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Europa’s surface composition uncovered by the plasma irradiation experiment
for NaCl samples
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Jupiter’s icy moon Europa potentially has an interior water ocean with a habitable environment for life. Elemental
and molecular compositions of Europa’s surface materials tell us that of the interior ocean because the materials may be
exchanged between the ocean and the surface. Europa’s surface materials are continuously irradiated with Jovian plasmas,
UV, and micrometeorites from space. The irradiated energy drives the space weathering process. In particular, Jovian
plasmas are dominant energy sources of space weathering at Europa. Europa’s materials are sputtered from the surface by
plasma irradiation, creating a tenuous atmosphere. The residual un-sputtered surface material may change in the elemental
and molecular compositions by irradiation. However, since this process comprises complex physics and chemistries that are
difficult to be theoretically estimated, it has been a big unsolved problem to quantitatively associate the tenuous atmosphere
with the surface compositions accompanying the space weathering.

Here we present the laboratory experiment that irradiates a potential surface material NaCl with energetic Ho™, O, ions,
and electrons under the same condition (10 keV particle energy with a fluence of 5e+18 /cm?) to simultaneously model
Europa’s surface material alteration and atmospheric sputtering. We found that the electron more efficiently sputters Europa’s
surface than the ions under Europa’s environment. For example, the total Na production rate by the hydrogen and oxygen
ion irradiations is estimated to be 1.1e+6 /cm?2/s, while that by the electron irradiation is to be 2.7e+5 /cm?2/s. We also found
that the yield of CI (8.7e-1 /incident particle) is greater than that of Na (2.8e-2 /incident particle). These results suggest that
the surface NaCl is decomposed predominantly by electron irradiation and forms the resultant tenuous atmosphere, while on
Europa’s surface, Na is concentrated more effectively than CI because of the small volatility of Na.

We numerically modeled the 3-dimensional structure of the Na tenuous atmosphere, subject to constraints from experi-
mental Na yields. The total mass of the Na tenuous atmosphere is estimated to be about 700 kg, which is comparable to
estimates obtained from previous ground-based telescope observations [Brown and Hill 1996]. The NaCl sample used in
the irradiation experiment was found to have a concentration of 85%, consistent with telescope observations, indicating the
possibility of a high concentration of NaCl on Europa’s surface. This observation suggests that NaCl originating from the
subsurface ocean may have been concentrated on the surface by the upwelling process from the subsurface ocean to the
surface or by space weathering after the eruption.

In the future, we plan to conduct similar irradiation experiments and modeling on saltwater ice to further constrain the
surface concentration and to more realistically reproduce Europa’s surface environment.
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