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Labeling particles in particle-in-cell simulations by their
initial regions, we have revealed that the bulk flow of the
plasma at a collisionless magnetic reconnection exhibits a
flow-crossover feature, meaning the plasma from an
inflow side flows through the midplane to the other side
before turning into an outflow, implying that the plasma
from an inflow side can affect the physics of reconnection
on the other side. In the fluid sense, we can attribute the
crossover feature to the generation of parallel flow, which
is different for ions and electrons. Ion parallel flow is
mostly generated within the ion diffusion region, while
electron parallel flow is mostly created outside the
electron diffusion region. As a result, the crossover
patterns for ions and electrons are different. Importantly,
the flow crossover and parallel flow generation is so
significant that the reconnection outflow is more parallel
rather than perpendicular to the magnetic field. Finally,
the flow crossover can be found not only in simple anti-
parallel symmetric reconnection but also in complicated
guide-field asymmetric reconnection, suggesting that the
flow crossover is a general feature in collisionless
reconnection.

The left and the right panels of the figure show ions and
electrons from simulation region 1 flowing across the
current sheet, where the magnetic field changes sign. Ion
inflow exhibits a flow crossover directly to the outflow
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region. The electrons also have a flow crossover, mostly
flowing inward along a magnetic field line and then
flowing out from the middle along the outflow. All labeled
flows contribute to the electric current that influences the
physics of magnetic reconnection.
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Figure 1. Streamlines of particle flux during symmetric magnetic reconnection overplotted on the magnitude of

particle number density flux for particles from the upper upstream region as identified by particle labeling.



