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Mercury and MACH

● Surface-bounded exosphere

● Magnetosphere 

● Isolate atmospheric loss 

processes (source processes for 

Mercury)

● Apply what we learn to other 

planetsExosphere Research

Life

Atmosphere and 
Magnetosphere 

Research
We can apply what 

we learn from 
Mercury to other 

planets



Mercury and MACH

Water on Mercury?

● Close proximity to Sun

○ High influx of water comets

● 3:2 spin-orbit resonance 

○ Permanently shadowed poles

● Water ice on the poles

https://eos.org/research-spotlights/mercurys-magnetosphere-model-gets-retro-makeover


Source 
Processes: 
Mercury

● Photon-Stimulated Desorption

○ Sunlight breaks the bonds that 

holds the surface together

● Sputtering
○ Solar wind ions colliding with 

the surface
● Impact vaporization

○ Meteoroids colliding with the 
surface releasing species, can 
followed by 
photon-dissociation



Spatial Distribution



Mercury’s 
Magnetosphere

https://planetary.s3.amazonaws.com/web/assets/pictures/20180504_mercury-magnetic-field.jpg


Mercury’s 
Magnetosphere: 

FIPS
● (From FIPS) Mercury’s cusp

● Fast Imaging Plasma Spectrometer

○ Measures mass per charge, the 

energy per charge, and incident 

angles for particles entering the 

sensor.



Dayside 
limb scans

Nightside 
tail 

sweeps



Calcium Spatial Distribution



Mercury: 
A case study

How do we explain the observed 
enhancement of calcium over the dusk 
northern pole of the planet?



Method: The Monte Carlo Model

Model 
Radiance

Initial Conditions

Packets 

represent 

atoms

● Species

● Initial v

● Forces

● Source 

processes

Vector 
Calculations

Trajectory of 

packets 

calculated

● 5th order 

Runge-Kutt

a 

integration

● Velocity 

and 

position

Radiance of 

model 

calculated

● Can plot 

against 

other 

instrument 

measureme

nts(Rosemary M. Killen et al 2022 Planet. Sci. J. 3 139)



Initial Conditions

Assumptions for dawn source

● Gravity and radiation pressure

● Sticking coefficient

● Maxwellian speed distribution

● Surface spot spatial distribution

● Temperature of 60,000 K

Method: Calcium at the Cusp

(Rosemary M. Killen et al 2022 Planet. Sci. J. 3 139)



Dawn Source as a Source Process



Dawn Source as a Source Process

MESSENGER data

Day side

Geometry

Night side

Night side

Night side

Night side



Dawn Source as a Source Process

MESSENGER data

Day side

Geometry



MESSENGER data

Geometry
Dawn Source as a Source Process



Solar Wind Sputtering as a Source Process

MESSENGER data

● Dawn source scaled to match 

UVVS data

● Solar wind sputtering spike 

before the pole

● Both sources don’t account for 

the calcium enhancement



Next Steps

• Run a new routine with refined 

sputtering parameters 

• Apply model to other species 

• BepiColombo

• Magnetic cusp and solar wind 

sputtering?



Summary: Insights on Atmospheres, 
Magnetic Fields and Habitability

Atmospheric loss

● Ion sputtering (solar 

wind): So close to the 

Sun yet we see minimal 

influence

● Other planets like 

Mercury but with 

Atmosphere?

Magnetic Fields

Magnetic fields drive ion 

sputtering, so researching 

more about sputtering at 

Mercury will tell us about 

the atmosphere-magnetic 

field connection



Acknowledgments

Dr. Aimee Merkel 

Dr. Matthew Burger

Dr. Ronald J. Vervack

Dr. Carl Schmidt

Dr. David Brain



References

Burger, M. H., Killen, R. M., McClintock, W. E., Merkel, A. W., Vervack, R. J., Cassidy, T. A., & Sarantos, M. (2014). Seasonal variations in Mercury’s dayside calcium 

exosphere. Icarus, 238, 51–58. https://doi.org/10.1016/j.icarus.2014.04.049

Burger, M., Killen, R., Mcclintock, W., Jr, V., Merkel, A., Sprague, A., & Sarantos, M. (2012). Modeling MESSENGER observations of calcium in Mercury’s exosphere. 

Journal of Geophysical Research (Planets), 117. https://doi.org/10.1029/2012JE004158

Killen, R. M., Morrissey, L. S., Burger, M. H., Vervack, R. J., Tucker, O. J., & Savin, D. W. (2022). The Influence of Surface Binding Energy on Sputtering in Models of the 

Sodium Exosphere of Mercury. The Planetary Science Journal, 3(6), 139. https://doi.org/10.3847/PSJ/ac67de

McClintock, W. E., Cassidy, T. A., Merkel, A. W., Killen, R. M., Burger, M. H., & Vervack, R. J. (2018). Observations of Mercury’s Exosphere: Composition and Structure. In 

B. J. Anderson, L. R. Nittler, & S. C. Solomon (Eds.), Mercury: The View after MESSENGER (pp. 371–406). Cambridge University Press. 

https://doi.org/10.1017/9781316650684.015

Murchie, S. L., Vervack, R. J., Ernst, C. M., & Strom, R. G. (2014). Chapter 13—Mercury. In T. Spohn, D. Breuer, & T. V. Johnson (Eds.), Encyclopedia of the Solar System 

(Third Edition) (pp. 283–304). Elsevier. https://doi.org/10.1016/B978-0-12-415845-0.00013-X

https://doi.org/10.1016/j.icarus.2014.04.049
https://doi.org/10.1029/2012JE004158
https://doi.org/10.3847/PSJ/ac67de
https://doi.org/10.1017/9781316650684.015
https://doi.org/10.1017/9781316650684.015
https://doi.org/10.1016/B978-0-12-415845-0.00013-X

