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Introduction/Overview: Lab Work & New Technologies Needed:
Ultraviolet (UV) imaging spectroscopy has proven to be an invaluable technique for planetary science studies, and As planetary science advances toward 2050, advancements in UV-related technologies (detectors, gratings, electronics miniaturization) are needed to advance to the next
in the last decades has demonstrated its diverse potential for planetary science discoveries. We encourage the step. Weak signals at outer solar system targets (e.g. KBOs, Trojan asteroids, moons of Uranus and Neptune), for instance, will require utilization of more sensitive detectors
community to support use of this technique as we continue on our journeys in the solar system to 2050, even to to fully take advantage of the UV-diagnostic spectral clues. We also suggest that orbital missions are not the only place for UV instrumentation — landers and rovers can also
targets not traditionally thought of as being sources of UV signals. It is also critical that UV-related technologies benefit from this technology, for in situ studies.
are advanced and laboratory studies are encouraged, to continue furthering the scientific results of these Solid-state based ultraviolet technologies have been developed (e.g. [34]) that offer high UV efficiency, high spatial o N
instruments at other planetary bodies. resolution, red rejection, and photon counting. These detectors have shown increase in the quantum efficiency x5 50 oSty
- - - in the NUV and x2 in the FUV (see right). The enhanced performance is achieved through JPL’ s 2D-doping g%
New |n5|ghts in the last decade: technology (delta doping and superlattice doping) applied to e2v’ s electron multiplying charge coupled devices g% B
« UV spectroscopy has been used since the earliest space missions for atmospheric and auroral studies (e.g. [2][3][41[5][6] (EMCCDs) with custom coatings (including red rejection filters) using atomic layer deposition (ALD). It is critical 10 suew | From [34]
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[71[81[9]). UV spectroscopy for studying cometary emissions is also well-established (e.g. [13]). The lunar exosphere was that these detectors are flown in space in the coming years, to improve performance at target bodies. S
welegth (o

studied in the UV in the Apollo 17 mission [14] and study continues with the LRO/LAMP investigation (e.g. [15]).

Figure 11. Lunar sample E k Ho o " N . .
reflectance spectra (normalized)  ,, = Furthermore, UV lab studies (e.g. reflectance spectra of candidate species and mixtures) are critically

* A number of UV instruments have flown or are flying on spacecraft (e.g. Hubble Space Telescope (HST), Lunar from [17], using data from [37]. " needed to support and interpret the acquired spacecraft data, down to wavelengths as short as ~100 nm
Reconnaissance Orbiter (LRO), Cassini, Rosetta, MAVEN), and more will do so in coming years. These UV instruments are These data provide critical (or shorter). The UV is an area that is seriously lacking in current spectral libraries. Some of the only
enabling significant new findings regarding surfaces and plumes/thin atmospheres. insights into the UV responses existing far-UV lab data were made decades ago [37] of terrestrial, lunar, meteoritic powders, and frosts

to weathering (i.e. in lunar soils
vs lunar rocks) as compared
with longer wavelengths. These

(including H,0, CO,, SO,, and NH); their results suggest that extending the spectral range of lab

« Insights from UV imaging spectroscopy of solar system surfaces have been gained largely in the last 1-2 decades, including measurements from the more traditional visible-NIR (VNIR) into the far-UV (100-200 nm) reveals

studies of surface composition, space weathering effects (e.g. radiolytic products) and volatiles on asteroids (e.g. [1][16][17] are the only existing UV significant diagnostic compositional information (e.g. Fig 11). UV lab measurements have particular
[18][19]), the Moon [20][21][22], comet nuclei [23] and icy satellites (e.g. [24][25][26][27][28][29][30]). The UV is reflectance spectra of lunar challenges, but as evidenced by the newly identified carbon features, numerous discoveries can be
sensitive to some species, minor contaminants and grain sizes often not detected in other spectral regimes. Figures 1-6 Z::;‘Plesd* mtoredatr: needed to anticipated in the next 30 years. Examples of needed lab data would seek to understand the lunar
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« The advantages of UV imaging spectroscopy for detecting and investigating plumes and thin atmospheres (e.g. at T area ripe for study in the coming decades.
Enceladus, Io, Europa) via emissions and occultations (gas absorptions) have been made obvious in recent years (e.g. [10]
[11][12]). Figures 7-10 below.
Potential in the Coming Decades:
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Figure 1. Ceres: composite normalized reflectance Figure 2. The UV reflectance spectrum of water ice massuredi by“t;: Casa VIS :.;1 ;;;:1: Photometer. Red
spectra measured using HST/STIS on two hemispheres of varying grain sizes; models from [26]. Other ices numbers correspond to regions at the south polar, mainly : . : 11
on Ceres. The UV absorpton edge near 4000 A1 also have strong, diagnostc absorption i the UV. Figure 7. A plume on Europa? HST/STIS image of  (except #5) plume sets exnibiting enhanced gas sbsorption. ... Just think what can be accomplished in the next 30-50 years !!
interpreted as due to p)l;yllosﬂwcates plus sulfur species; Ly-a (1216 A) emission off Europa’s south pole. From From [32] - 20 14
the “bump” near 1600 A is due to graphitized carbon. - -
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Figure 4. Simulations of intimately-mixed lunar regolith Figure 9. HST/STIS image of Io's OI] % o0 iio- [N : )
Figure 3. The reflectance spectrum of comet 67P/ with varying small amounts of H,0 to demonstrate spectral 1356 A bright equatorial auroral . ' o : ’ Discovery of ozone in Mars’ atmosphere by the
Churyumov-Gerasimenko as measured by Rosetta slope change in the 164-173 nm range due to small emissions. From [31]. Figure 10. Ultraviolet transmission of Pluto’s atmosphere as measured by UVS on Mariner 7 (Barth & Hord, 1971). MAVEN TUVS i f n Mars’ pol !
Alice. From [23]. amounts of hydration in the dayside lunar regolith. From N;:w Horlznn; A’ll\ce C(Lnodceun 2, ;ompzréf:d rt‘o)d'a:ta in [Ba,zl]ncludes image of ozone in Mars’ polar region.
absorptions by 9 4, CH,y, G Hy, and C,Hg). From .
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