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Electron energy spectra during the different phases
of magnetotail reconnection
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Particles are accelerated to very high, non-thermal energies during explosive energy-release phenomena in
the solar corona and Earth’s magnetotail. While some similarities and differences of the particle acceleration
in these environments have been discussed in the literature, it remains unclear exactly how the particle energy
spectrum evolves during the energy-release process. Here we show that the electron energy spectrum can be
mostly represented by the kappa distribution throughout an event in which NASA’s MMS spacecraft observed
the entire sequence of a substorm (i.e., the explosive energy-release phenomena in Earth’s magnetotail). We
present electron spectra from the different phases of magnetotail reconnection for this event, including energy
build-up, slow energy release, and explosive energy release. We demonstrate that the power-law index δ (~3.5)
is strikingly constant throughout these phases and is similar to the power-law indices derived from the hard X-
ray measurements of solar flares (both coronal and chromospheric sources). We envision that such a detailed
analysis of Earth’s magnetotail data will be helpful for a better understanding of possible scaling laws in
particle acceleration as well as how universal they are.
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