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Abstract

The experiment used for the present research is a z-pinch configuration, where a

cylindrical plasma load is accelerated and imploded by intense magnetic fields, until it

stagnates on axis and forms a hot and dense core. Experimental determination of the

magnetic field distribution in the imploding and stagnating plasma is of paramount impor-

tance, since this distribution is a key parameter in the magnetohydrodynamics processes

in the plasma. Nevertheless, the magnetic field at the final stages of the implosion and at

stagnation has not been measured prior to this work.

Plasma conditions that are typical of high-energy-density systems often render the

common Zeeman-splitting magnetic field diagnostic impossible. The high densities and

high ion velocities result in broad spectral line-shapes that smear out the Zeeman-split

patterns. Indeed, the field distribution has been measured in our laboratory in the past, but

only up to 90 ns before stagnation and at more than 7 mm away from the pinch axis.

In this work, a novel diagnostic technique, based on polarization spectroscopy, was

developed and implemented to measure for the first time the magnetic field distribution,

at the final stages of the implosion and at stagnation. The limitations set by the Stark

and Doppler broadenings have been overcome by recording the individual shapes of the

left- and right-circularly polarized components of Zeeman-split emission lines. The radial

distribution of the magnetic field was determined unambiguously, at stagnation and near

the pinch axis, by measuring selected lines from various charge states that reside only at

certain radii due to a radial temperature gradient. The multi-fiber systems built, enabled

measuring the field distribution in a single discharge.

To this end, several spectroscopic systems were built with high spectral, temporal and

spatial resolutions, designed to measure the spectral lines of various ion charge states in

the plasma in the visible and ultraviolet regions. Using multiple systems provided the abil-

ity to measure not only the magnetic field distribution, but also the fundamental properties

of the plasma, such as the electron and ion densities and temperatures. Furthermore, the

variations of the plasma and field parameters in the z dimension were measured as well.

It was found that the current flowing through the stagnating plasma is a rather small

fraction of the total current. Furthermore, while at early times the penetration of the mag-

netic field into the plasma follows a diffusion pattern, in the final stages of the implosion

a more complex mechanism is present. Understanding the magnetic field distribution and

the detailed plasma structure found here is presently being pursued with magnetohydro-

dynamics modeling and numerical simulations in the U.S.

While this study was conducted on a medium-current z-pinch generator

(Imax ∼ 500 kA), the results are relevant to a wide range of experiments. The innova-

tive spectroscopic technique developed here provides new insights into the dynamics of

the imploding and stagnating plasma, and can serve as a highly valuable diagnostic tool

for various high-energy-density plasma systems.
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