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The Weibel instability driven by two counterstreaming relativistic plasmas, also 

referred to as current-filamentation instability, is studied in the presence of a uniform 

external magnetic field aligned with the plasma flows. The linear and nonlinear stages of 

the instability are investigated using analytical modeling and particle-in-cell (PIC) 

simulations for both the early phase of electron Weibel [1], and later stage of ion Weibel. 

The linear stage of the electron and ion instabilities are modelled using a relativistic 

fluid approach accounting for pressure effects when the finite temperature of the plasma 

needs to be accounted for. This fluid model allows for tractable solutions for the growth 

rate which are find to be in good agreement with PIC simulations. 

The late nonlinear and merging phases are then studied using both reduced 

analytical models and simulations. While the application of an external magnetic field 

reduces the growth of the electron Weibel instability, it is found that the saturation level is 

weakly affected. This will be explained by clarifying the mechanisms responsible for 

saturation of the electron instability. Concerning the ion Weibel instability, effects of the 

ion to electron mass ratio and dimensionality will be discussed. 

Our results will then be put in the perspective of laboratory astrophysics where the 

application of an external magnetic field could be beneficial to access higher densities. 
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