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Observational evidence is consistent with that the generation maintenance of the magnetic fields

permeating the Universe is caused by turbulent dynamo. Galaxy clusters are weakly collisional

on scales relevant for turbulent dynamo. However, due to the computational challenges related

to the inherently three-dimensional and multiscale nature of dynamo, only a very few recent

works have gone beyond an MHD description [1, 2], using a hybrid treatment.

We perform fully kinetic continuum simulations in an electron-proton plasma [3] of the

Galloway–Proctor [4] flow, for parameters producing dynamo in magnetohydrodynamics (MHD).

We consider scenarios with low fluid Reynolds number and high magnetic Prandtl number—

relevant for galaxy cluster scale dynamos—and a non-magnetized initial condition. The contin-

uum kinetic-Maxwell solver of Gkeyll [5] is used with the Dougherty model collision operator

[6]. Landau damping on the electrons leads to a rapid decay of magnetic perturbations, imped-

ing the dynamo. This collisionless damping process operates on spatial scales where electrons

are non-magnetized, reducing the range of scales where the magnetic field grows in high mag-

netic Prandtl number fluctuation dynamos. As long as electrons are not magnetized down to the

resistive scale, the magnetic energy spectrum is expected to be limited by the scale correspond-

ing to magnetic Landau damping or the electron gyro-radius scale, whichever is smaller, instead

of the resistive scale.
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