQ is
the density of cold neutrals at the plasma edge and kTQ = SQ - 0.5 eV.
Note that p. is similar to but not equal to the ion gauge pressure. In
the eollislonless regime (low neutral pressure), the parametric
dependence on edge neutral pressure is similar to that observed
experimentally; i.e., density, temperature, and potential all increase
with decreasing neutral pressure. Compare Fig. 4 with Figs. 1 and 2.
Experiments apparently do not observe the collisional scaling at high
neutral pressures since the electron ring beta is not sufficient to
stabilize the toroidal plasma in this regime. In order to obtain
solutions matching the measured plasma parameters with the present
diffusion coefficients, the power input to the plasma must be taken to be
nearly an order of magnitude less than the experimental estimate. This
implies an energy lifetime which is an order of magnitude higher than the
experimental estimate, namely -10 msec.
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ELECTRON TEMPERATURE Te(eV) DENSITY np(arbitrary unit)
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