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MESSENGER observations of substorm activity in Mercury’s near
magnetotail
Wei-Jie Sun (1,2), James Slavin (1), Suiyan Fu (2), Jim Raines (1), Qiu-Gang Zong (2), Zhonghua Yao (3), Zuyin
Pu (2), Quanqi Shi (4), Gangkai Poh (1), Scott Boardsen (5,6), Suzanne Imber (7), Torbjörn Sundberg (8), Brian
Anderson (9), Haje Korth (9), and Daniel Baker (10)
(1) Department of Atmospheric, Oceanic and Space Sciences, University of Michigan, Ann Arbor, Michigan, USA.
(weijiesun@pku.edu.cn) , (2) School of Earth and Space Sciences, Peking University, Beijing, China., (3) Mullard Space
Science Laboratory, University College London, Dorking, UK., (4) Shandong Provincial Key Laboratory of Optical
Astronomy and Solar-Terrestrial Environment, School of Space Science and Physics, Shandong University, Weihai, China.,
(5) Heliophysics Science Division, NASA Goddard Space Flight Center, Greenbelt, USA., (6) Goddard Earth Science and
Technology Center, University of Maryland, Baltimore County, USA., (7) Department of Physics and Astronomy, University
of Leicester, Leicester, UK., (8) School of Physics and Astronomy, Queen Mary University of London, London, UK., (9) The
Johns Hopkins University Applied Physics Laboratory, Laurel, USA., (10) Laboratory for Atmospheric and Space Physics,
University of Colorado, Boulder, USA.

MESSENGER magnetic field and plasma measurements taken during crossings of Mercury’s magnetotail from
2011 to 2014 have been examined for evidence of substorm activity. A total of 32 events were found during which
an Earth-like growth phase was followed by clear near-tail expansion phase signatures. During the growth phase,
the lobe of the tail loads with magnetic flux while the plasma sheet thins due to the increased lobe magnetic
pressure. MESSENGER is often initially in the plasma sheet and then moves into the lobe during the growth
phases. The averaged time scale of the loading is around 1 min, consistent with previous observations of Mercury’s
Dungey cycle. The dipolarization front that marks the initiation of the substorm expansion phase is only a few
seconds in duration. The spacecraft then abruptly enters the plasma sheet due to the plasma sheet expansion as
reconnection-driven flow from the near-Mercury neutral line encounters the stronger magnetic fields closer to the
planet. Substorm activity in the near tail of Mercury is quantitatively very similar to the Earth despite the very
compressed time scale.


