
Quantum kinetic theory for plasmas in strong electromagnetic fields.

H. Al-Naseri, J. Zamanian, R. Ekman and G. Brodin

Dept. of Physics, Umeå University, SE 901 87 Umeå, Sweden

Relativistic quantum kinetic theories of plasmas are challenging to derive, as in the most gen-

eral case, pair-creation and other QED effects come into play. However, giving restrictions on

the electromagnetic field strengths, and/or the temporal and spatial scales of the fields, a theory

based on the Dirac equations can be formulated. Here the Foldy-Wouthuysen transformation

plays a crucial role, as it helps us to separate between electron and positron states. Depending

on the specific assumptions made, a fully relativistic quantum theory can be presented [1], but

limited to spatial scales much longer than the de Broglie length. Similarly, including the short-

scale quantum physics, a kinetic evolution equation can be derived, but restricted to weakly

relativistic particle energies [2].

For the above cases, it is necessary that the electromagnetic field strength is smaller than

Schwinger critical field. However, compact astrophysical objects like magnetars may have fields

approaching or even exceeding this value, in which case Landau quantization becomes crucial.

In a recent work [3], a kinetic equation for electrons in ultra-strong but constant magnetic field

has been derived, neglecting short-scale quantum phenomena. It turns out that the usual rela-

tivistic gamma factor of the Vlasov equation is replaced by an energy operator, depending on

the spin state, and also containing momentum derivatives. Furthermore, it is found that the en-

ergy eigenstates in a magnetic field can be computed as eigenfunctions of this operator. The

features of three models described above are compared and discussed in some detail.
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