
	
GEOCORONAL	IMAGING	FROM	THE	DEEP	SPACE	GATEWAY	|	Waldrop	et	al.,	2017	

Geocoronal Imaging from the Deep Space Gateway 
L. Waldrop, T. Immel, J. Clarke, M. Fillingim, K. Rider, J. Qin, D. Bhattacharyya, R. Doe 

 
It has been four decades since Apollo 16 returned the first wide-field UV imagery of the earth and 
revealed the vast extent of exospheric hydrogen (H) atoms around the planet [1]. Since that time, 
appreciation has grown regarding the significance of this outermost atmospheric layer, whose 
charge exchange interaction with ambient ions dissipates magnetospheric energy, generates the 
energetic neutral atoms (ENAs) widely used for remote sensing of the ring current during 
geomagnetic storms, and accelerates gravitational escape and thus permanent atmospheric 
evolution [2-5]. Despite the importance of Earth’s H exosphere to the solar-terrestrial system, 
however, current understanding of its global structure and dynamical evolution is poor, such that 
the origin of persistent discrepancies between measurements and models remains unresolved.   
 
Remote sensing of UV emission from geocoronal H atoms, generated through resonant scattering 
of solar radiation at 121.6 nm (Lyman-alpha, “Lya”), is the only empirical means available to 
investigate the terrestrial exosphere, which extends in a nearly spherical cloud out to 30 earth radii 
(Re).  Orbiting space-based platforms, such as NASA’s IMAGE, TWINS, and TIMED missions, 
have observed geocoronal Lya emission routinely for nearly two decades and yielded fundamental 
insights regarding the seasonal and solar cycle dependence of the exospheric density distribution 
and its kinetic partitioning [e.g., 6-9]. These investigations have also revealed that contemporary 
models of exospheric structure, both analytical and numerical, must be missing important physics 
since they are consistently unable to accurately reproduce the emission data. 
 
Unfortunately, the limited spatial and temporal sampling associated with these missions amplifies 
the notorious challenges of radiative-transport based data analysis and has prevented reliable 
assessment of the physical mechanisms responsible for the reported data-model discrepancies. For 
example, while limb scanning of H Lya emission from low earth orbit by TIMED yields a local 
altitude profile of H density out to a few earth radii (Re), global structure can only be detected over 
the 4-month duration of orbital precession, and temporal variability is obscured by the low 
instrument sensitivity and consequent need for multi-day averaging of individual scans [6-7,10].  
Stereoscopic sensing by TWINS from its higher altitude (~7 Re apogee) vantage is more suited 
for large-scale density estimation, but in this case, reported reconstructions are confined to the 
optically thin region from 3-8 Re (mainly on the dayside northern hemisphere) and also require 
long time averaging in order to accumulate sufficient observational coverage [8-9,11-12].   
 
The inability of current sensing platforms to measure global exospheric dynamics at high temporal 
cadence particularly limits quantification of its critical role in mediating the terrestrial response to 
space weather.  During geomagnetic storms, redistribution of exospheric H atoms has been shown 
to drive storm-averaged enhancements in H density of up to 40% in the outer exosphere (>3 Re 
altitude) along with depletions of ~25% near the exobase [10-12]. Conventional analyses of storm-
time ENA images do not account for transient exospheric variations and instead adopt a static H 
distribution in their inversions.  The lack of detailed knowledge regarding the global, time-
dependent H distribution is thus a source of significant uncertainty in space weather monitoring 
and modeling [3].  Meanwhile, the lack of observations beyond 8 Re prevents reliable 
determination of the non-thermal H escape flux, leading to large uncertainties in models of secular 
atmospheric evolution. 
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NASA’s Deep Space Gateway offers an unprecedented means of overcoming the current 
limitations of exospheric remote sensing, since its distant vantage enables wide-field imaging of 
the H Lya geocorona at the high spatial and temporal resolution needed to advance understanding 
of space weather dynamics as well as upper atmospheric physics. As an example of potential 
payloads capable of acquiring the needed measurements, we will describe our design of two high-
heritage Lya cameras: (1) a refracting UV imager which can measure the entire geocorona in one 
image; and (2) a reflecting UV imager with a smaller field-of-view and higher sensitivity able to 
target the inner geocorona at higher temporal and spatial resolution. Interplanetary background 
emission could be measured around Earth using a steerable mirror system or by small satellite 
platforms at complementary vantages, which would also enable stereoscopic geocoronal sensing. 
 
State-of-the-art radiative transfer modeling of each (nested or tiled) emission image would yield 
the global distribution of exospheric H density from the exobase out to 30 Re as well as the incident 
solar Lya flux, a critical space weather parameter which drives solar EUV heating and ionization 
[13].  Each global H density reconstruction would allow for quantification of potential spatial 
asymmetries and localized depletions as well as the kinetic partitioning of the H population and its 
escape flux. In general, we envision returning images every 2-4 hours, though the high instrument 
sensitivities enable image acquisition every 15-30 minutes, an observing mode which could be 
activated during storms.  Sequential image analysis would reveal both climatological and sporadic 
variability in the global H density distribution in support of more reliable space weather monitoring 
and physics-based model development. 
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