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Europa, an icy satellite of Jupiter, has an interior ocean that is expected to be habitable for life. Since material transport
between the ocean and surface layer has been suggested, understanding the chemical composition of the surface layer could
provide insights into the ocean’s chemistry. However, the surface material composition is still unknown because it must be
altered immediately after transport from the ocean due to exposure to Jupiter’s magnetospheric plasma and other elements.
The telescopic data showed absorption signatures in the solar reflectance spectrum at wavelengths of 450 nm and 230 nm in
the Tara Regio, which is over 1,000 kilometer-wide area of the Chaos Terrain and is likely active in the eruption of the ocean
materials [Trumbo et al.,2022]. These are consistent with the spectral absorption generated by laboratory electron irradiation
of NaCl, which would be ’color centers’ corresponding to lattice defects in the NaCl crystal [Trumbo et al.,2022]. However,
the relationship between the spectral absorption depth of the color centers and irradiation conditions is still unresolved,
which leads to difficulty in estimating the NaCl crystal structure from the spectral observation. Therefore, the alteration state
of NaCl in the Europa surface layer has not been unveiled.

In this study, we attempted for the first time to relate the absorption structure of the color centers, irradiation conditions,
and crystal structure by applying multiple optical analyses to NaCl samples, which are irradiated with electrons and ions that
model Jupiter’s magnetospheric plasma interacting with Europa’s surface layer. Powdered NaCl was irradiated with electron
beams at 10 keV energy at room temperature (300 K) while maintaining a constant fluence (2.3 X 10'4-3.2 X 10'8/cm?) or
flux (1.9 X 10'2-1.5 X 10'%/s/cm?). As a result, the F center around 460 nm decreased and the M center around 720 nm
increased with increasing fluence. This indicates that the F center may have changed to the M center after being saturated
via alteration by the irradiation, similar to the results of the electron irradiation experiment by Denman et al. [2022]. Under
constant values of fluence, both F and M centers increased with increasing flux, but more M centers were produced. In
addition, the irradiation of NaCl with both electrons and Ho™ resulted in the F and M centers generated by the electron
irradiation being attenuated due to the Ho™ irradiation. This suggests that ion sputtering on the sample surface suppressed
the formation of color centers. A comparison of Europa’s F center observed by the Hubble Space Telescope with the electron
irradiation experiment suggested that photobleaching may also decay F centers and not reach M center production [Denman
et al., 2022]. These results indicate that sputtering and photobleaching may attenuate the F and M centers produced by
electron irradiation on Europa’s surface.

We are directly evaluating the crystal structure of the irradiated NaCl samples after irradiation using the cathodolumines-
cence method developed by Sadgrove et al. [2022], which is a crystal structure analysis that does not easily alter samples.
We will correlate lattice defects with color centers and analyze surface conditions more rigorously to estimate Europa’s
surface age.
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