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What is Particle Precipitation?

The Basics

● highly energetic 

electrons, protons, 

neutrons, and ions

● Accelerated into 

atmosphere

● Cause chemical changes 

in the atmosphere

● geomagnetic polar 

regions

Image Credit: NASA



Where do these highly energetic particles come from?

Image credit: T. Benesch and J. Carns for the NASA Science Mission Directorate



Where do these highly energetic particles come from?
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Where do these highly energetic particles come 
from?

 Image credit: NASA/ESA 
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● Auroral electrons: 1–10 keV, 
penetrate to ~80–130 km

● Solar Proton Events: 10’s - 100’s 
MeV, penetrate to mesosphere & 
upper stratosphere

● Galactic Cosmic Rays: several 100 
MeV far into the EeV range, 
penetrate to lower stratosphere and 
sometimes reach the surface

Where do these highly energetic particles come from?

Credit: NASA



How is the Atmosphere Affected?

Sinnhuber et al., 2012



How Mars is Different?

● Weak, scattered crustal magnetic field

● Smaller in size

● More distant from the sun

Credit: NASA

Purucker et al., 2000



Effects on the Martian Atmosphere

● Atmospheric heating

● Localized effects by crustal magnetic field

● Atmospheric Sputtering (animation)

Credit: ESO/Wikimedia CommonsCredit: Kallio, Janhunen 2001

Jolitz et al., [2017]



How the Code Works
● Uses NIST stopping power data
● Uses density of atmospheric elements to 

calculate column mass
● Inputs pre-determined energy of incident 

protons (in MeV)
● Calculates the incident energy flux, total 

energy dependent on mass & volume
● Outputs the total ionization result



References
Fang, X., D. Lummerzheim, and C. H. Jackman (2013), Proton impact ionization and a fast calculation method,
J. Geophys. Res. Space Physics, 118, 5369–5378, doi:10.1002/jgra.50484.

Jackman, C. H., D. R. Marsh, F. M. Vitt, R. R. Garcia, C. E. Randall, E. L. Fleming, and S. M. Frith (2009), Long-term middle 
atmospheric influence of very large solar proton events, J. Geophys. Res., 114, D11304, 

Jolitz, R. D., C. F. Dong, C. O. Lee, R. J. Lillis, D. A. Brain, S. M. Curry, S. Bougher, C. D. Parkinson, and B. M. Jakosky 
(2017), A Monte Carlo model of crustal field influences on solar energetic particle precipitation into the Martian atmosphere, J. 
Geophys. Res. Space Physics, 122, 5653–5669, doi:10.1002/2016JA023781.

Kallio, E., and P. Janhunen (2001), Atmospheric effects of proton precipitation in the Martian atmosphere and its connection to 
the Mars-solar wind interaction, J. Geophys. Res., 106(A4), 5617–5634, doi:10.1029/2000JA000239.

Leblanc, F., J. G. Luhmann, R. E. Johnson, and E. Chassefiere, Some expected impacts of a solar energetic particle event at 
Mars, J. Geophys. Res., 107(A5), doi:10.1029/2001JA900178, 2002.

M. Purucker,  D. Ravat, H. Frey, C. Voorhies, T. Sabaka, M. Acufia (2000), An altitude-normalized magnetic map of Mars and 
its interpretation, GEOPHYSICAL RESEARCH LETTERS, VOL. 27, NO. 16, PAGES 2449-2452

Sinnhuber, M., Nieder, H. & Wieters, N. Surv Geophys (2012) Energetic Particle Precipitation and the Chemistry of the 
Mesosphere/Lower Thermosphere
33: 1281. https://doi.org/10.1007/s10712-012-9201-3

http://dx.doi.org/10.1029/2000JA000239
http://dx.doi.org/10.1029/2001JA900178
https://doi.org/10.1007/s10712-012-9201-3


Questions?


