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Abstract: 
 
Collisionless shocks are ubiquitous in astrophysical environments, where they retard plasma flows, 

amplify magnetic fields, and accelerate particles. Supernova remnant shocks (SNR), which evolve 

in the universe for millennia, as vestiges of the most powerful explosions in the universe, are known 

to be prodigious accelerators of cosmic rays. While the theory of diffusive, or Fermi, shock 
acceleration (DSA) is well-established, the plasma microphysics responsible for the generation of 

the shocks, the nature of their resulting magnetic turbulence residue, and the injection of particles 

into DSA is not yet well understood.  Laboratory experiments with high-Mach number, 

collisionless plasma flows can provide critical information to help understand the shock formation 

mechanisms in these systems. High velocity, low density, interpenetrating plasma flows were 

studied on the Omega laser. These interpenetrating flows exhibited strong filamentation via the 

Weibel instability, which in turn generated microscale magnetic fields that were observed with 

proton radiography [1,2]. However, the system size was too small and duration too short to enable 

the generation of Weibel-mediated collisionless shocks. The new experiments, performed on the 

National Ignition Facility (NIF), produced interpenetrating plasmas that extended over ten times 

larger system sizes in collisioness conditions. These results provided the first unambiguous 

experimental evidence of collisionless shock formation, as demonstrated by an abrupt ~4x increase 

in density, with ~6x increase in temperature [3]. Detailed plasma characterization using optical 

Thomson scattering was carried out, and the first experimental observation of nonthermal electron 

acceleration with >100x the thermal electron energy at the shock was obtained [4]. The role of the 

Weibel instability in amplifying magnetic fields, generating collisionless shocks, and accelerating 

electrons in laboratory experiments on Omega and NIF will be discussed.  
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