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Abstract:  Broad and scientifically critical observations of solar system bodies can be 

performed with either of the Astrophysics UV/visible telescopes currently under study 
(HabEx or LUVOIR).  This white paper describes briefly a subset of the planetary 
science objectives that can only be met from above the atmosphere, including planetary 
aurora and magnetospheres, planetary and satellite exospheres, cryo-volcanism, 
atmospheric isotopic ratios, and high contrast imaging of small bodies.   

 
Science Questions 
 
There is broad agreement that the discovery of thousands of exoplanets is an historic 

advance for the field of astrophysics.  The next step is to characterize these planets and 
their interactions with their host stars.  At the same time, the objects that we can study 
most closely, and employ to understand the basic physical principles of how planets are 
formed and evolve, are the other planets and satellites in our solar system.  Future 
astrophysics missions will be able to enhance the science of exoplanet exploration with a 
concentrated study of key processes underway at the other planets in our own solar 
system, as outlined in this white paper.   

 
Either HabEx or LUVIOR would concentrate on observations that can only be done 

from space, i.e. a) vacuum-UV observations that cannot be done from the ground, and b) 
visible and near-IR wavelength observations that require a highly stable point spread 
function (PSF) or high contrast imaging.  These missions will enable solar system science 
that will enhance the science return from exoplanet studies.  They will characterize 
planets in our solar system to understand principles of operation of exoplanets.  Examples 
of some of the expected key scientific areas for exploration are described in this section:  
 
1) Understand the basic principles of planetary aurora, with the application to star-planet 
interactions at exoplanets, and covering a wide range of physical scales and conditions.  
What controls auroral processes on different scales of time and planet size, different 
levels of stellar winds, different planetary rotation rates, etc?  On the Earth the solar wind 
flow time past the planet is a few minutes, and auroral storms develop in a complex 
interaction with southward-pointing interplanetary magnetic field.  On Jupiter and Saturn 
the flow time is hours to days.  Jupiter sometimes responds to changes in the solar wind, 
other times not at all, while Saturn’s auroral activity responds to every solar wind 
pressure front.   Is auroral activity at Saturn controlled just by solar wind pressure, or is 
the interplanetary magnetic field (IMF) direction important?  I,e. is Saturn earth-like or 
does it have a different interaction with the solar wind?  HabEx or LUVOIR can also 
extend UV auroral imaging to Uranus and Neptune with the sensitivity and resolution to 



detect patterns in faint auroral emissions.  This will extend the analogy of solar system 
processes to the large number of 2-5 earth radii exoplanets that have been discovered.  
What about the interaction of the magnetic flux tube with the star?  There is an analog to 
the AM Herculis system, in which the main UV emission is the starspot at the magnetic 
footprint of the orbiting companion.   

 
 
 

 
 
 
 
 
 
 
 
Figure 1: HST far-UV images of Saturn’s aurora and changes during an auroral storm 
(left), and solar wind conditions at the times of auroral brightenings (right).  The shaded 
regions indicate the arrival of solar wind shocks at Saturn, which are always accompanied 
by auroral intensifications.   
 
2) Understand the basic principles of planetary and satellite exospheres, which form the 
interaction region of the atmosphere with the space environment.  What physical 
principles govern the loss of an atmosphere into space?  In the solar system it is highly 
variable from place to place.  On the Earth Jeans’ escape dominates, from the high energy 
tail of the Maxwell-Boltzmann velocity distribution that exceeds the escape speed.  At 
Mars and Venus, hot H populations are likely to dominate, and there are also large 
variations over a year at Mars, implying a strong seasonal control of the escape flux.  At 
Mercury, solar radiation pressure and solar wind proton charge exchange may dominate.  
At Uranus, a high temperature H corona strongly affects ring particle lifetimes.  At Pluto 
there is the potential for hydrodynamic flow of escaping H, which could entrain heavier 
species.  Many of these phenomena are too faint to be observed with HST, but will be 
with HabEx or LUVOIR.   
 

 



Figure 2:  HST observed altitude profiles of the H Lyman α emission from the martian 
exosphere (left) showing large changes over time, and hydrogen escape flux versus 
martian season (right) derived from the observations using a radiative transfer model.   
 
3)  Study the few examples of Cryo-volcanism on small objects in the solar system, 
including Europa and Enceladus.  With the high sensitivity and resolution of either 
HabEx or LUVOIR, we expect to discover cryo-volcanism on many other small bodies in 
the solar system.  Establishing statistics on the conditions in which cryo-volcanism 
occurs, and what sets off the eruptions, is key to understanding the principles of 
volcanism in general.  Present HST observations of eruptive plumes on Europa are 
critical to the design and planning for the Europa flyby mission, and address the 
important question of extant life on Europa.  Using 2 different observing techniques, HST 
only sees evidence for plumes ~ 10 % of the time, and always observes in the vacuum 
UV for high sensitivity to small columns of 
gas.  HabEx would have 5-10 X higher 
sensitivity than HST, and LUVOIR would 
have an even higher effective area.  It will 
nail the Europa case, and extend the method 
to Enceladus and other objects.  Pluto will 
also be in the range of observations by 
HabEx.   
 
