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A detailed understanding of the generation of strong magnetic fields is not only a topic of fun-

damental interest for the study of plasmas under extreme conditions, such as laser-solid interac-

tions, but also has fundamental importance in astrophysical objects. The advent of multiterawatt

lasers (1019W/cm2) capabilities has been helpful to investigate such fundamental questions in

laboratory [1].

The generation of magnetic fields in laser-solid experiments is often attributed to the Bier-

mann battery, which is caused by non-parallel density and temperature gradients. This mech-

anism was first investigated experimentally [2] and continues to be measured in many current

experiments. A detailed study of Biermann generated magnetic fields in collisionless systems

has been carried out [3] in an expanding plasma bubble, showing that for large system sizes

(L/de ≥ 100), where de is the electron inertial length, the Weibel instability dominates as the

major source of magnetic field. However, these Weibel generated magnetic fields have yet to be

demonstrated in the context of laser-plasma interaction.

In this work, we numerically demonstrate the possibility of generating these fields in the lab.

We model, using ab initio PIC [4] simulations, the interaction of a short (∼ ps) high intensity

(a0 ≥ 1) laser pulse, thus generating a collisionless system. The expanding hot energetic elec-

tron population generated by the laser produces an anisotropy in the velocity distribution. This

anisotropy provides the free energy that drives the Weibel instability that appears on the sur-

faces of the target. Furthermore, because we simulate a target of sufficiently large gradient scale

length (L), the Weibel magnetic fields are capable of dominating over the Biermann battery.
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