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Collisionless plasma instabilities operating on electron time scale can be of importance to ex-

plain magnetic field generation in astrophysical scenarios, but their role has been addressed in

scenarios where velocity shear is absent. We show that velocity shears must be considered since

electromagnetic perturbations are unstable both in the parallel (two fluids Kelvin Helmholtz

instability) and in the transverse plane of the flow. Using self-consistent three-dimensional

particle-in-cell simulations, we show the generation of intense large-scale magnetic field, which

extends over the entire shear-surface, reaching thicknesses of a few tens of electron skin depths,

and persisting up to the ion time scale. We describe the underlying physical picture and develop

an analytical model to confirm the instabilities observed (which correspond to the linear growth

of the fields) and a kinetic model in order to describe the evolution of a DC magnetic field that

turns out to be the dominant feature at saturation. At saturation, the magnetic fields reaches

amplitude that yields to equipartition values up to 10−3. The dynamics of the KHI are relevant

for non-thermal radiation modeling and the associated magnetic field may be a candidate to

produce seed magnetic fields for the operation of the magnetic dynamo effect.
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