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Full Lagrange analysis of electron orbits in collisionless magnetic reconnection
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In order to study inner workings of magnetic reconnection, NASA recently launched the Magnetospheric MultiScale (MMS)
spacecraft. Itis expected to observe electron velocity distribution functions (VDFs) at high resolution in magnetotail reconnection
sites in 2017. To understand the physics of magnetic reconnection, it is important to clarify the relation between electron orbits
and VDFs.

In this work, we study electron orbits and associated VDFs in magnetic reconnection by using a two-dimensional particle-in-
cell (PIC) simulation. We manage to obtain electron orbits as many as possible in our simulation. By extensively analyzing the
dataset, we discover several new electron orbits. In this contribution, we will discuss basic properties of these new orbits, b
modifying a theory of nongyrotropic particle orbits (Buchner & Zelenyi 1989 JGR). Surprisingly, a majority of electrons follow
new orbits. This raises a serious question to our present understanding of physics of collisionless magnetic reconnection.
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