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Electron Transport Studies in the
Compact Auburn Torsatron

The problem of cross-field plasma transport in the pre
ence of stochastic magnetic fields has received consi
able attention in the literature because of its importan
in providing a potential explanation of the anomalous
electron thermal conductivity, in magnetic confine-
ment devices such as tokamaks and stellarators. In

terms of the magnetic fluctuation spectrum, which is as-

sumed to be known, analytic formulas have been give
for Xe in essentially all parameter regimes of possible
physical relevance [1]. However, confirmation of the

theoretical models has not been done experimentally.

On the Compact Auburn Torsatron (CAT), a “stellaratq
diode” system [2] was adopted as a tool to provide a
steady-state electron source. A set of helical coils wa
installed inside the CAT vacuum vessel to create resd
nant magnetic perturbation fields. The main compo-

nents of the perturbation magnetic field spectrum are
n/m = 1/3 anch/m = 1/4 modes, which will create mag-|
netic islands on the rational surfaces of rotational trar
form at+ =1/3 and 1/4. The vacuum magnetic field
configuration was chosen so that the average minor 1
dius for then/m = 1/4 surface is at about 5 cm, and thg
average minor radius of tiiém = 1/3 surface is at abou
8 cm. With sufficient externally applied resonant fieldg
the islands will overlap and create stochastic regions
the magnetic fields which enable study of the stochas
transport of the electrons.

The subsequent motion of the electrons leaving the
space charge sheath near the hot filament is diffusive
along and across the magnetic field, mainly involving
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collisions of electrons with neutral particles of residual
gas. In cylindrical approximation, the electron flux
across the magnetic surfaces is given by
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C?Nherer is the minor radiuRR is the major radius, and
lemis the emission current of the hot filament. The dif-
fusivity of the electrons is determined by [3]
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Heren, is the electron density, is the electron tem-
)rperature, anép is the perpendicular electric field.
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Fig. 1. Electron diffusion coefficient across good mag-
netic surfaces as a function of the electron-neutral colli-
sionality. Also plotted are the classical (solid line) and
the conventional calculations of the neoclassical
tokamak transport diffusion coefficient for the electrons
(dotted line).
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The spatial distribution of the electrons in the torsatro
was monitored by a miniature movable probe with a g
ameter of 0.25 mm and a length of 1 mm. The equal
electron density contour surfaces are found in good
agreement with magnetic flux surfaces. A small Retar
ing Field Energy Analyzer (RFEA) [4] was used to
measure the electron parallel energy distribution.

The electron diffusion coefficient across the good mal
netic surfaces is plotted in Fig. 1 as a function of the
electron-neutral particle collisionality, that is repre-
sented by the ratio of the electron mean free path
overTiR. The change of the electron-neutral collisional
ity is achieved by changing pressure of the helium ga
in the vacuum vessel chamber. Plotted also in Fig. 1
the classicall) = (pe)zven] and conventional calculation
of the neoclassical tokamak transport diffusion coeffi-
cient of the electrons, where the coulomb collision fre|
guencyv has been replaced by the electron-neutral
collision fre uency)ef Here

Dg.s = (R/r)"421/1) (pe)zven is the Galeev-Sagdeev
diffusion coefficient, an®p g = (21'r/t)2(pe)2\)en is the
Pfirsch-Schluter diffusion coefficient. In these expres-
sions,pe = V¥ Wee IS the electron Larmor radius, and
Wee IS the electron gyrofrequency. We assumege Ve”

in the estimation of the neoclassical transport coeffi-
cients withVe”the mean parallel electron velocity as
measured by the RFEA. Although the classical diffusi
coefficient is much less than the experimental measu
values, good agreement was found between the neoq
sical transport and measured values.

The electron transport in the stochastic magnetic field
shown in Fig. 2, where the electron diffusion coefficie
is again plotted as a function of the electron-neutral c
lisionality (A\,/mR). The perturbation field current is set

atl, = 100 A, which yielded an island overlap paramef

terd = Bmn + A/ (2 mn - Tmenyl) ~ 2. Heremp, oy
are the radii of the adjacent islands agg, Ay are

the island widths. The data are taken in the middle ret

gion between the 1/3 and 1/4 island radii where the fi
lines are most stochastic. The trend of the decreasing
D with increasing collision frequency is due to gradi-
ent increasing with increasing collision frequengy

The experimental results are compared with the pred
tions of the four analytic models. The four analytic mq
els, in order of the increasing collisionality, are the
collisionlessDC, the Rechester-Rosenbl@RR, the
Kadomtsev-PogthBKP, and fluidD™ models. The
horizontal bars above the figure show the relevant ap
cability regimes for the four analytic models. The ex-
perimental measured value of the transport coefficien
about a factor of 3 — 5 larger than the predictions of t
four models. However, good qualitative agreement be

ntween the experimental results and the predictions of Jt
i-four analytic models can be found. The scaling of the
data with the collisionality agrees well with the predic-
tions of the four analytic models in each of their applic
d-ble regimes.
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Fig. 2. Electron diffusion coefficient in the stochastic
plinagnetic fields as a function of the electron-neutral colli-
sionality. The experimental results are compared with
t e predictions of four analytic models. The horizontal
nebars above the figure represent the relevant applicability
_regime of each model.
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