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Abstract

Recent computational and analytical turbulence models have predicted radially-
extended dynamical structures such as avalanches, streamers, and heat pulses, which
are thought to significantly affect the cross-field turbulent transport in magnetically
confined plasmas.  In order to search for the existence of such structures, detailed
experiments using arrays of probes have been undertaken in the LArge Plasma Device
at the UCLA Basic Plasma Science User Facility.  Steady state plasmas with stationary
periods of at least 1000 local autocorrelation times have been obtained, allowing
unambiguous probing of the mesoscale range.  Inside the cathode radius density
fluctuations are found to have nearly Gaussian pdf’ s and low intermittency, but
significant long-range correlations (H ~ 0.7).  Outside the cathode radius, density
fluctuations are highly intermittent and non-Gaussian, and long-range correlation are
reduced (H ~ 0.6).  Separating these two regions is a sheared Er x Bz flow layer, where
density fluctuations exhibit low intermittency, Gaussian pdf’ s and reduced Hurst
exponents (H ~ 0.5–0.6).  The radial particle flux pdf is highly non-Gaussian
throughout.
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Motivation

• Radially-extended, long-range dynamical structures such as avalanches, 
“ heat pulses” and streamers have been predicted in several recent 
turbulence/transport models, both analytical and nu merical.

(e.g. Diamond and Hahm, Phys Plasmas 2, 3640 (1995); Newman, et al, 
Phys Plasmas 3, 1858 (1996); Nevins, Bul Am Phys Soc 45, 158 (2000))

• Long-range correlations have also been predicted in theory based on the 
standard turbulence paradigm.

(e.g. Krommes, Phys Plasmas 7, 1752 (1999)

• These long-range correlations are predicted to significantly affect the 
cross-field turbulent t ransport in magnetically confined plasmas.

• There is some experimental evidence for the existence of such long-range
correlations and dynamical structures in magnetic confinement fusion 
plasmas.

(e.g. B.A. Carreras, et al Phys Plasmas 6, 1885 (1999); P.A. Politzer, et al 
Phys Plasmas 9, 1962 (2002); M. Gilmore, et al Bull Amer Phys Soc 46, 
252 (2001))



Goals

• To search for the existence of long-time correlations, and associated
intermittency, in the fluctuations of a magnetized plasma which could
indicate the existence of “avalanche”-type dynamical structures in a
controlled laboratory environment.

• To investigate the influence on long range correlations in the plasma
turbulence of

- sheared flows

- parallel vs. perpendicular “drive”

- boundary conditions and system size

- ion mass (isotope) and magnetic field strength

• Although a state of self-organized criticality (SOC) can probably not be
proven to exist, can it be ruled out ?



The LArge Plasma Device Upgrade (LAPD-U)
at the UCLA Basic Plasma Science National User Facility

The LAPD-U is a linear,
hot cathode discharge
device, 20 m long, and 1
m in diameter.  The
magnetic field is
solenoidal, and constant
across the plasma
column.  Discharges last
10 – 15 ms, and are
pulsed at a 1 Hz. rep.
rate.  Plasma parameters
are highly repeatable
shot to shot.


