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ANNUAL SUMMARY OF PROGRESS

This document gives a Summary of Progress for the first eight months of Year I

of the three-year DOE grant DE-FG03-85ER53199. The research project was

originally described in UCSD Proposal 90-6522, and this description is still

appropriate. The project is progressing on schedule and within budget. Much of the

first-year funding is for new equipment, and we project that these funds will be

committed by the end of the first year.

We are well underway on design of the upgrade to the present apparatus (called

V'). The upgraded apparatus (called CamV) will include a superconducting coil and a

new CCD-camera-based data acquisition system. The new apparatus will operate at

higher magnetic fields (up to 2 Tesla), and should have significantly smaller error

fields. The camera system will enable taking a complete n (r,0) "picture" on one shot,

thereby removing the shot-to-shot reproducibility limitations of the present imaging

system. Also, the camera should enable a resolution of about 0.15 mm, as compared

to the present 3 mm, an improvement by a factor of 20.

The CamV superconducting magnet system has been specified and ordered from

Cry,magnetics, Inc. The magnet will have a horizontal room-temperature bore

12 3/4 inches in diameter and 68 inches long. Maximum field will be 2 Tesla, and the

cryogenic dewar will be of aluminum construction to minimize magnetic field errors.

The magnet will be equipped with saddle coils to enable a magnetic field tilt of

10-2 radians for magnetic alignment and for plasma manipulation. The delivery of the

magnet system is scheduled for November, 1991.

One advantage of the large magnetic field is that it will enable cooling the

electrons to room temperature. In a 2 Tesla field, single-electron cyclotron radiation

gives an e-folding time of about 1 second, much less than the projected containment

times of thousands of seconds. Thus, plasmas with a range of temperatures between
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about 5 eV and 1/40th eV can be investigated.

To measure the plasma density, we intend to dump the electrons onto a phosphor,

and then look at the light output with a CCD camera outside the vacuum. The

dumped electrons must be accelerated to 10 kV without giving them a large cyclotron

radius, since this would limit the spatial resolution. We intend to accelerate with a

grounded cylinder in front of the phosphor which will be biased at 10 kV. We have

performed computer simulations of the electron orbits in this geometry, and have

concluded that the image clarity will be acceptable for ali magnetic fields above

0.1 Tesla. We also intend to include standard charge collection electrodes as used in

previous machines for imaging at lower fields.

We are in the process of specifying and purchasing the CCD camera and

associated electronics. Vendors offer complete systems that include a camera fitted

with a CCD and Peltier cooling to -40°C for low noise. The systems also include

control electronics and a computer interface. We intend to purchase hardware camera

which will connect directly to the extensive control electronics and computer system

used now on the V' apparatus.

The new vacuum chamber will consist of a 10 inch diameter stainless steel tube

that will slip into the superconducting magnet bore. lt is intended that the tube will be

surrounded by fiberglass insulation and baked in piace to achieve an operating pressure

of about 10-1° Torr. The tube will be connected to the ion pump and vacuum stack of

the present V' system.

We are also in the process of designing a new set of containment electrodes. The

inner radius of the electrodes will be about 2.2 cm, and will probably include at least

two electrodes divided azimuthally into sections for diagnosis and manipulation of 0-

asymmetries in the plasma.

Transport experiments are continuing on the V' apparatus while CamV is being

developed. Recently we have investigated the free expansion of the plasma column



along the magnetic field. This free expansion is initiated by rapidly removing the

confinement potential from one end of the plasma column. The resulting electron

transport is probably the fastest that can occur in pure electron columns.

The free expansion is characterized by two regimes: electrostatic pressure

dominates at low temperatures where the Debye length is smaller than the plasma

radius, whereas kinetic effects dominate for higher temperatures. We have developed

a hydrodynamic theory valid in the low temperature regime. This theory describes the

free expansion as a self-similar plasma flow consisting of a rarefaction wave

propagating into the plasma column. The predictions of this theory are in moderately

good agreement with time history measurements of the radially averaged plasma

density made at two axial positions along the column. In the high temperature limit,

we also obtain moderately good agreement with theory using a simple kinetic model of

free expansion. In this limit, the electrons behave like a non-interacting neutral gas,

free-streaming out of the confinement region.

We are also continuing investigation of the dynamics and turbulent noise

properties of hollow profiles which have substantial shear in their drift rotation

profiles. These hollow columns exhibit diocotron instabilities which saturate with the

formation of several density' clumps (i.e. vortices). Vortex mergers then result in

density fluctuations embedded in sheared background rotation flows. The fluctuations

finally decay into a reasonably quiet quasi-equilibrium. We are interested in this

process for what it can tell us about the dynamics underlying statistical turbulence, in

particular the decay mechanism of density fluctuations under a background shear

rotation.

We are studying the statistical properties associated with the hollow plasma

evolution by measuring the spatial correlations of the plasma density. On the V'

apparatus, the density is measured at an array of 9 fixed collectors and one mobile

probe each time the plasma is dumped. By averaging over thousands of essentially
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identical initial plasmas, we obtain the density correlation versus both r and 0 at any

given time in the evolution.

We observe that the 0-dependent fluctuations decay exponentially at a rate which

is slower than expected from the background shear, and which is relatively insensitive

to radial position. In contrast, the shot-to-shot variations of the radial density profile

persist hundreds of times longer. This decay behavior is observed on a variety of

plasmas with different initial hollow profiles. We are presently investigating the

dependence of the decay rate on various plasma parameters. When the CamV

apparatus becomes available, it will be a powerful new tool for continuing these

turbulence studies.






