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Abstract 

Probe measurements in MST indicate that RFP particle and energy loss is 
governed by magnetic fluctuations inside r/a = 0.8, with energy carried out 
convectively by superthermal electrons. The radial loss rate is lower than the 
Rechester-Rosenbluth level, presumably due to the establishment of a restrain
ing ambipolar potential. Several aspects of these measurements contradict the 
Kinetic Dynamo Theory, while the MHD dynamo EMF is measured to be large 
enough to drive the edge current carried by these superthermal electrons. 

1. INTRODUCTION 

The large magnetic fluctuation levels in the RFP have long been thought to be 
responsible for the reduced confinement time as compared to tokamaks of simi
lar size and current. However, as in the tokamak, electrostatic fluctuations have 
been found to govern particle confinement in the extreme edge of the RFP [1,2]. 
We have conducted probe measurements of the fluctuation induced transport 
of particles [3] and energy [4] further into the plasma (r/a > 0.75) of the MST 
reversed-field pinch [5], as well as local measurements of the MHD dynamo [6] in 
the edge. These measurements indicate that inside r/a ~ 0.85, magnetic fluctu
ation induced loss of superthermal electrons governs both particle transport and 
heat loss via convection while electrostatic fluctuations become less important. 
The electron radial loss rate is reduced to that of the ions, presumably by an 
ambipolar electric field. The MHD dynamo EMF has been measured to have 
the required value to drive the local current in the edge. 

2. PARTICLE TRANSPORT 

Particle transport measurements were made with an electrostatic electron energy 
analyzer (EEA), which measures the current j P of edge electrons with energy 
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E > T e a ~ 50 eV, which carry most of the parallel current, in combination with 
magnetic pickup coils. The radial particle flux due to magnetic fluctuations Tr on 
(jebr), is given in the frequency domain by the associated coherence spectrum 
(Fig. 1) and relative phase. The rms amplitude of ]e/je is close to 100% while 
br ~ 2%. The coherence 7 < 60% and the phase varies from zero to ir/2 in the 
0-250 kHz range. While j . e is too small at the extreme edge to account for the 
transport, where electrostatic fluctuation-induced transport dominates [1, 2] it 
becomes large enough inside r/a = 0.85 to account for all of the radial particle 
loss (Fig. 2), with the main contribution from fluctuations in the tearing mode 
frequency range below 20 kHz, "where the coherence is largest and the relative 
phase is near zero. 

Using the measured superthermal electron density gradient, we estimate 
the associated diffusion coefficient Dmag ~ 500 m 2 / s , a factor of four smaller 
than the estimated Rechester-Rosenbluth value [7] given by DRR = (b^)vuLac, 
where Lac ~ 1 m is the parallel autocorrelation length for magnetic fluctuations, 
dominated by m = 1 tearing modes [8]. In order to reduce the radial flux by 
a factor of four, a radial electric field of around 500 V/m is required [9]. This 
field strength gives an E x B drift which, combined with the estimated ion 
diamagnetic drift of similar magnitude, agrees qualitatively with the measured 
toroidal rotation speed (10 6 cm/s) of CV impurity ions. Bulk electron transport 
is suppressed by the ambipolar field. 

By varying the bias on the EEA repeller electrode, we can investigate the 
energy dependence of the electron current and radial flux, as shown in Fig. 3. 
The fact that higher energy electrons make a larger relative contribution to radial 
flux is consistent with the picture of magnetic fluctuation induced transport. 

3. ENERGY TRANSPORT 

The magnetic fluctuation induced energy flux Qr was measured with a py-
robolometer probe, which measures the parallel heat flux q\\, dominated by 
superthermal electrons, in combination with magnetic pickup coils, to provide 
Qr = (<7||M- The rms amplitude of q~\\/q\\ — 60-90%, while q^ ~ 2000 W c m - 3 at 
r/a = 0.9 in 120 kA discharges. This is consistent with the EEA measurement 
if 

^ V ^ W x + V ) ' U ) 

where vj ~ 2 x 108 m/s is the measured drift speed, TJJ ~ 100 eV and T±_ ~ 20 
eV. 

As shown in Fig. 2, the radial heat flux QT increases inside r/a = 0.85 similar 
to T r . As in the case of the particle transport measurements, there is strong 
coherence (7 ~ 45%) between q\\ and br around the 10 kHz peak of the m = 1 
tearing fluctuations, driving most of the radial flux. Fig. 1 summarizes the 
EEA and pyrobolometer cross-coherence measurements. A comparison of the 
radial particle and energy fluxes along with the electron distribution measured 
with the EEA indicates that Qr is dominated by convective loss of superthermal 
electrons. 
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4. M H D D Y N A M O 

The R F P dynamo, which drives the poloidal current in the outer portion of 
the discharge, has been described with two leading models, the MHD dynamo, 
in which a fluctuation-induced EMF (V x B) | | sustains the current, and the 
kinetic dynamo (KDT) [10], in which superthermal core electrons carry parallel 
momentum and therefore field-aligned current as they transport radially. While 
measurements in MST indicate that the bulk of the edge current is carried by 
superthermal electrons, they may be driven locally by an MHD dynamo EMF 
rather than arising from the KDT mechanism. 

Measurements of the MHD dynamo term [6] (Vx x Bj_)|| have been made in 
the edge with triple Langmuir probes to measure Ej_, from which Vj_ = Ej_/-B 
is computed, along with magnetic pickup coils and a small Rogowski coil which 
measures the local current density. These measurements indicate that the MHD 
dynamo is sufficient to drive the edge current both between and during sawtooth 
crashes (Fig. 4). A burst of dynamo EMF is observed during the sawtooth crash, 
followed by an increase in the local parallel current and an associated induced 

5. C O N C L U S I O N S 

Several aspects of our measurements conflict with the Kinetic Dynamo Theory 
(KDT): (1) 2 \ ~ 20 eV is well below the central electron temperature T e 0 ^ 120 
eV; (2) the superthermal electron density is independent of the runaway param
eter E/Ec; (3) the measured transport rate is such that an electron experiences 
many collisions in transiting from the core to edge; and (4) the MHD dynamo 
term has been measured to be sufficient to drive the local edge current. We 
conclude that the edge superthermal electrons are driven locally by the MHD 
dynamo EMF. 

Probe measurements in MST indicate that RFP particle and energy loss is 
governed by magnetic fluctuations inside rja = 0.8, with energy carried out 
convectively by superthermal electrons. The radial loss rate is lower than the 
Rechester-Rosenbluth level, due to the establishment of a restraining ambipolar 
potential. 

This work was supported by the US Department of Energy. 
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Figure Captions 

Figure 1 Cross-coherence spectra for {jebr) a n d (9\\^r) measured with the 
EEA, pyrobolometer and local magnetic pickup coils at r/a = 0.8. 

Figure 2 Magnetic fluctuation induced particle flux T r and energy flux Qr in 
the outer one-quarter of the plasma. Tr and QT are comparable in magnitude 
to the estimated total fluxes inside r/a = 0.85. 

Figure 3 The dependence of parallel electron current and magnetic 
fluctuation induced radial flux on the repeller electrode bias voltage. Electrons 
are collected with energy exceeding the repeller bias. 

Figure 4 Comparison of MHD dynamo electric field (E±b±) to (a) rjj^ and 
(b) r)2\\ — E\\ during one sawtooth crash. Data were combined from 150 
sawtooth crashes in 30 discharges. 
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