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Introduction: Coronal mass ejections (CMEs) are 
the largest form of dynamics within the corona, yet de-
spite decades of observations we lack key observational 
constraints on their initiation. CMEs are of paramount 
importance to the Nation, as they are the drivers of the 
most destructive forms of space weather, ranging from 
intense SEP bursts that can severely harm NASA astro-
nauts, to geomagnetically-induced currents that can 
wreak havoc on our “technological society.” Conse-
quently, CMEs are a central focus of every strategic 
plan for US science, including the NASA Strategic Plan, 
the OSTP Space Weather Action Plan, the Heliophysics 
Decadal, and the Heliophysics Division Roadmap. Alt-
hough solar physics missions have probed the corona at 
various temperatures and heights, the region within 
three solar radii where the solar wind and coronal mass 
ejections are born remains extremely difficult to observe 
with sufficient spatial resolution and sensitivity to un-
derstand these phenomena. CMEs are also the largest 
and best-observed examples of how the interaction of 
cosmic plasmas and magnetic field can lead to explosive 
activity; consequently, determining their initiation 
mechanism delivers a major advance in understanding 
basic physical processes throughout the universe. 

The CORona from the Gateway (CORG) mission is 
designed to address questions of fundamental im-
portance: What is(are) the physical mechanism(s) re-
sponsible for initiating and driving coronal ejections? 
How does the corona connect to the heliosphere?  There 
are two major problems that prevent the understanding 
of CME initiation with the presently available data. 
First, the coronagraph spatial (> 7 arcsec) and temporal 
(> 5 mins) resolutions are too low to resolve the mag-
netic structure and follow the detailed dynamics. Se-
cond, there is a large gap between the coronagraph and 
solar disk extreme ultraviolet coronal images, but to de-
termine how and where CMEs initiate it is essential that 
the complete corona be observed. 

Mission Concept: This requires coronal observa-
tions very close to the solar limb. High signal-to-noise 
measurements require large telescope collecting areas. 
These two requirements call for large externally-oc-
culted coronagraphs with a long distance occulter-to-
telescope baseline, capable of “eclipse-like” observa-
tions. CORG will solve both problems above by provid-
ing a high-spatial resolution, coronagraph images from 
1.05 to >2.5Rsun utilizing the Deep Space Gateway 
(DSG). 

This giant coronagraph system will enrich the solar 

science with unprecedented study of the close corona. 
Previous Sun-observing missions such as SOHO incor-
porate ‘internal’ coronagraphs to study the corona. But 
their effectiveness is limited by a phenomenon called 
diffraction, where stray light overspills the edge of the 
occulting disk. Progress on this front requires moving 
the Occulter much further away while still preserving 
eclipse-like conditions for long periods of time – pre-
cisely the performance offered by the CORG external 
coronagraph. 

 

CORG will remove the primary source of arbitrari-
ness in the current solar wind models. CORG will also 
provide key information necessary for constraining and 
enabling CME models: initial acceleration and develop-
ment in the corona. CORG measurements will be inval-
uable for model validation, especially for the critical 
early CME development phase. Some of the most im-
portant characteristics of CMEs, such as magnetic struc-
ture and speed, are locked in once the CME leaves the 
corona. Improving the present models to the capability 
of reproducing CORG’s observations of CMEs and de-
velopment in the corona is a major advance toward a 
robust, predictive capability of CME-driven space 
weather. 

The coronagraph will also provide large-scale im-
ages revealing the dynamics of ejected solar material, as 
erupting prominences or CMEs (see Figure 1). CORG 
will also address questions related to the origin of CMEs 
and the solar wind and its acceleration. In addition to 
CME initiation and development, CORG will observe 
all aspects of Sun-heliosphere coupling dynamics. 
These dynamics cover a broad range of spatial and tem-
poral scales, from fast solar wind that can be quasi-
steady for days to small coronal jets with lifetimes of 
only minutes.  

