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consin, R.A. MOYER, UCSD, J.G. WATKINS, Sandia National Labo-
ratories — One possible mechanism for transport of heat and parti-
cles in plasmas is the avalanche process associated with self-organized
criticality. We have found evidence for avalanches in edge and core
measurements.2,3 Recent experiments with low power, essentially sta-
tionary L–mode plasmas have allowed collection of simultaneous core
plasma data on electron temperature and density fluctuations using the
ECE, BES, and reflectometer diagnostics, and edge data using Langmuir
probes. These measurements are examined for evidence of SOC-like be-
havior. The anticipated characteristics include Fourier spectra (1/f),
power-law PDF for events, and extended space-time cross-correlations
with power-law tails. Cross-correlations between temperature and den-
sity fluctuations should give some indication of the energy transport.
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Addendum to abstract:

The abstract for this paper notes that “Recent experiments with
low power, essentially stationary L-mode plasmas have allowed
collection of simultaneous core plasma data on electron
temperature and density fluctuations using the ECE, BES, and
reflectometer diagnostics, and edge data using Langmuir probes.”
The abstract points out the importance of looking for cross-
correlations between these observations in evaluating the energy
transport associated with avalanches.

Unfortunately, the data collected in this piggy-back experiment
indicated the presence of either very small sawteeth or small
n/m = 1/1 modes, which would interfere with the attempt at a
cross-comparison between measurements of temperature and
density fluctuations.  This important analysis will have to wait



until we obtain dedicated time, perhaps in the coming year, so that
suitable plasma conditions can be provided.

Meanwhile, the electron temperature data from the spring of
1998 has been further examined.  This poster presents some of the
observations of intermittent transport events (avalanches) as seen
in the data obtained by the Electron Cyclotron Emission (ECE)
diagnostic instrument.  This analysis looks specifically at the
“effective” radial speed.

I hope that presentation of these observations will encourage
further theoretical work, particularly with an eye toward prediction
of measurable quantities.  I am also soliciting suggestions of
additional analysis techniques that might be productively applied
to these observations.



Plasma Equilibrium Conditions

A database of 23 discharges suitable for study of intermittent
avalanche events in Te has been accumulated.  These plasmas were
produced in experiments principally dedicated to ECCD studies.

The periods of interest typically have one neutral beam source for
heating (~2.5 MW), with 0, 1, or 2 110 GHz gyrotrons for ECH
and ECCD (0-1.2 MW).  These plasmas have an upper single null
divertor shape with high triangularity, and show L-mode
confinement.

For each discharge, during the interval selected for analysis q is
monotonic, with q(0) > 1 and with negligible MHD activity.  For
most studies, an interval of 500 ms is used.



The data set is a time series of Te measurements on 32 channels.
The sampling interval is 20 µs, giving a Nyquist frequency of
25 kHz.  The sample volumes are at the midplane, at one toroidal
location, covering most of the radial extent of the plasma.  The
channels have a fixed 1GHz frequency separation, which translates
into between 1.5 cm and 6 cm separation in ρ = (Φ/πB0)

1/2.

At these low frequencies, the equilibration of Te within a flux
surface by parallel electron heat conduction is fast enough  that the
local Te measurement provides a representative sampling of the
entire magnetic surface.  Note that, for Te = 1 keV and ne = 3 × 1019

m–3, χ|| ≈ 5 × 109 m2/s; so that the characteristic time for 30 toroidal
transits (~300 m) is about 20 µs.

To obtain the fluctuating temperature, δT r te i j,( ), the mean
value (T re i( )) and any linear trend are subtracted from the ECE
value.



Because this is a 2-D data set (Te(ρ,t)), the spatial extent and speed
characteristics of the avalanches can be examined.  The primary
technique used here is the calculation of the cross-correlation
matrix for all channels.

The quantity calculated is
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where fi and fj can be either the absolute (δTe) or the relative
(δTe/Te) temperature fluctuation.

The best way found to display this array is to select one channel as
the reference channel (i = iref), and to make a contour plot of Cij(τk)
as a function of channel number j and lag τk.  The qualitative



behavior of the cross-correlation can be understood from the
contour plots for a sampling of reference channels.



Observations on the effective avalanche speed:

✧   There is an outer region (r/a ≥ 0.5) where the effective speed is
~400±200 m/s.

✧  In an intermediate region (0.2 ≤ r/a ≤ 0.4), the effective speed is
~10±10 m/s.

✧  Near the axis (r/a ≤ 0.1), the effective speed is ~10 m/s inward.

✥  These zones remain in the same places when B is raised or
lowered (shifting the ECE channel locations).

✥  These zones appear to correlate with regions of different
behavior of ∇ Te.

✥  There is not enough data to relate the effective speed to the
magnitude or location of ECH power deposition.
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