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MESSENGER and BepiColombo at Mercury

BepiColombo is a joint mission of the European Space 
Agency (ESA) and the Japan Aerospace Exploration 
Agency (JAXA) to the planet Mercury. It was launched on 
20 October 2018 and will arrive at Mercury in late 2025.

MESSENGER, 2011 – 2015 BepiColombo, 2025 –

twin spacecraft

JAXA-Mio ESA-MPO



Why Develop a New Model?

Raines et al., 2015

Magnetic Reconnection and 
Solar Wind Plasma Entry in 
Mercury’s Magnetosphere

*Improve kinetic (e.g., 
collisionless magnetic 
reconnection) physics in 
global magnetosphere 
codes. 

*Note that MHD and 
hybrid codes cannot 
capture the collisionless
reconnection physics.



Our Approach to Capture the Collisionless Magnetic 
Reconnection: Ten-Moment Multifluid Model



Why Need Electron Pressure Tensor?
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Generalized Ohm’s Law Non-ideal Electric Field

x

y

B=0, so JxB=0 and 
vxB=0 at the X-point



Ten-Moment Multifluid Simulation of Mercury’s Magnetosphere

Dong et al., 2019, GRL
Smallest resolution: dx=dy=dz=0.01RM!



Electron Pressure Tensor at Dayside and Nightside 
Reconnection Sites

Dong et al., 2019, GRL



Asymmetry in Mercury’s Magnetotail
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Electron and Ion Motions due to Drifts
Yellow: Electrons
Green: Ions

Field-Aligned CurrentsX-Ray Spectrometer Observations

electron-induced 
surface fluorescence



Mercury’s Responses to an 
Extreme Event and Plasmoid
Formation in Mercury’s 
Magnetotail
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Dong et al, 2019, GRL

Plasmoids/Flux Ropes

Slavin et al., 2014, JGR

The induction response arising from the 
electromagnetically-coupled interior plays an 
important role in solar wind-Mercury 
interaction.

Planetary CorePlanetary Surface

induction current



Ganymede (JGR cover!) Earth

Wang et al., 2017, JGR Mercury, Dong et al., GRL, 2019

Princeton 
Ten-Moment 

Multifluid 
Model 

Highlights!

Uranus, Jarmak et al., Acta Astronaut., 2020


