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 Streaming plasma instabilities are ubiquitous in astrophysical plasma environments and 

are widely thought to underpin the physics of relativistic outflows in powerful astrophysical 

objects (e.g. gamma-ray bursts, active galactic nuclei, etc.). When an electron beam propagates 

through a plasma, return currents are established by the background plasma electrons. The 

resulting counterstreaming system of beam and plasma electrons is unstable to electromagnetic 

perturbations, which leads to the generation of strong electromagnetic fields. As a result, the 

relativistic particles in the beam experience large electromagnetic fields, and thus can emit 

bright bursts of gamma rays. Here we show that when high energy (10 GeV) and high peak 

current (> 100 kA) electron beams propagate in plasmas from gas to solid density, there is a 

growth and interplay between the current filamentation instability (CFI) and oblique mode (see 

Fig. 1), and that they strongly depend on the bunch length, the bunch density and the plasma 

collisionality. These processes are under study in the context of the E-305 experiment at the 

SLAC FACET-II facility, where such extreme beams will be available to explore this novel 

physics. We also report on the experimental probing of strong magnetic field fluctuations 

generated by the current filamentation instability in femtosecond laser-solid interaction 

[arXiv:1907.12052], where the instability arises from the counterstreaming of forward-directed, 

laser-accelerated fast electrons and the current-neutralizing, cold plasma electrons, and is 

probed at femtosecond time scales with electron beams from a laser wakefield accelerator. 
 

 
Figure 1. 10 GeV electron beam after 800 microns of propagation in Al. At the front of the bunch (right part), the 

density is modulated by the oblique mode, while at the rear (left part) the current filamentation instability dominates. 

47th EPS Conference on Plasma Physics O4.J701