Figure 3:  HST far-UV images of oxygen 
airglow emission from cryo-plumes on 
Europa.   

 
 
4) The high far-UV sensitivity and spectral resolution of either HabEx or LUVOIR will 
enable the measurement of isotopic ratios in many solar system object atmospheres.  
They will discover the ratio of D/H (and other ratios) in planetary atmospheres to learn 
about the history of water across a range of objects, both near and distant.  Today this 
measurement can be done by HST at Venus and Mars, and on the occasional bright 
comet.  The measurement requires R ~ 
15,000 at Lyman α (121.7 nm) to separate the 
D and H lines, but both illuminated by solar 
Lyman α .  The HabEx or LUVOIR 
sensitivities will extend these measurements 
to more distant comets, Jupiter, Saturn, 
Uranus, Neptune, and likely Pluto.   
 
Figure 4:  HST echelle spectra of D and H 
Lyman α emissions from Mars.  A space-
based telescope in a high orbit will have the 
great advantage of being outside the Earth’s 
geocorona, and have a far lower background 
for these observations.   
 



5) HabEx or LUVOIR can make use of high contrast imaging capability provided by a 
coronograph.  It will explore cases of faint objects next to bright ones in the solar system.  
One example will be finding small satellites of relatively small objects, such as Pluto and 
Kuiper belt objects.  The discovery of these satellites will provide key information about 
their formation and evolution, including tidal interactions with larger bodies.  

 
What Observations and Measurements are Needed?  
 
The observations that will be needed for science topics 1-4 will require observations 

from space, above the absorbing atmosphere.  Topics 1-3 will use far-UV imaging, with 
relatively modest resolution requirements but a significant increase in sensitivity 
compared with HST.  Topics 1-4 will all require a low sky background.  Topic 4 will also 
require an increase in sensitivity, and high spectral resolution (at least R = 10,000).  
Topic 5 will require a coronographic mode for high contrast imaging.   
 

Observational Requirements 
 
The requirements for making these observations are a combination of far-UV 

sensitivity, spectral resolution, and stability of the PSF: 
 

• The main requirement for this science will be a high sensitivity in the far-UV 
for both imaging and spectroscopy.  A factor of 5-10 improvement over HST 
will enable a broad range of new science.  

• Imaging resolution of 0.05 arc sec is sufficient for the science, and low spectral 
resolution is sufficient except in the case of isotopic measurements, where R = 
104 is required; 

• The location of the telescope outside the terrestrial geocorona will be needed to 
have a very low background for observations of UV H and O emissions; and 

• The highly stable PSF in space will be needed for several of these programs. 
 
Examples 

	
As	examples	of	the	quality	of	data	with	a	future	space-based	telescope	for	UV	

observations	compared	with	the	present	HST	sensitivity,	a	simulation	has	been	done	
for	the	expected	signal	and	noise	levels	for	observations	of	H	Ly	alpha	emission	
from	Uranus	with	both	HST	(STIS)	and	HabEx	(UVS).		This	emission	consists	of	
planet-wide	dayglow,	potential	auroral	emissions,	and	resonant	scattered	solar	
emission	from	the	hot	hydrogen	exosphere.		Using	the	density	and	temperatures	of	
the	thermal	and	superthermal	components	measured	by	Voyager	2,	the	radiative	
transfer	model	of	Bhattacharyya	et	al.	(2017)	has	been	applied	to	the	case	of	Uranus.		
A	spherically	symmetric	Chamberlain	model	has	been	assumed	for	the	production	of	
the	exosphere,	and	1000	sec	integrations	for	each	instrument.		Results	are	shown	in	
Fig.’s	5	and	6	below.		The	considerable	improvement	in	S/N	with	HabEx	would	allow	
the	detection	of	auroral	emissions	and	the	hot	exospheric	hydrogen	at	much	lower	
levels	than	currently	possible	with	HST.	
	



	
 
Figure 5:  Simulations of HST/STIS and HabEx UVS observations of the disc of Uranus 
at UV H Ly-alpha emission, assumed to be 1.6 kilo-Rayleighs at the center of the planet.   
	

	
	
Figure 6:  Simulations of HST/STIS and HabEx UVS observations of the hot hydrogen 
exosphere (assumed T = 20,000 Kelvin) as intensity profiles with a 5 x 5 arc sec field of 
view.   


