Detection Sensitivity for the Gemini Planet Imager (GPI) to Potential Europa Plumes
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Preliminary Data

There has been possible evidence from ground based telescopes for
plumes of water emanating from Europa’s ice shell. Because of their
potential connection to the subsurface ocean these plumes are of
significant interest as targets for the in-situ instruments on upcoming
NASA and ESA missions to the Jovian system. Their potential
similarity to tidally-modulated plumes observed at Enceladus have led
to speculation that the occurrence of these plumes could be predicted
accurately enough to plan in-situ sampling. However, the plumes
could be the result of stochastic processes releasing near surface water
from the ice shell and may not occur during the missions at all. Better
observational constraints on plume distribution, predictability, and
character would provide critical information for planning operations
and measurements on the upcoming missions to Europa. The aim of
this study is to demonstrate capability of the Gemini Planet Imager
(GPI) for this task, modeling the detectability of Enceladus-like
plumes on the surface of Europa using polarimetry. The polarized
signal from an Encleadus sized plume is approximated by Mie
scattering from micron-scale ice particulates at 1.5 - 1.8 pym. Ground-
based observations with a nearly automated facility such as GPI could
allow daily searches for plumes and enable dramatically more informed
mission planning, increasing the potential for habitability
characterization and even potentially life detection.

The resulting detection capability begins from GPI initial observations
of Europa’s disk, in the H-band (1.5 - 1.8 pym) polarimetry mode on
04/2019. The data pipeline converts raw images into a calibrated
Stokes parameter cube. Observations of reference star HIP 80628
measure the instrument point spread function and sensitivity. 1.

After plume injection, the procedure for characterizing
detection is a simple one, though more sophisticated methods
could be developed beyond this order of magnitude study.

Inject the plume into the polarized data, /Q? + U?, at some pixel
position, (x,y)

The order of magnitude estimate for Enceladus-type plume
visibility is favorable as seen in the SNR map below, with a
mean signal across the disk of about 7a. It is a reasonable
approximation to scale the polarized signal from a given plume
with the mass flow rate — meaning sub Enceladus sizes would

Note: Stokes parameters are measures of polarization, with four components:
also be detectable.

I — total intensity, Q — + polarization, U — x polarization, and V — circular 2.
polarized. Circularly polarized light would be an unexpected signal, so we do
not measure it, and total polarized signal for our purposes consists of the two

other parameter combined in quadrature, S,,; = /Q? + UZ.

The simulated image, is sent through a high pass filter (resulting
in fig (b) below) to remove low frequency behavior (fig. (a)). A more rigorous study
might explore this with
better plume modelling
prior to injection, but it is
clear from these
calculations that large
plumes would be visible to
this earth based
observatory and GPI fills a
desirable niche for further
cryovolcanic studies on
Europa via more frequent
monitoring than space-

based observatories allow.

SNR Map on Europa with Enceladus Sized Plume

3. A weighted sum for each pixel is computed using the PSF shape
(Note: this relies an a point source assumption for the plume).
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SNR measurement is computed by comparing weight at true
simulated plume position to the standard deviation of the
neighboring pixels.

/(a) The polarization data for Europa taken from GPI with a half hourh +

instrument time.

(b) GPI K-band data for Titan, which has a significant atmosphere that

shows polarized limb brightening from double scattering.
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5. Repeat SNR measurement with plume injection at every pixel on
Europa’s disk.

Therefore, for the modelled Enceladus like plumes, we create a
SNR map for detection capability via GPI for the observing
conditions seen in spring, 2019.
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The Gemini Planet Imager

The primary task of the Gemini Planet Imager (seen in fig. (a)) is to
directly image and spectroscopically characterize exoplanets (Macintosh
et al 2014). GPI's adaptive optics system produces images with a spatial
resolution at Europa of 7150 km. The integral field spectrograph can
provide either low-resolution (dA\/A= 40) spectroscopy or broadband
polarimetry from 1 — 2.5 pm. A broad schematic can be seen in (fig.

Observing Implications

This study suggests that plumes comparable in scale to Enceladus
would have an unmistakable signal in GPI polarization data. The lack
of visibility and overall detection for plumes on Europa would be
consistent with transient, potentially irregular ejecta. The existence
and frequency of these events are of great interest, and a ground
based observing program is uniquely positioned to examine the system
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The nonzero signal at & = 0 is due to the solar phase angle, @ = 8° at time of observation.
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