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Using particle-in-cell simulations that label ions and electrons according to their initial inflow
region, we find that during 2D collisionless magnetic reconnection, the bulk flow of the plasma from
each inflow side crosses paths with plasma from the other inflow side and crosses the midplane
before being redirected into an outflow jet. This feature, which we term “flow crossover,” implies
mechanisms to generate bulk motion in a direction parallel to the magnetic field. We find that ions
and electrons undergo different parallel driving mechanisms, leading to different flow crossover
patterns. The parallel bulk flow for ions is generated more locally within the ion diffusion region,
whereas the parallel bulk flow for electrons is mostly generated outside the electron diffusion region.
Consequently, the reconnection outflows are more of a parallel flow than a perpendicular flow,
especially for the electron outflow. The flow crossover and the parallel outflow patterns occur not
only in symmetric reconnection but also in the more complex scenario of a guide-field asymmetric
reconnection, suggesting that it is a general feature of collisionless magnetic reconnection. Because
the plasma outflow on one side of the midplane mostly originates from the inflow plasma on the
other side, we predict that near an asymmetric reconnection site in a collisionless space plasma, in
situ observations across the outflow region could reveal locally reversed gradients in plasma
properties. These results are potentially important for quantifying transport across the dayside
magnetopause of Earth and other planets and the energy partition in reconnection, including
electron and ion heating.
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(b) Plasma flow in collisional magnetic reconnection
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(c) Plasma flow crossover in collisionless magnetic
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FIG. 1. (a) For a Harris sheet initial configuration, the plasma
particles can be labeled by their initial region, where the inflow
regions 1 and 2 are separated by the current sheet region 3. Dark-
colored arrows indicate magnetic field lines. (b) Hlustration of
plasma flow (light-colored amrows) in collisional magnetic
reconnection. The yellow rectangle indicates the diffusion region,
and “S” is the stagnation point. (¢) Hustration of our finding of
plasma flow crossover in collisionless magnetic reconnection.
Now there are separate stagnation points for flow from each
inflow region, labeled “S1” and “S2.)” located opposite the
midplane from the initial inflow region.




