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ESA's JUpiter Icy moons Explorer (JUICE) will arrive at the Jupiter System in 2029 and perform two
flybys of Europa. Here, we present the results of our investigation into JUICE's capability to detect
plumes and to separate them from the background water in the atmosphere as a function of their
source's location and mass flux on the Europan surface using the neutral mass spectrometer NIM.
For both of the currently planned flybys we evaluate different scenarios to estimate how feasible
such a detection is, using a Monte Carlo particle tracing model of a plume. We also incorporate the
plume candidates reported by Roth et al. (2014), Sparks et al. (2016), Sparks et al. (2017), Jia et
al. (2018), Arnold et al. (2019) and Sparks et al. (2019) into this investigation. As can be discerned
in Figure 1, the first flyby trajectory is better suited to detect the potential plume candidates listed
above as they are detectable down to mass fluxes of approx. 100kg/s. The second flyby depicted in
the panels of Figure 2 requires mass fluxes between 100kg/s and 500kg/s for all suggested plume
candidates to be detectable. Figures 1 and 2 indicate the plume water molecule density encountered
during the respective flyby as a function of the plume source's location on the surface of the moon.
Potential sources located within the regions marked in black do not produce a sufficiently high plume
water density along the spacecraft trajectory to be separated by the probe from the background
atmospheric water density. On the other hand, locations where plume sources produce a plume that
the probe is able to separate from the background atmospheric water density are colour coded as to
the peak plume water density encountered during flyby. The circumstance that the suggested
plumes listed above lie in this region of separability down to lower mass fluxes for the first flyby is
caused by that flyby's closer proximity to the locations of the suggested plume sources. These lie
mainly on the southern hemisphere. Separation of water plumes from the atmospheric water vapour
density is thus dependent on the mass flux of the respective plume source. The only plume
separable from the background water in the atmosphere at the lowest investigated plume source
mass flux of 1kg/s is the one suggested by Roth et al. (2014). It is therefore the most likely plume
to be detected by JUICE.

Figure 1: Peak density of water molecules as detected by JUICE as a function of the location of the
plume source on the Europan surface for different mass fluxes. The projection of the spacecraft's
trajectory during its first flyby onto the moon's surface is plotted in black, the large cross marks the
CA of the spacecraft. The locations of sources that produce a plume not exceeding the atmospheric
density threshold in proximity to the spacecraft are masked black. A decrease in mass flux results in
a shrinkage of the region of detectability. The locations of suggested plume candidates are
indicated.

Figure 2: Same as Figure 1 for the spacecraft's second flyby of Europa.
Furthermore, we investigate the detectability of trace gas contents in a plume and analyse how
these impact upon plume detection. The spacecraft will be able to detect whether trace gas species
are present within the plume down to trace gas source mass fluxes of 0.1kg/s (assuming a
molecular mass similar to water). Provided this is the case, such species constitute a means to
identifying plumes in the Europan atmosphere.
Finally, the effects of lowering the flyby altitude are examined. We find that lowering the altitude of

the Closest Approach does not increase the region of separability. This effect is displayed in Figure
3. Therefore, lowering the second flyby trajectory will not suffice for the spacecraft to be able to
identify plumes that originate from the locations of the candidates mentioned above. Considering
that the second flyby is the most likely to be lowered, we advise to swap the first and second flyby
trajectories to maximise the chance of separating the presumptive plumes from the atmospheric
background water even at the lowest plume source mass fluxes.

Figure 3: Fraction of the surface area lying in the region of separability as a function of the CA
altitude for different mass fluxes.
Bibliography
Arnold, H., Liuzzo, L., Simon, S., 2019. Magnetic signatures of a plume at europa during the galileo
e26 flyby. Geophysical Research Letters 46,1149–1157.
Jia, X., Kivelson, M.G., Khurana, K.K., Kurth, W.S., 2018. Evidence of a plume on europa from
galileo magnetic and plasma wave signatures.Nature Astronomy 2, 459.
Roth, L., Saur, J., Retherford, K.D., Strobel, D.F., Feldman, P.D., McGrath, M.A., Nimmo, F., 2014.
Transient water vapor at europa’s south pole.Science 343, 171–174.
Sparks, W., Richter, M., deWitt, C., Montiel, E., Russo, N.D., Grunsfeld, J., McGrath, M., Weaver, H.,
Hand, K., Bergeron, E., et al., 2019. Asearch for water vapor plumes on europa using sofia. The
Astrophysical Journal Letters 871, L5.
Sparks, W.B., Hand, K., McGrath, M., Bergeron, E., Cracraft, M., Deustua, S., 2016. Probing for
evidence of plumes on europa with hst/stis. TheAstrophysical Journal 829, 121.
Sparks, W.B., Schmidt, B.E., McGrath, M.A., Hand, K.P., Spencer, J., Cracraft, M., Deustua, S.E.,
2017. Active cryovolcanism on europa? TheAstrophysical Journal Letters 839, L18.

Powered by TCPDF (www.tcpdf.org)

