Experimental investigation of Weibel-filament growth in the nonlinear regime
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The Weibel instability is presently the leading mechanism proposed to amplify magnetic fields
necessary to form ‘collisionless’ shocks in weakly magnetized astrophysical systems, including
young supernova remnants and gamma-ray bursts. These systems rely on the presence of strong
self-generated magnetic fields to mediate shock formation since the typical collisional mean-freepath is much larger than the system size. In recent years, experiments at the Omega Laser Facility
[1] and the NIF [2] seek to form a purely collisionless shock in the laboratory using counterpropagating plasma flows. The work presented here investigates the development of the Weibel
instability in the highly nonlinear regime through experimental variation of the plasma parameters
using different ion species and separation distances. Proton imaging is used to visualize magnetic
fields amplified by the Weibel instability in these systems, as shown in Figure 1. Our goal is to
better understand, through experiment and computation, the underlying physical mechanism that
may allow the formation of collisionless shocks in astrophysical objects. Recent experimental and
computational results will be presented and discussed.
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Figure 1: Proton images of
Weibel-generated magnetic
fields,
illustrating the
development of nonlinear
behavior
at
smaller
separation distances for
plastic (CH), aluminum
(Al), and copper (Cu) foils.
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