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Introduction:  All surfaces of icy moons without 

significant atmospheres, i.e. all except Titan in the 
giant planet systems, are irradiated by hot plasma and 
more energetic charged particles from the local magne-
tospheric environments. This irradiation can signifi-
cantly impact the chemical composition, albedo, and 
detectable presence of signs of life on the sensible sur-
faces, while also limiting lifetimes and science opera-
tions of orbital spacecraft for extreme radiation envi-
ronments as at Europa. Planning of surface remote 
sensing and lander operations, and interpretation of 
remote sensing and in-situ measurements, should in-
clude consideration of natural shielding afforded by 
the body of the moon, by any intrinsic or induced 
magnetic fields as at Ganymede, and by topographic 
structures. 

Moon Body Shielding:  The physical presence of 
the moon produces perturbation of flows for hot 
plasma and more energetic charged particles corotating 
with the magnetic field of the central planet. The parti-
cles gyrate around local magnetospheric field lines, 
move up and down along these field lines between 
magnetic mirror points, are carried past the moon by 
corotation with the planetary magnetic field, and un-
dergo gradient-curvature drift, either in the prograde 
orbital direction for protons and positive ions or retro-
grade for electrons and negative ions. Since these mul-
tiple kinds of motions are involved, the interaction and 
impact distributions at the moon surface are complex. 
In the case of Europa, electrons below 10 MeV prefer-
entially impact the trailing hemisphere, higher energy 
electrons above 20 MeV impact the leading hemi-
sphere, and large gyradius ions have more global im-
pact distributions. The electron impact distribution is 
consistent with radiolytic sulfate distributions on Eu-
ropa, concentrated on the trailing hemisphere, and may 
also account for CO2 distributions on Callisto. Overall, 
irradiation fluxes and dosages are much lower on the 
leading hemisphere of Europa, an important considera-
tion in the search for chemical composition of internal 
origin and for any organic signs of life. For a low-
altitude orbiter, the leading hemispheric orbital seg-
ments offer lower radiation levels from electrons and 
facilitate the more radiation-sensitive observations 
while also extending the lifetime of spacecraft systems, 
a critical consideration for currently envisaged Europa 
orbit missions.  

Magnetic Shielding: The intrinsic dipole magnetic 
field of Ganymede offers a refuge from surface and 
orbital spacecraft irradiation by Jovian magnetospheric 
electrons and lower energy (< 10 MeV) protons. This 
natural magnetic shielding is most effective within 
several hundred kilometers of the surface and within 
the region of closed dipolar field lines. Regions asso-
ciated with open field lines in the polar hemispheres of 
Ganymede are relatively unshielded. Differences in 
color and CO2 abundance between the open and closed 
field line regions of the moon surface are suggestive of 
magnetic shielding effects. Induced magnetic fields 
from subsurface conducting layers, e.g. salty oceans, 
would shift the position of the open/closed field line 
boundary on Ganymede and produce periodic pertur-
bations of surface irradiation distributions on other 
moons without intrinsic dipole fields.  

Topographic Shadowing: The diurnal shadowing 
of solar illumination by topographic structures, e.g. 
crater walls and cliffs, is familiar to planetary geolo-
gists, but more continuous shadowing effects arise for 
energetic particle irradiation from gyration motions. 
This effect becomes particularly strong when the parti-
cle gyroradiusis is comparable (high energy heavy 
ions) or much smaller (electrons and lower energy 
protons) than the curvature scale of the surface. At 
Europa the gyroradii of the dominant radiation dosage 
components, keV to MeV electrons, is comparable to 
the sub-km scale of topographic relief, so surface to-
pography becomes an important factor in surface irra-
diation dosage distributions. Near the equator of Eu-
ropa, the irradiation flux from the zenith direction, e.g. 
as would be relevant at the bottom of a deep crevice 
otherwise exposed dirurnally to solar illumination, 
would be zero. Since particles of one charge, positive 
or negative, move in only one respectively opposite 
direction of gyration around the local magnetic field 
line, there are east-west asymmetries in surface irradia-
tion fluxes. Thus an east-facing cliff face could be 
shielded on one side by the cliff mass and on the other 
by gyration. 

Conclusion: Remote sensing and landed observa-
tional strategies should exploit the natural physical and 
magnetic shielding afforded by the global hemispheric 
and surface topographic structures of icy moons 
imbedded in planetary magnetospheres, e.g. for separa-
tion of internal and external sources of composition. 
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