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Abstract

Astrophysical plasmas often have high magnetic Reynolds number, turbulent, flowing plasmas
in which the flow energy is much larger than that of the magnetic field. Examples include stellar inte-
riors, accretion disks and the solar wind. Creating such conditions in lab plasma experiments is chal-
lenging as confinement is required to keep the plasma conducting and this is usually provided by
strong magnetic fields. For this reason, recent experiments using liquid metals are addressing fun-
damental plasma processes in this unique parameter regime. In this talk a tutorial will be given of
fundamental processes occurring in such plasmas and how lab experiments can be used to study
them. The first is the self-generation of a magnetic field of energy comparable to the turbulent flow
from which it arises--the dynamo process. A description will be given of how magnetic fields are gen-
erated in planets and stars, describing the "Standard Model" of self-exciting dynamos. The second
process is the magnetorotational instability (MRI) that concerns how a weak magnetic field can act as
a catalyst for transporting momentum, heat, etc. A weak magnetic field plays an important role in trig-
gering instability in conducting fluids when neutral fluids are rigorously stable. | will then show how
experiments have contributed to understanding such processes. Liquid metal experiments have
demonstrated (1) self-excitation of magnetic fields, (2) two scale dynamos where a small scale flow
drives a large scale magnetic field, (3) intermittent self-excitation and time dynamics including field
reversals, (4) turbulent electromotive forces (mean-field current generation), and (5) MRI-like insta-
bilities in Couette flow geometries. Liquid metals are, however, not plasmas: dynamos and MRI may
differ in plasmas where the relative importance of viscosity, and resistivity can be interchanged, and
new instability mechanisms, outside the scope of MHD may be critical in collisionless plasmas. A
new dynamo experiment, under construction at the UW, will be described.
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