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The entry of solar wind plasma into the Earth’s magnetosphere is strongly influenced by the

magnetopause boundary layer where rapid variations in the magnetic field and/or velocity can

drive transport. When the interplanetary magnetic field (IMF) is southward, reconnection at

the magnetopause is generally considered the dominant entry process. During northward IMF

reconnection occurs at the flanks and the Kelvin-Helmholtz instability in regions with strong

Alfvénic velocity shear has been invoked to explain the transport.
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Figure 1: Fully kinetic simulation of

magnetic reconnection for an asymmetric

layer relevant to the magnetopause.

While these processes are often viewed and dis-

cussed separately, our recent studies suggest a more

complex picture in which magnetic reconnection

and Kelvin-Helmholtz are often coupled. Advances

in petascale computing are enabling fully kinetic

simulations of magnetospheric boundary layers un-

der a variety of conditions while spanning a broad

range of scales, from large fluid motions down to

electron kinetic scales. These studies are leading

to new insights into the development of turbulence

driven by magnetic reconnection [1] and large-scale

flow shears [2]. One of our key findings is that the

turbulence is dominated by coherent structures in

the form of kinetic scale current sheets, which are

unstable to the formation of magnetic flux ropes as

illustrated in Fig. 1. The resulting magnetic field structure quickly becomes complicated which

may affect the acceleration and transport of energetic particles. In addition, these kinetic sim-

ulations offer a range of new predictions that will be testable in both current and upcoming

spacecraft missions [3].
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