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Introduction: Ultraviolet (UV) imaging spectros-

copy has proven to be an invaluable technique for 
planetary science studies, and in the last decades has 
demonstrated its diverse potential for planetary science 
discoveries. We encourage the community to support 
use of this technique as we continue on our journeys in 
the solar system to 2050, even to targets not tradition-
ally thought of as being sources of UV signals. It is 
also critical that UV-related technologies are advanced 
and laboratory studies are encouraged, to continue fur-
thering the scientific results of these instruments at 
other planetary bodies. 

A number of UV instruments have flown or are fly-
ing on spacecraft (e.g. Hubble Space Telescope (HST), 
Lunar Reconnaissance Orbiter (LRO), Cassini, Roset-
ta), and more will do so in coming years. These UV 
instruments are enabling significant new findings re-
garding surfaces (in addition to atmospheres -- the tra-
ditional use of the UV regime). For instance, recent 
UV results (e.g. from asteroids and the Moon) that this 
is a rich spectral range for studying Solar System small 
bodies. An example is shown in Fig. 1.   

New insights in the last decade: UV spectroscopy 
has been used since the earliest space missions for at-
mospheric and auroral studies (e.g. 
[2][3][4][5][6][7][8][9]). The advantages of UV imag-
ing spectroscopy for detecting and investigating 
plumes and thin atmospheres (e.g. at Enceladus, Io, 
Europa) via emissions and occultations (gas absorp-
tions) have been made obvious in recent years (e.g. 
[10][11][12]). UV spectroscopy for studying cometary 
emissions is also well-established (e.g. [13]). The lunar 
exosphere was studied in the UV in the Apollo 17 mis-
sion [14] and study continues with the LRO/LAMP 
investigation (e.g. [15]). MAVEN/IUVS at Mars is a 
prime example that improved instrumentation can still 
result in substantial discoveries even ~50 years after 
the first interplanetary UV instruments. 

Insights from UV imaging spectroscopy of solar 
system surfaces have been gained largely in the last 1-
2 decades, including studies of surface composition, 
space weathering effects (e.g. radiolytic products) and 
volatiles on asteroids (e.g. [1][16][17][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 sensi-
tive to some species, minor contaminants and grain 
sizes often not detetcted in other spectral regimes. 
Here we highlight recent UV results on solid surfaces 
as examples. 

Diagnostic carbon-related spectral features. Car-
bon compounds are ubiquitous in the solar system but 
are challenging to study using remote sensing due to 
the mostly bland spectral nature of these species in the 
traditional visible-near infrared regime. In contrast, 
carbonaceous species are spectrally active in the UV 
but have largely not been considered for studies of 
solar system surfaces. Hendrix et al. [31] compiled 
existing UV data of carbon compounds -- well-studied 
in contemplation of the interstellar medium (ISM) ex-
tinction -- to review trends in UV spectral behavior. 
Thermal and/or irradiation processing of carbon spe-
cies results in the loss of H and ultimately graphitiza-
tion. Graphitization produces distinct spectral features 
in the UV, as shown in Fig. 2. We have suggested that 
a graphitized carbon is important at Ceres [1] and 
small grains of such a species could be responsible for 
the UV “bump” in reflectance seen there near 1600 Å 
(Fig. 1). The presence or lack of such a feature at car-
bonaceous bodies throughout the solar system could be 
an important indicator of exposure age. Polycyclic 
aromatic hydrocarbons (PAHs) also exhibit widely 
varying and diagnostic UV-visible spectral shapes (e.g. 
[32][33]). 

 
Figure 1.  Ceres: composite normalized reflectance spectra 
derived by combining data from the three gratings (G140L, 
G230L, G430L) from two hemispheres on Ceres. From [1]. 

 
Lunar Hydration. Though the UV signature of H2O is 
known to exist in polar permanently-shadowed regions 
(PSRs) (e.g. [20][34]), at lower latitudes, hydration is 
present but is less well-understood.  The Lyman Alpha 
Mapping Project (LAMP) onboard LRO senses a 
strong water absorption edge in the far-UV (near 165 
nm; Fig. 3), indicating hydration on the lunar dayside 
[21].  Hendrix et al. [21] found a relationship between 
the UV spectral slope and time of day, with spectral 
slopes consistent with increased hydration earlier and 
later in the day, and at higher latitudes. Near noon, the 
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spectral slopes were most consistent with lower 
amounts – or no – hydration. More recent results [35] 
show a distinct difference in UV slope vs. time of day 
around local noon, exhibiting a sudden loss of the UV-
sensed hydration approaching noon, and a slower re-
accumulation of the hydration effect in the afternoon. 
Such results are in work but have implications for the 
sources and migration of hydrating species on/in the 
lunar regolith. 

Figure 2. Coals with increasing graphitization, showing that 
the absorption feature near 200 nm becomes stronger and 
narrower and shifted to the red; after [36]; spectra are offset. 

Lab Work & Advances in Technologies needed:  
As planetary science advances toward 2050, advance-
ments in UV-related technologies (detectors, gratings, 
electronics miniaturization) are needed to advance to 
the next step. Weak signals at outer solar system tar-
gets (e.g. KBOs, Trojan asteroids, moons of Uranus 
and Neptune), for instance, will require utilization of 
more sensitive detectors to fully take advantage of the 
UV-diagnostic spectral clues. We also suggest that 
orbital missions are not the only place for UV instru-
mentation – landers and rovers can also benefit from 
this technology, for in situ studies. 

Furthermore, UV lab studies (e.g. reflectance spec-
tra of candidate species and mixtures) are critically 
needed to support and interpret the acquired spacecraft 
data, down to wavelengths as short as ~100 nm (or 
shorter). Some of the only existing far-UV lab data 
were made decades ago [37] of terrestrial, lunar, mete-
oritic powders, and frosts (including H2O, CO2, SO2, 
and NH3); their results suggest that extending the spec-
tral range of lab measurements from the more tradi-
tional visible-NIR (VNIR) into the far-UV (100-200 
nm) reveals significant diagnostic compositional in-
formation. UV lab measurements have particular chal-
lenges, but as evidenced by the newly identified carbon 
features, numerous discoveries can be anticipated in 
the next 30 years. 

Summary:  The UV is an exciting spectral regime 
in which to study solar system targets, including sur-
faces. UV imaging spectroscopy is already a critical 
component of planetary science in the areas of atmos-

pheres, aurorae, plumes and surfaces, and with devel-
opment of new technologies that will enable even more 
powerful imaging spectrometers, we expect to further 
improve discovery rate in the UV. We encourage the 
community to recognize the contributions in these are-
as and the potential for new important discoveries as 
NASA formulates its Planetary Science Vision for the 
next 3 decades, and to include advances in UV tech-
nologies in NASA plans. The potential is great! 

 
Figure 3. The UV reflectance spectrum of water ice of vary-
ing grain sizes; models from Hendrix and Hansen (2008). 
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