One of the most important forms of solar-heliosphere 
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coupling, especially for space weather, is the “slow so-
lar wind,” because Earth is usually embedded in this 
wind. Therefore, to develop a predictive capability for 
destructive space weather, such as CMEs, requires un-
derstanding and accurately modeling this wind through 
which space weather propagates to impact Earth. CORG 
will determine if the slow solar wind originates as 
closed field plasma continually released into the helio-
sphere as magnetic plasmoids with enhanced density 
ejected among the heliospheric current sheet. 

Scenario 1: Formation Flying. The optimal solution 
is satellite formation flying. This is the main driver for 
the mission implementation consisting of two compo-
nents; a coronagraph mounted on the DSG and a small 
satellite launched from the DSG that will separate to 
provide the external occulter. and a formation flying oc-
culter that simulates a natural eclipse from space All the 
instrumentation is in the payload spacecraft. The “oc-
culter” spacecraft consists only of a service bus for atti-
tude control and orbital maneuvering. 

 

The formation keeps the spacecraft and DSG along 
the same Sun-probe vector. The “occulter” spacecraft 
flies ~100 m closer to the Sun than the DSG carrying 
the coronagraph-based telescope and provides an occul-
tation for the coronagraph aperture of the second space-
craft in the same way the moon occults a region of the 
Earth during a total solar eclipse. 

Resources: Utilizing the DSG, this mission is ex-
tremely resource efficient. Table 1 lists top level, initial 
requirements. This mission requires mounting on an ex-
ternal, sun facing attach point of the DSG and deploy-
ment of the smallsat (CubeSat) sized “occulter” space-
craft. All operations can be done autonomously from the 
ground without crew interactions.   

 

Table 1: Scenario 1 Resources 
Mass DSG mounted instrument is <100kg, 

free flyer S/C <20 Kg 
Power <100 Watts 
Volume DSG mounted instrument 

~0.8x0.8x1.2m 
Telemetry <200 Gb/day 
Orbit Long as possible direct solar viewing 
Cost <$50M 

DSG Rationale: Formation flying of two Earth-orbit-
ing spacecraft is being attempted (e.g., PROBA-3) or 
can utilize the International Space Station (ISS), how-
ever there are multiple advantages to utilizing the DSG. 
For example, an ISS mounted coronagraph can only ob-
serve the sun ~<40% of the time due to day/night cycles, 
whereas the DSG can have significantly longer uninter-
rupted solar observing cycles. As the PROBA-3 mission 
profile is demonstrating, the controls of two Earth-orbit-
ing spacecraft with gravity gradients is also extremely 
limiting in its ability to observe the sun for long unin-
terrupted periods. Utilizing the stability of the DSG and 
the necessity to control only the “occulter” spacecraft 
relative to the DSG significantly simplifies the mission 
operations and extends the observations 

Scenario 2: Extendable Boom. An alternative ap-
proach is to replace the free flying spacecraft with an 
extended, retractable boom (~20-30m), with an occulter 
mounted at the end (Figure 2). This boom plus occulter 
functions the same as the free flying occulter, although 
with some science compromises (e.g., slightly higher in-
ner field of view cutoff and slightly degraded signal-to-
noise) due to the shorter distance. Table 2 lists top level, 
initial requirements. This mission requires mounting on 
an external, sun facing attach point of the DSG. All op-
erations including boom extension and retraction can be 
done autonomously from the ground without crew inter-
actions. 

Table 2: Scenario 2 Resources   
Mass DSG mounted instrument is <120kg 
Power <120 Watts 
Volume DSG mounted instrument 

~0.8x0.8x1.2m main instrument + 
~20-30m boom 

Telemetry <200 Gb/day 
Orbit Long as possible direct solar viewing 
Cost <$50M 

DSG Rationale: Similarly, to the free flying option, 
the DSG offers substantial advantages over Earth orbit-
ing spacecraft. As noted, compared to the ISS, the DSG 
offers substantial more observing time. If one compares 
the DSG with a self-contained, Earth-orbiting, sun-syn-
chronous spacecraft with a boom, there are still a num-
ber of advantages, most importantly attitude control and 
stability and boom length. 
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